Yactb Il. AHTEHHbI, MUP U Mbl

YACTb I
AHTEHHbI, AHTEHHAMUW HE HASbIBAEMbIE

MNMpegucnosue

Zoporune konnern, crneunaancTbl o aHTEHHOM TEXHUKE!

Ecnn Bbl pymaeTe, 4TO «3BE3OHbIN» YaC aHTEHHOM HaykKun YK A4aneko no3aau, 4yto
BCE BeJIKME OTKPbITUS B 3TO 061aCcTu caenaxol, 1 Ha Bawy nonto HMyero He ocTa-
noceb, To Bbl, ckopee Bcero, rnmyboko owwmnbaeTecs.

Ecnu Bbl n3 nopoabl Mickatenen, n nwmte HoBblE HanpaeneHus, roe Bac oxuaa-
10T BeIMYyamwume OTKpbITUSA, TO 3Ta 4YaCTb KHUMM HanMcaHa cneumansHo ans Bac.

JencteutensHo, 6ypHOe pa3BUTME aHTEHH Kak HayKu NPUXOAMTCS Ha cepeanHy
npownoro (20-ro) Beka, a ceiyac HabNgaeTCd HECOMHEHHbIN Crnaf, HECMOTPS Ha
TO, 4TO BOCTPEOOBAHHOCTb @HTEHH KakK «XeJfie3a» YBE/IMYMBAETCS C KaxXOblM OHEM,
HO....

He Toponntecb XOPOHUTb aHTEHHYIO HayKy!

Ham nu He 3HaTb, 4TO BCEe B MUpeE, BKJIIOYAs HayKy, pa3BUBaEeTCS BOJIHO-
o6pa3Ho, a nobas BoJIHA MMeEeT MaKCUMYMbl U MUHUMYMbl. BO3MOXHO, 4TO 1
aHTeHHas Hayka HaxoguTCs ceiivac NpocTo B 04ePegHOM MUHUMYME Un BON3KU
HEro, 3a KOTOPbIM, HECOMHEHHO, NOCNeaAyeT O4EPEOHON MAKCUMYM, OHEPELHOM
«B3PbIB>.

Bcem Ham M3BECTHO 1 TO, 4TO KaxAblli CNEeAyOLMIA NONYyNEPMOL BOJIHbI UMEET
Apyromn 3Hak. Ml aTo BceobLunii 3akoH. No3TOMy 1 aHTEHHOWM HayKe y)ke nopa
MOMEHSTb CBOIO «MONIAPHOCTb», NEPEOPNEHTMPOBABLLMCH HA YTO-TO MPAMO NPOTU-
BOMOJIOXHOE.

HauunHasa co CBOEro poxaeHus n 0o CerogHsILUHero gHg, Hawa ¢ Bamu Hayka
3aHMManacb pa3paboTkon N N3y4EeHNEM NUCKYCCTBEHHbIX aHTEHH, aHTEHH CO34aHHbIX
4YeNI0OBEKOM M NPEeAHA3HAYEHHbIX A5 NpUeMa-nepesaydm Tom uim nHom nigpopma-
LMW MPY NOMOLLM SNEKTPOMArHUTHbLIX BOJH. [py 3TOM MbI, Kak NpaBuio, COBEPLUEH-
HO He obpallany BHUMaHUS Ha TO, YTO aHaJIorM BCEX TUMOB CO34aHHbIX (M co3aaBa-
€MbIX) YEJIOBEKOM aHTEHH (M1 HE TONbKO aHTEHH), MPUYEM 3HAYUTENBHO Bonee
COBEpLUEHHbIE, CO3aaHbl [1pMpoao HECOM3MEPUMO PaHbLLE, YHEM HYESTOBEKOM U
MHOIO pPaHbLUE CaMOro 4efoBeka.

MpupoaHbie aHTEeHHbI, OKPY)Xasi HAC CO BCEeX CTOPOH, He TOJIbKO CTOSIT, HO
M pacTyT, U LBETYT, U XO0AAT, U nnaeatoT. OHM eCcTb U B MMpPE aToMa, U B MUpe
KocMoca. AHTEHHaMU, BEPHEE, OFPOMHBLIM KOMIMJIEKCOM €CTECTBEHHbIX aHTEHH Pa3-
HbIX TMNOB 060pyAoBaH 1 YenoBek. Kpome Toro, aHTeHHamMm, B TOW WU MHOW Mepe,
ABNSAOTCS N UCKYCCTBEHHbIE 0ObEKTLI, CO34aHHbIE YHE/TOBEKOM HE B KA4EeCTBE
AHTEHH, a 4Nd APYrux uenemn, a n03TOMy aHTEHHAMU UM TakXXE HE HA3bIBAEMbIE.

B npuHuune, aHTeHHaMu, paboTaloLWMMN C SHEPTUAMN TOFO UM MHOMO BUAA U
AmanasoHa, SIBNFEeTCH BCE CYLLECTBYIOLLEE B HALLEM MUPE, KaK ECTECTBEHHOE, CO3-
naHHoe NMpupoaoi, Tak n NCKYCCTBEHHOE, CO34AaHHOE YENTOBEKOM N3HAYAJIbHO HE B
KayecTBe aHTEeHH. Bce aTm ycTponcTea BxoAa-BbiXxo4a, Chyxalume ons npuema
(nornoweHnsa, ynaBnmeaHua) n nepegadm (M3ny4eHunst, UCMyckaHnsa) Camon pasHom
3HEeprum, Mbl Noka aHTeHHaMK He Ha3biBaeM. Ho, He «3Has» 06 3TOM, OHM BCE pPaBHO
paboTaloT NO NPUHUMIMY aHTEHH, KOrAa U3HYTPU NN CHApPYXXK NMOSIBASIETCS 3HEPrUs,

189



AHTEHHbI, MUP 1 Mbl. YacTs I

C KOTOPOW OHW MOIYT B3aMMOAENCTBOBATbL COBEPLUEHHO ONpeaeieHHbIM 06pa3omM B
COOTBETCTBME C UHANBMNAYASbHBIMW CBOMNCTBAMMU, MPUCYLLMMWN KaXKA0W N3 HUX, bna-
rogaps nx popme, pasmepy v nNIoTHOCTK.

Bcem n3BecTHOM NNYHOM (IMH30BOM) aHTEHHOM KaXA0ro YenoBeka (M He TONbKO
yenoseka), paboTatoLler B CBETOBOM AMana3oHe BOJH, SIBASIETCS XPYCTanukK rnasa,
a ylwy — 3T0 TUMUYHbIE PYNMOPHbLIE aHTEHHbI, paboTatoLme Ha YyNpyrmx BOJIHaxX —
BOJIHAxX 3ByKOBOro AnanasoHa. AHTEHHOI ABNseTCs 1 ntoboe AepeBo Unn CTPoeHue,
CNocoBHOEe CNYXNTb FPOMOOTBOAOM, Y/IOBUTESNIEM 3JIEKTPOMArHUTHbIX BOJIH METPO-
BOro AmManasoHa, KakOBbIMU SBASIETCS MOJIHUS.

Ecnn Bbl no3HakoMnTECh C Cepbe3HbIMK paboTamMmu No Buonornn u «rnepeseae-
Te» UX Ha PaaMOTEXHNYECKNI A3bIK, TO 0OHAPYXNTE, 4HTO TaM rOBOPUTCS N O 3HAKO-
MbIX HAM PagMOTEXHNYECKNX YCTPOMCTBAX, BKIIOYAs aHTEHHbI, @ TakXe O NpoLeccax,
CB$I3aHHbIX C MX paboTOol, HO TOJIbKO HA MEeAMUMHCKOM, HEMOHATHOM HaM, TEXHAPSM,
A3bIKE.

PaboTbl N0 0OHAPYXXEHMIO N N3YHEHUIO MPUPOAHbLIX aHTEHH, @aHTEHHAMMW HE
Ha3blBAEMbIMU, CENYaC TOJIbKO HAYMHAIOTCA. M BCex NepBONPOXoALEB, KTO NOMAET
no 9TOMy NyTU, UBMEHUB «MOJIIPHOCTb» CBOUX MHTEPECOB B 061aCTWN aHTEHHOM TeX-
HUKW, XOET MHOXECTBO HOBbIX OTKPbITUIA. [1py 3TOM HE NCKIIIOYEHO, YTO CPEean HNX
OyayT 1 «OTKPbITUA BEKa», KOTOPbIE B HACTOSILLEE BPEMS JiexXaT, B OCHOBHOM, Ha
CTbIKE Pa3HbIX HAayK.

B03MOXHO, 4TO nepexon Ha «NPUPOAHbIE PENbChI» MO3BONUT aHTEHHON Hayke
NepPexXnTb CBOM O4EPEHON «3BE3OHbIN Yac». N 9TO coBceM He ¢paHTacTuka, a Hawa,
BMOJIHE BO3MOXHas byayLias peanbHOCTb, KOTOPYIO MOXET NPUGIN3UTb Kaxablii N3
Bac, ecnn Bcepbe3 3anHTEPECYETCS STVM HOBbIM HaNpaBieHNEM. AHTEHHAM,
aHTeHHaMW He Ha3blBaeMbIMU, MOCBSLWEHbI He Tonbko Mou [1], [2], [3], [4], Ho n
apyrve, paboTbl, BKIlOYas, Cepbe3Hble Hay4Hble paboTbl MO pesynsratam Uccneno-
BaHWNS CNOXHENLLIEN aHTEHHOW CUCTEMbI, 0OHapy>XeHHOM Ha Tene wepwHsa [8], [9], a
Takxke Hay4yHo-nonynspHele [6], [7], NOCTPOEHHbLIE, B OCHOBHOM, HAa rMrnoTesax u
npeanonoxeHunsx. Ml uncno takmx paboT yBeNMYMBAETCS C KaXOblM OHEM.

CNEAYIOLLME! Te, KTO naeT 3a HaMu, crieumanmctaMm no aHTEHHOM TEXHUKE
20-ro Beka, BO3bMUTe acTadeTy NOKOJIEHNI B CBOV MOJI0Able PYKM U 3aIMUTECH
CEPbE3HbIM N3YYEHNEM aHTEHH, aHTEHHAMM HE Ha3bIBAEMbIMM, BKJ1IOHAS aHTEHHbI,
co3paHHble camon Mpupoaon.

YT100bI N1Ierye 6GbLII0 NEPENTM K PACCMOTPEHUIO aHTEHH, a TakXke Apyrux
YCTPOWCTB, SABASAIOWMXCA €CTECTBEHHbIMU aHaNnoramMmm BCEro, 4To Co30aHO YenoBe-
KOM, npegyiaraeTca nocMoTpeTb Ha Haw MUP n Ha HAC camunx B 3TOM Mupe ¢
HOBbIX, 0OLWMX, NO3MUMIA. HOBbIN NOAxoa, K NO3HAHMIO HaLLero Mmpa 1 ceds B 9Tom
Mupe, N3noxeH B [1] n B 3-eli 4acTn AaHHOW KHUTN.

C uenbio NPMBEYEHNS K HOBOMY HAay4HOMY HanpaBSIEHNIO LUMPOKOro Kpyra
ynTaTenen, a He TONIbKO CMELVANMCTOB N0 aHTEHHOW TEXHNKE, B 9TOM YaCcTU UCMOJb-
30BaHO, MO BO3MOXHOCTU, NOMNYASPHOE M YNPOLLEHHOE U3NI0XEHME MaTepmana, a
HEKOTOpbIe cneumasnbHble TEXHUYECKNE TEPMUHbI, 3aMEHEHbI OBLLENMPUHATLIMU, HO
«OrpaHNYeHHO BEPHbIMKW», CllIoBaMu. DTN CNoBa (rMNoTeTu4eckme, MHockasaTesb-
Hble 1 T.M.), & TaKke BNepBble BBOANMbIE TEPMUHbI, B3ATbl B KABbIYKM, HO, KaKk NpPaBu-
110, TOJIbKO NPU NEPBOM YMOMUHAHUMN.

B cBeTe HOBOro Hay4HOro NoAxoaa NpeajiaraeTcsd Ha aHTEHHbI MOCMOTPETD Kak
Ha ynosutenu-ucnyckatenu JIIOBEOM aHepruu, a He TONLKO 3HEPrnn aneKTpomar-
HUTHBIX (M 3BYKOBbIX) BOJIH.
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Fnaea 1
AHTEHHbI KaK yNIOBUTENM U ucnyckatenu nioboi aHeprum

1.1. B3rnaa Ha aHTeHHbI C OOLLNX NO3nLNiA

1.1.1. AHTEeHHbI KaK yCTPOVCTBa BXxoAa-BbixoAa JI0060i aHeprun

AHTEHHAa 0ObIYHO CHMTAETCS YCTPONCTBOM, NpeaHas3HaYeHHbIM A8 MCNYyCKaHUS
(n3nyy4eHuns) n ynaBnmBaHus (NOrnoweHus) aHeprum pagruoBosH. OaHako CyLLeCcTBY-
0T yCTPOIiCTBa, paboTatoLme no ToOMy Xe NPUHLNUMNY, 019 U3NYYEeHUS 1 yiaBInBaHns
SHEeprum BoJIH CBETOBOI0 Auana3oHa 1 3Heprum 3ByKOBbIX (YNpyrmx) BoJH, cnenosa-
TeJbHO:

AHTeHHa (B oOLwiem cnyyae) — yCTPOMACTBO BBOAA-BbiBOAA, NpeaHa3Ha-
YyeHHoe Ans ucnyckaHus u ynasnusaHusa QHEPITMU Toro nnm vHoro enaa v
AnanasoHa.

OHeprus, B 006LLEM Cllydae, — 3TO He TOJIbKO ABMXYLLMECS MONSA U BOJIHbI, HO U
OTHOCUTENBbHO Nnokosiwasica macca. [oaTomMy aHTeHHa, Kak 1 BCE CYLLLECTBYIOLLIEE B
HallemM Mupe, npenctaensieT cobor CrycTok onpeneneHHon aHeprum, aHepreTnye-
ckoe obpaszoaHue (30).

AHTEHHOW TOro UM MHOIO TUNA, YNaBAVBAIOLLEN-VNCMNYCKAIOLWEN SHEPIUIO TOro
WM MHOro Bnaa, paktnyeckm aensetcs nobdoe 30, Tak kak abCOOTHO 3aMKHYTbIX
CUCTEM B NpMpoAe He 0OHaAPY>XEHO U YENTOBEKOM HE CO34aHO0.

Jioboe ycTpoiicTBo, B 06LLeM crydae, nioboe 30, cnocobHOe ucnyckaTb-yna-
BIMBATb KaKylo-Mbo aHepruio 1 paboTatoLee no NPUHLNMY aHTEeHHbI, MOXHO CYK-
TaTb @aHTEHHOW BHE 3aBUCUMOCTU OT TOr0, IBASIETCS I OHO MCKYCCTBEHHbLIM, CO3-
OAaHHbIM YEeNTOBEKOM, U1 ECTECTBEHHLIM, CO3O0aHHbLIM camon lNMpupoaon. He nveet
3HAYeHNs 1 TO, BbIIIO NI OHO YENIOBEKOM M3Ha4YalbHO Ha3BaHO aHTEHHOM M NpeaHas-
Ha4yeHo Ans paboTbl MMEHHO B 3TOM Ka4yecTBe, UK e paboTaeT B Ka4eCTBe aHTEH-
Hbl CAMOCTUNHO. HEBAXXHO 1 TO, C NCKYCCTBEHHbLIMW WUN C ECTECTBEHHbLIMUW SHEPrusi-
MW OHO paboTaerT.

FmaBHbIM, 4TO genaet D0 aHTEHHOW, — 3TO CNOCOOHOCTb paboTaTtb C
SHeprusaMmn Toro U MHOro Buaa no o6LMM AN aHTEHH TOro UM MHOro TUNa
OCHOBHbIM NMPUHLMNAM.

Ecnu kK onpenenenunto aHTeHHbI NOAONTY C nNpeafiaraembix (00OLLYX) NO3ULMIA, TO
TOrga cpeny eCTECTBEHHbIX M UCKYCCTBEHHbLIX D0, 0OHapyXmnTcs 6eCKOHEeYHOEe MHO-
>XXE€CTBO aHTEHH, KOTOPblE aHTEHHAMW Ha3bIBaTb HE NPUHSATO, BK/OYAst Pe30HaTopbI U
dnaepHble NMMHUM (MCKYCCTBEHHbIE N €CTECTBEHHLIE), TaK KaK 1 OHU, XOTS Obl Manyto
4YacTb SHEPIrvM, NCMYCKaOT 1 NOMOLLAT BCEraa, a no3ToMy NpakTU4eckn SBNSIOTCS
M aHTEHHaMW.

Pe3oHaTtop (B 06LeM criyyae) — cucTema ¢ pe3Ko BbipaXeHHbIMU pPe30-
HaHCHbLIMU CBOMCTBaMM, CNOCOOHasa KonedaTbcs U/Unn Noaaep>XXuBaTb KoJe-
0aHug Kakoin-nmbo aHeprum.

Pe3oHaTopamm 3BYKOBbIX BOJIH SIBASIKOTCS CTPYHbI, CTEPXHU, HOXKU KaMepToHa,
MeMOpaHbl, 06beMHbIE aKyCTUYECKNE Pe30HaATOoPbl U Ap. N9 31eKTpoMarHUTHbIX
BOJIH — KoNiebaTeNibHble KOHTYPbI, 0ObEMHbIE PE30HATOPLI, ONTUYECKNE PE30HATO-
pbl 1 Ap. AHanoru pesoHaTopam, Co34aHHbIM YeSIOBEKOM, CPeAN MCKYCCTBEHHbIX U
ecTecTBeHHbIX 90, pe3oHaTopamMm He Ha3biBaeMbIX, NogobpaTb o4eHb ierko. OHm
[OJXHbI, Bcero nuub (1), coBnagaTb No popmMe 1 ObiTb CNOCOOHLIMU BO30YXAaTb
n/vnn NoanepXxmeaTtb KonebaHns onpeaeneHHON 3HepPrnu.
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dupgepHaga nuHug (B o0LWEM Cllydae) — yCTPOMCTBO, HanpaBngwowee
KaKylo-1M00 3Hepruio, T.e. CNOCOGHOE CNYyXNTb S3HEProBOAOM.

OHeprus MoXeT pacrnpoCcTPaHATLCH Kak CHapyXu, Tak M BHYTPW aHeprosoga. B
nocnegHeM ciiydae OH CIYXWUT TYHHeNneM — NpPoCTPaHCTBOM, OrpaHMYEeHHbIM cpaB-
HUTENbHO HEMNPOHMLLAEMOW OJ11 SHEPTrUM pacCMaTpPMBaEMOro B1aa NOBEPXHOCTLIO
nnu cpenon. Ang Toro, 4ToObl ykasdaHHbIE YCTPOCTBA CTaNn OENCTBYIOLLMMM SHEP-
roBogamMm, nx HeobxoaMMO HaNOMHUTL COOTBETCTBYIOLLEN SHEpPruen.

McKycCTBEHHbIE 3HEPrOBOAbI — 3TO NPOBOAHbLIE GUAEPHbLIE IMHMN, KOAKCUasb-
Hble Kabenun, BOIHOBOAbI, CUCTEMbI 3epKaJl, CTEK/IOBOJIOKOHHbIE Kabenn u T.n.
McKycCTBEHHLIMM 3HEPrOBOAAMM CNOCOOHLI CYXWUTb 1 MHOTME CTPOUTENbHLIE
3NeMeHTbl, BKto4as TpyObl 1 NpoKaTHble NPOdUN, N3HAYaNbHO A8 3TOro He Npef-
Ha3HaYyeHHble. DHeprosogamMmmn dakTUYECKN SBNSIOTCS BCe BOAO-, HedTe-, raso-,
3NEeKTPONPOBOALI, 4OPOrN N A0POXKU BCEX BUAOB, BK/HOYAS MAarHUTHbIE JOPOXKMN
Ha guckeTax, 1 T.n. EcTecTBeHHbIe 3HEProBOObl — 3TO KOPHW, CTBOJIbI M BETKU
pacTeHuiA; pycna pek n py4ybeB; MOPCKME 1 BO3OYLLUHbIE TEYEHUS; KMLLEYHas, Ablxa-
TenbHada, KPOBEHOCHAs U HEPBHAdA CMCTEMA 4enoBeka ( U He TOJIbKO YeNoBeKa); Tpa-
€eKTopUn OpOUT KOCMUYECKMX TEN; MAarHUTHbIE CUJIOBbIE JINHWK; CloM aTMocdepbl
pasHom NNOTHOCTU (aTMOCdEPHbIE BOTHOBOAbI) U T.M.

0O69a3aTenibHbIM NPU3HAKOM 060 aHTEHHbI, pe30HaTopPa U SHeproeoaa
ABNSIETCS UBMEHEHUE «CTATUYECKO» U/ NN «OUHAMUYECKON» NNOTHOCTN SHEPrumn B
noboM ee NposiBIEHNN Ha rpaHuue pasgena cpeg [1], [3].

1.1.2. OTAn4YnTenbHbie 0COGEHHOCTU aHTEeHH

OTnnYnTENBHBIMM OCOBEHHOCTSIMM @aHTEHH B COCTaBe UCKYCCTBEHHOIO 1 ecTe-
CTBEHHOr0 NpMeMo-nepenaloLLEero KOMnekca aBAsaTCs:

+ AHTeHHa — 970 0b6sa3aTefnibHas YacTb II060ro NpPUeMo-nepeaaloLLLero Kom-
nnekca, 6e3 KOTOpoii, B OT/INYME OT OPYrux, 060ATUCE HEBO3MOXHO.

Mpuemo-nepenalroLLmini KOMNIEKC MOXET COCTOSATb TONIbKO M3 @aHTEHHbI, Pe30Ha-
TOopa 1 GUOEPHON IMHUM, B MPOCTENLLEM CJly4ae, — TOJIbKO U3 aHTEHHbI, HANPUMEpP
konebnouierocs (Mnmn cnocobHOro KonebaTbCsl) CTEPXKHS.

+ 0Ob6sa3aTenbHbIM OTIMYMEM aHTEHHbI ABISIETCH «PaCcKpbiTOe» AN B3aMMO-
0EeNCTBUSA B APYrOM «MUP» «OKHO» UIN XOTS Obl ManeHbKas «LLeoyka».

Ho Tak kak abCoNOTHO 3aMKHYTbLIX CUCTEM B MPUPOAE HE OOHAPYXEHO M YeNo-
BEKOM HE CO3JaHO, TO @HTEHHOW (B TO UM MHOW CTEMNEHN) MOXET CNYXUTb Ntoboe
30 (u ero oTaesnbHbIE 3NIEMEHThI), BK/IOHYasa 000N «dHeproBoa» U «pe3oHaTtop». U
yem 605bLie 30 cnocobHO MCMNYCTUTb-YIOBUTL YEPE3 CBOU «OKHA» SHEPTrUn, TEM
CUIbHEEe NPOoSIBNSIOTCS €ro aHTEHHbIE CBOMCTBA.

+  AHTEHHbI (MO CPaBHEHUIO C APYrMU YCTPOMCTBAMN NPUEMO-NepeaaroLLmx
KOMMNEKCORB), Kak NpaBuo, Hanbosnee NPOCTbl KOHCTPYKTUBHO M PACMOJIOXEHbI Ha
BHELLHEM YPOBHE TOro KOMIJlekca, BXOO40M-BbIXOAO0M KOTOPOro OHU SBASIOTCS.

M3BeCTHO, 4TO B3aUMOAENCTBME XMMUYECKNX DNIEMEHTOB ONpeaenseTcs, B
OCHOBHOM, CTPOEHMEM BHELLIHEIO YPOBHS 9N1eKTPOHOB. OT 0COBbIX CBOMCTB NOBEPX-
HOCTHbIX CNIOEB BELLECTBA 3aBUCAT BCE BMUObl MONEKYNIIPHOINO B3aUMOAENCTBUS:
npunannaHne, ceapueaHune, nasHue, ckiensaHne, TpeHue. CnepgoBatenibHO, Ha Kax-
nom 30 (1 kaxxaoMm ero ypoBHe) Hanbonee AOCTYNHbI A B3aMMOOENCTBUS, a TakxKe
Onst HAbNIOAEHUS N N3YYEHNS UMEHHO aHTEHHbI.

Bnarogapsi aTumM 0COBEHHOCTSAM, aHTEHHbI (MO CPaBHEHMIO C APYIMMU YCTPOWN -
cTBamMm) Hanbonee Nerko 06HapyX1UTb U OEHTUOULMPOBATL JaXKE NO BHELLHEMY
BMAy. ITO AAET aHTEHLLMKAM Ha HOBOM 3Tane No3HaHWS Hawero Mupa (artane nHte-
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rpauym sHaHUM U NX NPUMEHEHNS K eCTECTBEHHbIM 00pa30BaHUAM) HEOCMOPUMoe
NPeuMyLLLECTBO Nepes cneumnanmcTamMmm BCex Opyrnx HanpasieHWiA.

Llenb paHHo paboTbl — NokadaTb BO3MOXHOCTb pa3Hbix 90 BbICTyNaTh B Kaye-
CTBE @aHTEHH WU HAMETUTb NYyTN NONCKA NCKYCCTBEHHbIX U eCTECTBEHHbIX D0, cnocob-
HbIX (AHANOMMYHO TEM UNN UHBIM TUMOBLIM aHTEHHaM) B3aUMOAENCTBOBaTb C 4acTu-
LLaMKW-BOJIHAMU SHEPruii caMmoro pasHoro B1aa U amanasoHa.

1.1.3. Y10 1 KTO MOXEeT CAY)XUTb aHTEHHOI N YacTuLeli-BOJIHOW ?

AHTEHHOWM, KaK 1 3HEProBOAOM, N PE30HATOPOM, B OOLLIEM Clly4ae, MOXET CIly-
XUTb Ntobas (BELLLECTBEHHANA 1 NofieBas, BUaMmas u Heesuaumas), oTkpbitas ons
B3aMMOAENCTBMUS SHEepreTnyeckas HeogHOPOAHOCTb, 06pa3oBaHHas rpaHuLEen pas-
[eN1a NCKYCCTBEHHbIX U/ ECTECTBEHHbIX CPEL, BKIIOHYAs N CPeabl XNUBbIX OPraHm3-
MOB, NMPOBOASLLME (MPOMYCKHbIE) CBOMNCTBA KOTOPbIX AJ15 AAHHOIr0 BUAA SHEPTrUmn
3HAYUTENTBbHO OTNINYAKOTCS.

C yka3aHHbIX BblLLIE MO3ULIMIA aHTEHHOWN SBNSIETCS U 3EMHON LIap, a «OKHa» B ero
atmocdepe, NpPo3payHble, Kak U3BECTHO, NNLLb AJ1S OTAENbHbIX NON0C paguogmana-
30HAa M 4acTU COSTHEYHOIrO CMEKTPa, CNyXaT AN1S YNaBANBaHUS ONpPeaeeHHbIX
4acTu1L-BOJH, B3aMMOAENCTBYIOLMX 3aTEM C obuTaTtenaMm 3emnu.

MoXHO yTBEPXOATh, HTO @aHTEHHON, B OOLLEM CllyHae, SBNSETCS BCe, 4TO npe-
0bpa3syeT CBsI3aHHbIe BOJIHbI (CBA3aHHYO 3HEPTIUMI0), B CBOOOAHLIE BOJIHbI (CBOGOA-
HYIO BHEpPruio), ncrnyckaembie B cBO6G0AHOE NMPOCTPaHCTBO (M HA0bOopOoT), paccemnBas
W KOHLLEHTPUPYS MX onpeaeneHHbiM 06pa3oM B COOTBETCTBMN C XapakTEPUCTUKOMN
HaMpaBNEHHOCTMW.

HanpaBneHHOCTb (B cUy NpUHLUMIA 06paTUMOCTI) NPU NCNYCKaHWUM 1 yNaBn-
BaHUN SHEPrN OAMHAKOBA, Tak Kak MPUHLMN 06paTMMOCTM BbipaxaeTcsl B TOM, YTO
1 B PEXUME Nepeaayu, n B peXMMe npruemMa OCHOBHbIE 3/IEKTPNYECKUE (BOSTHOBBIE)
napamMeTpbl aHTEHHbI OCTAlOTCS HEU3MEHHbBIMMU.

OHepreTnyeckme HeoAHOPOAHOCTU, Kak N BELLECTBEHHbIE, MOTYT ObITb «BOT-
HYTbIMW>» (AeDULNT SHEPIUN), «BbIMYKIbIMU>» (M3OLITOK 3HEPIUN) U «MIOCKUMU»
(HenTpanbHbIMK). VIX 9HEpPreTnyeckasa «BOrHyTOCTb», «BbIMYKIOCTb» N «MJIOCKOCT-
HOCTb» KakK M COOTBETCTBYIOLLAA KaXA0W U3 HUX BELLECTBEHHAA dopma, onpenenseT
MX CBOWCTBA: CNOCOOHOCTL MOMOLLEHNS], paCCENBAHNS U 3ePKaslbHOro OTPaXXeHUs,
COOTBETCTBEHHO. [103TOMY BCE CYLLECTBYIOLLEE B HALWLEM MUPe, B 0OLLEM Cryyae,
MOXHO CBECTU K 9TUM TPEM, OCHOBHbIM, S3HEPTreTUYECKUM POPMaM BHE 3aBUCUMO-
CTW OT TOrO, Kakoi 3Heprmnein oHn obpasoBaHbl (BUOUMON NI HEBUANUMOW, ABUXY-
LLENCS N NSMEHSIIOLLENCS NN OTHOCUTENBLHO nokoswencs). MNpu cTporom nogxoae,
HMYEro NOKOSLLIErOCs B HALLEM MUPE HET, abCOJIIOTHO BCE OBUXETCA-N3MEHSIETCS.
MoppobHee 06 3HEPreTUYECKUX BbIMYKIOCTSAX M BOFHYTOCTSAX cka3aHo B [1].

YacTuueii-BonHoM, B 00LLeM cnyyae [1], aBnseTcs nioboe 30, BKIIOYas XnBble
opraHmambl. Mpn aTom 30 BonbLUKX Pa3MepoB, CNOCOOHbIE YNOBUTL-UCMYCTUTL D0
MEHbLUNX Pa3MepPOoB, MOIyT MO OTHOLLEHUIO KO BTOPbIM BbICTYNaTb B KAYECTBE aHTEHH.
M B aTOM Cny4ae Ha HUX (B TOM UK MHOM MEPE) MOXHO PacnpOCTPaHUTb TEOPUIO SNEK-
TPOMarHUTHOrO NOJIS 1 3HAaHWUS 06 aHTEHHaXx, CO3AaHHbLIX YENTOBEKOM.

PacnpocTtpaHsas Teopuio 3/1IeKTPOMArHUTHOIO NOJIS HA YaCTULLbI-BOJIHbI,
o6napalowme 60nbLUOK Maccoil, cneayeT NOMHUTb O TOM, YTO Ha HUX, B OT/IN-
Yyue OT 3BYKOBbIX U 3JIEKTPOMArHUTHbIX YaCTUL-BOJIH, HECON3MEPUMO CUJIb-
Hee Bo3pencTByeT rpaButaums. OHa BO MHOMMX cay4asiX MOXeT CTaTb onpe-
aAensowmumMm GakTopoM U CUJIbHO UCKaA3UTb NPOSIBJIEHNE aHTEHHbIX CBOWCTB
KOHKpeTHbIX 0.
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Teopust aNeKTPOMarHUTHOro Nossl, NOJSIOXXEHHAst B OCHOBY aHaN3a aHTEHH,
HACTOJIbKO YHMBEpPCAsbHA, YTO Y>KE UCMOJb3YEeTCS B CaMbIX Pa3HbIx 061aCTaX Hayku
M TEXHUKM, BKIIIOYaAsA aaepHyto Graunky. N ouana3oH ee NpuMeHeHns B 6avxxanwem
OyayLiem MoXeT BblTb 3Ha4YMTENbHO paclumpeH. OgHaKo aNst 9TOro He TONbKO
BOJIHbI, HO M OCHOBHbIE XapaKTePUCTUKM, N NapaMeTpbl aHTEHH, CreayeT paccma-
TPpUBaTb C CaMbliX 0OLLMX NO3MLUniA. Heob6xoaMMo Ncnonb3oBaTh Takke eguHyo, Npu-
4YeM 4OCTaTOYHO NPOCTYI0, TEPMUHOJIOTMIO, MOHATHYIO A4S CNEeUNanncToB PasHbIX
Hay4HbIX HaNpaBEHUI, O YeM yxe OblNI0 CKa3aHOo BbiLLE.

Janee, o4eHb KOPOTKO 1 B 00LLEM BUae, CHopMynnpoBaHbl Hanbosee BaxHbIe
XapakTePUCTMKN N NapaMeTpbl aHTEHH, a TakXXe NepeyncneHbl (C BO3MOXHbLIM
noapasaenieHneM no rpynnam n Tmnam) HEKOTOPbIE U3 ECTECTBEHHbIX U UCKYC-
CTBEHHbIX aHTEHH, @aHTEHHAMMW HE Ha3bIBAEMBbIX.

1.1.4. O6nacts B3anmMogeicTBUs n ee OCHOBHbIE NnapamMeTpbl

CeowictBa ntoboro 30, kak 1 NtoOOWN aHTEHHbI, ONPeaenstoTCa napaMmeTpamMm
norpaHnyHor obnacTtm, cnocobHo B3aMMOAENCTBOBATbL C COCEACTRBYIOLLEN CPenoi
(BHELWHEN nnu BHYTPEHHEN) NOCPEACTBOM YaCTULL-BOJH (SHEPTMKX) TOrO UM MHOFO
BMAA W guanasoHa. ATy norpaHnyHyio obnacTb (B 06LiemM crydae) 6yaem Ha3biBaTb
«061aCTblO B3AMMOOENCTBUS».

O6nacTb B3aMMOAeiCTBUSA — 3TO «OKHO», PaCKpPbITOE B APYroi «<MuUp».
OHa npeacTaBnsieT co00i HEKYIO MOrpaHUYHYIO 30HY MeXAy B3anmopgei-
cteyiowmmu 0 (pasHbIMU cpeaamm).

O6nacTb B3aMOAENCTBMUS, CTPOro roBOPS, BCeraa NnpeactaBnseT cobom HeKni
B3aVIMOAENCTBYOLWNI (pabounii) o6bem. Ho nHorga (B 3aBUCUMOCTU OT GOPMbI U
CBOWCTB 3TOro o6bema B pacCMaTPMBAEMOM AMana3oHe) MOXHO OrpaHNYnUTbLCS yye-
TOM TOJIbKO €r0 NOBEPXHOCTHOIO CNos, NPeACTaBIEHHOro B BUAe niowaan paboyei
NOBEPXHOCTU U OJINHbI, €CNN ONPEAENSIOLLYIO POSib UFPAKT UIMEHHO OHMU.

Mpwn aHann3e NMH30BLIX aHTEHH paccMaTpuBaeTcs pabounii o6beM, 3epkasb-
HbIX M PYNOPHbLIX — paboyasi NOBEPXHOCTb, BUOPATOPHbIX U LUTLIPEBbLIX — AENCTBYIO-
was AsMHa, MHOr031eMEHTHbIX — YMUCIIO U3nydaTesnei, pacrnosioXXeHHbIX Ha onpene-
JNIeHHOW AnnHe, naowaan unm B oobeme, T. e, CHOBa AJIMHa, nnowaabs u oobem. Bece
TO Xe caMoe OTHOCUTCS 1 K NtoBbiM 30, BbICTYNAOLLMM B KQYECTBE @HTEHH COOTBET-
CTBYIOLLErO TMNa.

Kpome noHsaTms paboyeii NOBEPXHOCTU B aHTEHHOW TEXHUKE CYLLLECTBYET TakxKe
NoHATVE NNOLWAAM packpbiBa, ONpeaenstowero niowanb «0KkHa», packpbiTOro B
OPYrom «Mup».

Mpw onpepeneHnn napameTpoB 0 Kak aHTEHHbI y4UTbIBAOTCSA CBONCTBA, Kak
niowaam packpbiBa, Tak n paboyeli MOBEPXHOCTU, UKW OrPaHNYMBAIOTCS TOJIbKO TON
YyacTblo 061acT B3aMMOOencTBUS, KOTopas Npy JaHHOM PacCMOTPEHUN ABNSIETCS
onpenensioLen.

OCHOBHbIMM 3NEKTPUYECKMMU XapakTEPUCTMKAMM aHTEHH, CO3aHHbIX YeNoBe-
KOM, SIBJISIOTCA, KaK U3BECTHO, pabo4ynii auana3oH 1 BOJIHOBbIE CBOMCTBA, ornpeae-
nsieMble pa3MepoM, MIOTHOCTbIO U GOPMON NOrPaHNYHOM 30HbI, BBAUMOAENCTBYIO-
wern ¢ paccmaTpuBaeMbiMU HaCcTULLAMU-BOSIHAMM, T. €. Pa3MePOM, MNOTHOCTbLIO U
dopmoii obnactn B3ammoaencTeus. To xxe camoe oTHocUTcs 1 ko Bcem 30, pac-
cMaTpuBaeMbIM B KQYECTBE aHTEHH.

Pa3amep, nnoTHOCTL 1 popma (Npm CTPOrom NoAxone) HMkoraa He GbiBaloT cTa-
OUNbHLIMU, NOTOMY 4TO aBCOIIOTHOIO NMOKOS HET, Tak Kak BCE CYLLLECTBYIOLLLEE HAXO-
OUTCS B COCTOSIHUN HENPEPBLIBHOIO ABMXEHUS-U3MeHeHNS. B obLiem cnydae, oHn
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ABNAIOTCA NapamMeTpamMm NOCTOSAHHO ABUXXYLLENCS B MPOCTPAHCTBE Y UBMEHSIIOLLLEN -
Cs1 BO BPEMEHU 3Hepruu (BELECTBEHHOW 1/1nn NONEBON, BUOMMON N HEBUOVMOW),
T.€. 3HEPreTUYeCKUMN NPOCTPAHCTBEHHO-BPEMEHHbLIMM NapameTpamu.

BBeneHne aHepreTU4ecknx NpoCTPaHCTBEHHO-BPEMEHHbIX NapaMeTpPOB NO3BO-
NSeT NPUMEHNTbL OAMHAKOBbI NOAXOA HE TOJIbKO K BelecTBeHHbIM D0, npeacTa-
BNSIOLLMM COOOM COBOKYMNMHOCTb BUAMMbBIX M OTHOCUTENBbHO MOKOSALLMXCA YaCTULL, HO
1 K NoNeBbIM, NPeACcTaBNAoLWMM coOO0i (Yalle BCero) COBOKYNHOCTb HEBUOUMbIX
4acTu1L-BOJIH, ABUXEHNE-N3MEHEHME KOTOPbIX MO CPaBHEHUIO C NMEPBLIMU MOXET
ObITb CTOJIb CTPEMUTENBHBLIM, YTO OHU Kak Bbl BOOOLLE NMLLEHbLI MACChl MOKOS.

B0 MHOrmMx cny4asix MOXHO, KOHEYHO, OrPAHNYUTBLCA PACCMOTPEHMEM TOJbKO
NMPOCTPaAHCTBEHHbIX 1 BUANMBbIX NapameTpos 30, He 3abbiBast, 0AHAKO, YTO dpakTnye-
CKM BCE OHU NPOCTPAHCTBEHHO-BPEMEHHbIE.

Pa3mep obnacTtu B3auMoaencTeus onpeaensetr 00bemMm 3HepPreTM4eckoro
obmeHa.

Pa3amep 3agaloT B aOCOMOTHBIX UM OTHOCUTESbHbBIX eAMHNLAX U3MEPEHUS.
ABCONIOTHBIV pasmMep BbipaXkaeTcsl B OOLLENPUHATLIX eaMHULaX Mepbl, @ OTHOCK -
TeJIbHbIA — MO OTHOLLUEHWIO K pa3Mepy TeX YaCTULL-BOJIH, C KOTOPbLIMM paccMaTtpusa-
eTcsl B3ammogerictene 30 gaHHOro abcontoTHOro pasmepa.

Yem 60/blle OTHOCUTENbHbIN pa3mep obnacTtu B3anmoaenctema 90 Kak aHTEeH-
Hbl, TEM C 6oNbWNM KonmnyecTBoM D0, BbICTYNAOLWMX B KAYECTBE HaCTULL-BOJIH,
[aHHasa aHTeHHa cnocobHa B3auMMOAENCTBOBATb OAHOBPEMEHHO N TeM BOobLUIe
MOXET ObITb 3HepPrns obmeHa. Minu: 4em MeHbLLEe OTHOCUTESbHbIN pa3Mep HYacTuLL-
BOJIH NPU paBHOM 3aHMMAeMOM UMW CYMMapHOM 00beMe, T. €. 4eM BOJbLLE UX CYyM-
MapHas niaowagb NOBEPXHOCTU, TEM C BOJbLLIEN MOBEPXHOCTBLIO OKPYXKAIOLLLEN
cpeabl OHM CMOryT 0OMEHMBATLCS SHEPTUEA.

Hanpumep, 4yem 6onblue nnowaab NOBEPXHOCTN OTONUTENbHbIX 6aTapen, pac-
CcMaTpMBaEMbIX B KAYECTBE aHTEHH, TeM OOJIbLLEE KONMYECTBO TenJsa OHM cnocob-
Hbl UICMYCTUTb B OKPYXXaIOLLYIO UX CPeay M NOornoTuTb U3 Hee B cllydae o6paTtHOro
nepenaga temnepartyp. OPheKTMBHYIO NioLwanb OTONUTENbHLIX 6aTapei (npu
paBHOM 3aHMMAEMOM MU 0ObEME) YBENNYMBAIOT NYTEM YIJIOLLLEHNS U YBENNYE-
HUSA KONIMYECTBA OTAENbHbIX CeKUMIA. Yem 6orblLUe KPOHA U KOPHEBas cuctema
pacTeHusi-aHTEHHbI, TeM B0oJbLIee KOJIMYECTBO YINEKMCIIOTbI OHO MOXET NOMMOTUTb
13 atMocdepbl U BbIAENUTbL B HEE KUCIOPOAa, a Takxke 0oblue NornoTuTb 13
NoYBbl MUTATEbHbIX BELWECTB 1, NepepabdoTas, «<MCNYCTUTb» UX B BUOE COOCTBEH-
Horo npupocta. Yem 60nblLUe nnowaib AHa U NOBEPXHOCTN BOAOEMA-aHTEHHbI,
Tem 6onblLUEE KOMMYECTBO TBEPAbIX, XUAKMX N ra3000pa3HbIX BELLLECTB MOXET
pacTBOpPUTLCSA B BOAE, U TEM 60JbLLEE KONIMYECTBO MOJIEKYT BOObLI MOXET MPOHMU-
KHYTb BrnyOb 3eM/IN U UCMAPUTLCH C €ro NOBEPXHOCTU, T. €. NEPENTU B APYryi0
cpeny. YBenmyeHne nnowaam B3aMmMonencTems LMPOKO UCMONb3yeTcsl B rOMeo-
naTum, rae NekapcTBO, 3a4acTylo, 4Al0T B BUAE KPOLLEYHbIX LUApPUKOB, YBENNYMBAs
TeM CaMblM MOBEPXHOCTb B3aUMOAENCTBMS OpraHn3mMa ¢ 1ekapCTBOM Npu paBHOMN
€ro [03e€, 4TO 3HAYUTENBHO yBeNMYmMBaeT adpPEKTUBHOCTb Er0 BO3AENCTBUS, NPU-
4yeM NMpu 3HAYUTENIbHO MEHbBLLNX 003aX.

MnoTHOCTb 061AaCTM B3aMMOAENCTBUS ONpenensietr BO3MOXHOCTb NornoLle-
HWS, OTPaXeHUS, NPenoMIeHNs N cBOBOAHOI0 NPOXOXAEHNS B JAHHOM cpeae
4acTu1L-BOJIH TOIO UM MHOMO pa3sMepa.

Yem nnotHee 061acTb B3aMMOAENCTBUSA, TEM C BOSIEE «MENKMMU» YacTULaMU-
BOJIHAMM OHa cnocobHa B3anMOAeNCTBOBaTb, HE Nponyckas X cBOOOAHO Yepes
cebs, a nornowas, oTpaxas UM npenomnss (MeHss nx HarnpaeneHne).
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YacTuupbl-BOHbI, «MPOCTPAHCTBEHHO-BPEMEHHOM» pa3dMep KOTOPbIX MHOMO
MeHbLLE «NPOCTPaHCTBEHHO-BPEMEHHOI0» pa3mepa «NpPOCBETOB» 00/1aCTV B3aUMO-
0EencTBUs, NPOXoaaT CKBO3b Hee, NoYTU He B3auMoaencTBys. OHa aBnseTcs Ans HUX
«MpOo3payHo». HacTnupbl-BOJIHbI, COM3MEPUMBIE C PAa3MEPOM «MPOCBETOB», «3amy-
TbIBAOTCH» B HUX (MOMIOLLATCSA) UK «NPOTUCKMBAIOTCS», 06amMpas «koxy» (andpa-
rnpys). OHa sBnaeTcs ons HAX B TOW WU MHOW CTEMNEHW yNoBUTENEM. HacTuubl-
BOJIHbI, pPa3Mep KOTOPLIX MHOIO 60JIblLLE pa3Mepa «MPOCBETOB», HE MOIYT MPOHN-
KHYTb Yepe3 06nacTb B3anmogencTensl. OHa ABNSETCS AN HUX «HEeNpo3payHoi». B
o06LEeM crydae, YEM MEHbLLE YaCTULbI-BOSHbI U «3HEepruyHee» (60sbLLE UX CKO-
POCTb), TEM «3HEPreTUYeckn NIoTHee» (C MEHbLUMM Pa3MepoM «NPOCTPAHCTBEHHO-
BPEMEHHbIX» «[POCBETOB») A0/IKHA ObITb 06/1aCTb B3aMMOAENCTBUS, CIIOCOOHAas nxX
YNOBUTb UM O0TPa3uTb. N HAOBOPOT.

OHeprus Npu eCTECTBEHHOM ABMXKEHUN-N3MEHEHUN PYKOBOACTBYETCS NPUHLUM-
NOM HaMeHbLLEro AeNCcTBUS, CNeacTBMEM KOTOPOro SBASIeTCS HAaUMeEHbLLEee Conpo-
TUBNEHNE €€ ABMXEHUIO-U3MEHEHNIO.

PykoBOACTBYSICb 3TUM NPUHLMNOM, S3HEPTUS NPU CBOEM OBUXEHUN-U3ME-
HeHUN BbIbepeT Hanbonee «nerkui» NyTb: NPU HANNYMK BHYTPU 0O6bemMa 30H,
CWJIbHO OTAMYAKWMXCS N0 3HEPreTU4eCckon NIOTHOCTU, OHA BbIOEpPET cpeay C
HaMMeHbLUEN ANa AaHHOro BUAA SHEPIMU 3HEPTreTUYECKOW MNOTHOCTLIO, a Npu
paBHOM NIOTHOCTN — Hambonee KOPOTKUA NyTb. DTO Hanbonee xapakTePHO Ons
NoObIX NINH3, BK/OYAss €CTECTBEHHbIE JIMH3bl U CO34aHHbLIE YEIOBEKOM JINH30-
Bbl€ aHTEHHbI.

®dopma o61acTn B3anMoaeincTema (Npv 4ocTaTouHOM A9 OTPaXKeHus, Norno-
LEHWS N1 NpenoMiIeHns COOTBETCTBYIOLLMX YACTULL-BOJIH MPOCTPaHCTBEHHO-BpE-
MEHHOW NIOTHOCTU) B peXnmMe ncnyckaHus onpeaenseT pacnpeaeneHme B3ammo-
LENCTBYIOLLIEN C HEW SHEPTUN.

YacTuubl-BOMHbI NMPY NaAeHUM Ha «HENPO3PaYHYO» A1 HUX MIIOCKYH0, BOTHYTYIO
W1 BbINykyio GopMy (oTpaxasiCb OT HEE MO NPUHUMIY: YroN NafeHns paBeH yriy
OTpaxeHus) MO0 NPOCTO MEHSIOT HanpaBieHe PacnpPOCTPaHEHNS, MO0 KOHLEH-
TPUPYIOTCA B ONpeaesieHHOM NPOMEeXyTKe NPOCTpaHCTBa-BpeMeHU, NMbo pacce-
nBatoTcs. Ecnn dopma «nonynpo3payHa», To 60/bLWNHCTBO YaCTULL-BOJIH NPOXOONT
CKBO3b HEE, MEHSASI COOTBETCTBYIOLMM 06pa3oM HarnpasieHne pacnpoCTpaHeHUs,
T. €. NPENIOMNISASACh.

®opma Hu ¢ pasmepom B0 B LENOM, HU C ero NJIOTHOCTLIO HANPSIMYIO He
B3anMocCBs3aHa. NNo3TOMYy UMEHHO OHa SIBNSIETCS TEM OTINYMUTESIbHBLIM NPU3HAKOM,
KOTOPbI cneayeT 3a/0XUTb B KQYECTBE OCHOBHOIO NPV NpeaBapuTesibHOM Noucke
AHaJTIONMYHbIX MO CBOMM CBOMNCTBAM aHTEHH, Tak Kak aHTEHHbl OQHOW 1 TOM Xe
dOopMbl, MMEOLLIME COBEPLLEHHO Pa3Hble abCoMOTHLIE, HO OAMHAKOBbLIE OTHOCU-
TeJSlbHble pasMepbl U OTHOCUTENbHYIO MIIOTHOCTb, OOHApPYXMBaloT, bnarogapst NoAo-
6uto dGopm, OANHAKOBbLIE BOSIHOBbLIE CBOWCTBA.

Ha npuHuune nogo6ust o0CHOBAHO, Kak M3BECTHO, MOAENMPOBAHNE aHTEHH (U HE
TOJIbKO @HTEHH), NO3BOJISIIOLLLEE ONPEOENSATb NX BOJIHOBLIE XapaKTEPUCTUKN, NyTEM
nccnenoBaHns 0aMHaKoBbIX N0 GOPME U OTHOCUTENBHOW MIIOTHOCTU, HO 3HAYNTESb-
HO MeHbLUNe mnn 6onbluve No abCcontoTHOMY pasmMepy mogenn. OamMHakoBble BOJI-
HOBbIE CBOMCTBA NPUCYLLUN, KaK M3BECTHO, aHTEHHAM 1 pa3Homr ¢popmbl. HO B 3TOM
cny4yae nogobpaTtb MOEHTUYHbIE MO OCHOBHbLIM BOJIHOBbLIM NMapamMeTpam aHanoru,
ropasgo TpyaHee, N03TOMY OrpaHMyYMMCS NMoka MNOMCKOM aHTEHH, NOA0BHbIX MO
dopme o0bnacT B3anMoaencTema.
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1.1.5. lNogpasgesneHne aHTEHH IO rpynnam B 3aBUCUMOCTHU OT popmMbI
obnacrtu B3aumogencrens

B 3aBucuMoCTN OT dopmMbl 061aCTV B3aMMOAENCTBUSA aHTEHHBLI MOXHO, YCI1I0B-
HO, NoApas3aennTb Ha TPU OCHOBHBLIE rpynnbl [1], [3]:

+  «JInHelHbIe aHTEeHHbI» (M1 HUTEBUOHbIE), 06NACTb B3aMMOOeNCcTBUS
KOTOPbIX NPEACTaBASAET COO0M NPSMYIO UM U3OTHYTYIO B BUAE TOW U MHOM HOpPMb
JIMHWIO («HUTb»).

[MonepeyHbi pasMep «HUTU» MHOFO MEHBLLIE NI COM3MEPUM, a OJIHA — COMU3-
MepumMa UM MHOro 60rbLLe pasMepa B3aMMOOEeNCTBYIOLWMX C HEN YacTUL,-BOJH. K
HUTEBWAHLIM @aHTEHHAM OTHOCATCS BUOPATOPHbIE aHTEHHbI, LUTLIPEBLIE, PAMOYHbIE,
crnvparbHble, U T.M.

+  «[loBepXHOCTHbIE aHTEeHHbI», 00/1aCTb B3aMOAENCTBMSI KOTOPbIX NPea-
CTaBnsgeT cOOOM NOBEPXHOCTb TOM UKW MHOW HOPMbI, BKIIOYAS MIOCKYIO, BbIMYKIYIO
1 BOTHYTYIO.

JInHeHble pa3mMepbl NOBEPXHOCTM COM3MEPUMBI UM MHOTO 6onbLue pa3mepa
B3aMMOAENCTBYIOLMX C HEN YacTULL-BOJTH. K «MOBEPXHOCTHBIM @aHTEHHAM» OTHOCST-
CS1 3epKaJibHble, PYNOPHbIE, aHTEHHbI MOBEPXHOCTHBLIX BOJIH U T.M.

+  «OObeMHble aHTEeHHbI», 001aCTblO0 B3aNMOOENCTBUSA KOTOPLIX ABNISAETCSH
06beM TOM NN NHOM POPMBI.

Bce nunHeriHble pa3mepbl Takoro o6bemMa coM3amMepuMbl UM MHOTo 6osblue pas-
Mepa B3anMOAENCTBYIOLLMX C HUM 4acTuL-BOSIH. K «<00beMHbIM aHTEHHaM» OTHO-
CATCS, HAaNpUMep, JIMH30BbIE AHTEHHbI.

Kpome 0aMHOYHBIX @HTEHH Pa3HbIX GOPM, UMEKOTCH MHOTO3JIEMEHTHbIE,
COCTOSLLVE U3 HECKOJIbKNX (U MHOXECTBA) OAVMHAKOBbIX 1 YNMOPSA0YEHHO pacro-
JIOXXEHHbIX HA IMHUWN, NOBEPXHOCTU NN B 06beme aHTeHH. OHK (MO NpUHLMNY pac-
NONOXEHNS COCTaBNSAOLLNX NX 3JIEMEHTOB) MOIYT ObITb TakKe€ OTHECEHbI K yKa3aH-
HbIM BbiWwe rpynnamM. K MHOr03/1eMEHTHBIM aHTEHHAM OTHOCATCS JIMHENHbIE, NJ10-
CKMe 1N NPOCTPAHCTBEHHbBIE AHTEHHbIE PELLETKN.

B npuHuune Bce 6€3 NCKIOYEHNSI aHTEHHbI ABNISIIOTCS MHOMO3/1IEMEHTHbBIMU, Tak
Kak abCoOTHO CMJIOLWHOW cpeabl B NPMpoAe He 06HapPYXXEeHO 1 YeNTOBEKOM He CO3-
naHo. Jliobas, kazanoch Obl, 0AHOPOAHAs cpena, COCTOUT U3 OTAE/bHbIX 3/IEMEHTOB
(aHepreTn4eckmx ynaoTHEHUI 1 pa3pexeHHOCTEN), 0O6pasyoLyx CBOEro poja
A4Yenkn. A4encTbliii xapakTep, Kak U3BECTHO, MMeeT U BcenenHasa B uenom. «Hutn»,
«MOBEPXHOCTU» N «0O0bEMbI» BYAYT OTHOCUTENIbHO CMJIOLWHbBIMUY TONBKO ANS TeX
4aCTUL-BOJIH, NPOCTPAHCTBEHHO-BPEMEHHbIE Pa3Mepbl KOTOPbLIX MHOIo 60bLUe
NPOCTPaHCTBEHHO-BPEMEHHBIX «MYyCTOT» U «MPOCBETOB», MMEIOLLIMXCS BO BCEX 9TUX
dopmax.

1.1.6. AHTeHHbI BeLjeCcTBEeHHbIe 1 NoJieBble, BUAUMbIE U HEBUANMbIE

OO6wmin B3rNsa g, Ha BCe CyLLECTBYIOLLEE Kak Ha YaCTuULbl-BOJIHbI, BBEOEHNE
0OLLLErO NOHATUSA 3HEPreETUYECKMX HEOAHOPOOHOCTEN TPEX OCHOBHbLIX POpPM (BbIMy-
KJIbIX, BOFHYTbIX U «MA0CKMX» [1]) 1 3HEpreTnyeckmnx NnpoCTPaHCTBEHHO-BPEMEHHbIX
napameTpoB JaeT BO3MOXHOCTb B TOW UM MHO Mepe pacnpoCTpaHnTb obme
CBOMCTBA BCEX BUAOB BOJIH (MHTEPdEPEHUMIO, AN pPaKLMIO, OUCNEPCUIO) N ABNTEHNS,
npucyLLme BCEM BMAAM BOJIH (OTpaXeHne, NpenoMIeHne, NorMoLLEHNE, NPOMNyCcKa-
HVe, PE30HAHC), Ha BCe CYLLLECTBYIOLLEE B HALLEM MMpPe. ITO NO3BOJSISIET CTEPETL
pasnunyne Mexay BelecTBeHHbIMU 1 nonesbimu 30 [1], [3], BKOYas BELWLECTBEH-
Hbl€ 1 MOJNIEBbIE @HTEHHbI, KOrga Te Uan nHble 30 BbICTYNAIOT B UX KAYECTBE.
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AHTeHHa, kak n nodoe 30, MoXeT ObITb 0Opa3oBaHa He TONIbKO U3 OTHOCUTESb-
HO MOKOSILLIMXCS YaCTUL, BELLLECTBA, HO U U3 MOCTOSHHO ABMXKYLLMXCS U U3MEHSIIO-
wmxcs yactuy, nons. MNpu 3TOM 1 BELLECTBA, 1 NOK, Kak 1 CaMWn aHTEHHbI, 00pa30-
BaHHbIE N3 HMX, MOIYT ObITb Kak BUOVMbIMUW, TaK U HEBUAUMBIMU. HO 1 «@HTEHHbI-
HEBUAMMKN» (MPWN JOCTATOYHON 4S5 ONpeesieHHbIX YaCTULL-BOJSIH OTHOCUTENBHOMN
NPOCTPaHCTBEHHO-BPEMEHHOM MJIOTHOCTU) A0/KHBI GOPMMPOBATL BIOJIHE Onpeae-
NeHHyto «[IH» B COOTBETCTBMU C X HOPMON 1 OTHOCUTENbHBIMU (B AJIMHAX BOJIH)
pasmepamm.

Mcxoas ns ckaszaHHoro Bhile, ntoboe 30 (B 3aBUCMMOCTM OT NapamMeTpoB ero
ob6nacTn B3aMMOAENCTBUS) CNOCOOHO Kak aHTEHHA B3aMOOEeNCTBOBATL C APYrMMMI
90, BbICTyNaoLWMMM A1 HEFO B KA4eCTBE YaCTULL-BOJIH, COBEPLLEHHO OnpeaesneH-
HblIM 006pa3oM. «MHoronnaHoBoe» B3anMoaeincTene HabnogaeTcs Toraa, korga pas-
Mep 4acTUL,-BOJIH MPUMEPHO COM3MEPUM C pa3Mepamu NpocBeTOB, a 06/1acTb B3au-
MOAENCTBUSA conamepmma (Unm MHOro 6osblle) B3aMMOAENCTBYIOLIMX C HEN
yacTuu-BONH. B aTOM cny4yae, kak npaBuno, HabawgaeTcs v NornoweHne, n otTpa-
XeHune, 1 npenomMneHne, n cBo60AHOE NMPOXOXOEHME.

NoeHTMdnumMpys NpupoaHbIe aHTEHHbI C Pa3HbIMU TUMOBLIMU @HTEHHAMM, CO3-
[AaHHbIMM YENIOBEKOM, COBEPLLEHHO He 0053aTesibHO, YTOObI OHM B MOMEHT UX pac-
CMOTpeHMUs BbIIN OEeNCTBYIOLWMMU, T. €. YNaBaMBanu Ui UCMNycKaam TOT UK MHOW
BUA, 3HEPIUM (HaCTULLbI-BOJTHbI ONMPEaENEHHOro Buaa n gmanasdona). lNMpupoaHsle
@HTEHHbI, Kak N aHTEHHbI, CO34aHHbIE Ye/I0BEKOM, AENCTBYIOLLMMN CTAHOBATCS NNLLb
TOrga, Koraa B OKPYXKaloLLEeM MX MPOCTPAHCTBE NOSIBUTCS (MK Ha Ux BxoAd, OyaeT
noaBefeHa) Ta 3HepPrus, KOTOPYKD OHM CMOCOOHbLI onpeaeneHHbIM 06pa3omM nepe-
pacnpenenutb (0TPasuTb, CKOHLEHTPUPOBATb, PaCCesATb UK, MOM10TUB, NPENo-
MUTb). Mpr 9TOM MX NOTEHUMANbHbIE aHTEHHbIE CBOMCTBA HE 3aBUCST OT HANMM4us
WM OTCYTCTBUS COOTBETCTBYOLWEN aHeprun. OCHOBHbIE CBOWNCTBA, BKoYasi pabo-
YU AnManasoH 1 XapakTeEPUCTMKU HaNpPaBieHHOCTN, ONPEeaEnsioTCs, B OCHOBHOM,
TeMUM NapameTpamu, 0 KOTOPbIX ObIIO CKa3aHOo BhILLE.

Llenbio gaHHOM, Kak 1 NpeabiayLmMx paboT, ABNSeTcs He AeTaNlbHOe paccMoTpe-
HME NPUPOAHLIX NPMEMO-NEPEaAOLVX YCTPONCTB B LLESIOM, a BCErO NMLLb NpUBNe-
YeHME BHMMAHNS COOTBETCTBYIOLLMX CNELMANINCTOB, K ECTECTBEHHBLIM U MCKYCCTBEH-
HbiM D0, cNOCO6HbLIM BbICTYNaTh B KAYECTBE aHTEHH, KOTOPLIE PaHbLUE Kak TakOBble
He paccmaTpuBannCb. ITO NO3BOJIUT CNELManMCcTam Nno aHTEHHON TEXHUKE (U He
TONbKO UM), ncxoas 13 noaodbus Gopm, OTHOCUTENBHOM MIOTHOCTM 1 Pa3MepPOoB, Mo
aHanornum c COOTBETCTBYIOLLMMM TUMOBLIMU @aHTEHHAMU ONpPenennTb, XoTs Obl Opu-
€HTMPOBOYHO, BO3MOXHbIN «paboyunii anana3oH» paccMmarpmeaembix 0, a Takxke
Hanbosee BEPOATHbIE AJ19 HUX CBOWMCTBA U NapameTpbl.

1.1.7. O6wynii B3rnsaa Ha HanpasJieHHbIe CBOVCTBa aHTEeHH

AHTEHHbI, CO3aHHbIE YeN0BEKOM, CNIOCOOHbI, yNnaBnmBas 3/IeKTPOMarHUTHbIE
BOJIHbI, MPUXOASALLME C PA3HbIX HAMPaBEeHUN, KOHLEHTPUPOBATbL UX B ONPeaeneH-
HOM MecCTe, Hanpumep, B pokyce napabononaa. A ncnyckasl, paccemBatb UX B HEC-
KOJIbKWX OMpeaeneHHblX HanpaBneHusax unu, NpenmMyLL,ecTBeEHHO, B O4HOM. B obuiem
cny4yae, OHM CrnocOoOHbI yNaBanBaTh U UCNYCKaTb 3HEPIMO B COOTBETCTBUE CO CBOM-
MW HanpaBfiEHHbIMY CBOMCTBaMM.

Ouarpamma HanpaeneHHocTu ([H), onpeaensiowas, xapakrep pacnpeneneHus
B MPOCTPAHCTBE QHEPIrUN, U3NTyHaeMOon (MPUHUMAEMON) aHTEHHOW ABNSIETCS OOHOMN
13 OCHOBHbIX XapPakTEPUCTUK HANPaBNEHHbIX CBOMCTB aHTEHHBbI. Tak Kak Ha pacnpo-
CTPAHEHME 3HEPTUM HYXXHO Kakoe-TO BpeMs, TO (npm cTporom nogxone) AH nomkHa
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onpenensiTb pacnpeneneHne SHEPrn He TOJTbKO B MPOCTPAHCTBE, HO 1 BO BPEMEHMU,
T. €. ObITb NPOCTPAHCTBEHHO-BPEMEHHOWN XapaKTePUCTUKONA.

MN306paxeHune npoctpaHcTBeHHoM H npeacTtasnsaeT coboi Hekni o6bem,
OrpaHuyeHHbI, B 00LLLEM CllyYae, HEKOW SHEPreTUYEeCcKOon NOBEPXHOCTbIO, KOTO-
pas MOXET UMETb HECKOJIbKO (M1 MHOI0) SHEPreTUYECKMX BbINMYKIOCTEN 1 BOT -
HYTOCTE — MaKCMMYMOB U MUHUMYMOB. HanbonbLumii MakCMMyM Ha3biBalOT
rMaBHbIM IENECTKOM, a OCcTaslbHble — OOKOBbIMU. ECnin cyuiecTByeT MakCUMyM B
HanpaBfieHMN, NPOTUBOMONIOXHOM MaBHOMY IENECTKY, TO €r0 Ha3bIBAKOT 3a4HNM
nenectkoM. JH xapakTepunayoT 0Obl4HO HOPMOI 1 LLNPUHOKN TMaBHOMO IenecTka,
a Takke YpOBHeM BGOKOBbLIX 1IEMNECTKOB U 3aaHero. [ns ynobcTea cpaBHeEHUs
06bl4HO Nonb3ytoTes H, HopMMPOBaHHOM OTHOCUTENIbHO HanbonbLero (rnaBHo-
ro) MakCuMyma 3Heprum, n3ny4aemMomn (MpMHUMaEemMOin) aHTEHHOM B Npeaenax
chepurnyeckoro TeNecHOro yrna.

C NOMOLLIbIO @HTEHH MOXHO He TOJIbKO UCNyCKaTb U yNaBInBaTbh 3HEPIUIO, HO U
ycunueatb (0cnabnaTb) MIOTHOCTb U3ly4aeMoro (Cuy NPMHUMaeMOoro) curHana B
onpeaeneHHbIX HanpasneHnsax (C onpeaeieHHbIX HarnpaBAeHnin), onpenensaTb
MECTOMOJIOXEHMNE NCTOYHVKOB 3HEPTUN U T. 4.

Mo HanpaBeHHbIM CBOMCTBAM aHTEHHbI MOAPA3AENSAIOT HA HEHANPAaB/IEHHbIE
(BCEHanpaBneHHbIE) U HanNpaBNeHHbIe, BKJII0Yas OCTPOHanpaBieHHble. HanpaBneH-
Has aHTeHHa (NP NPOYMX PABHbIX YCIIOBUAX) MSMEHAET MIIOTHOCTb MOTOKA SHEPImH,
n3nyyaemMon (MpUHMMaEeMON) B PasHbIX HANPaBieHUsX (C pasHbIX HaNpaBaeHUin).
HeHanpaBneHHble (BCeHanpaBneHHbIE) aHTEHHbI MMEIT cdhepuyeckyto popmy 1H, a
rMaBHbIN IENECTOK OCTPOHANPAaB/IEHHOM aHTEHHbI MEET HGOPMY Y3KOro Jyya.

CnocoBHOCTbL YCUNIEHNS SHEPIM B ONPEeAeNEHHbIX HanpaBieHUsX NyTemM CO3-
[aHNS y3KNX Ny4el NposBASIETCS, Kak M3BECTHO, B TOM CJly4ae, KOraa pa3mepsbl
a@HTEHHbI 3HAYNTENIbHO BoNbLUE ANMHBI BOSHbI. O4HAKO HanpaBAeHHOCTbIO, XOTS Obl
HebonbLWOKN, 06nagaeT nobas aHTeHHA, CKJIoYas BCceHanpasfieHHyto. Mpu aTom (B
COOTBETCTBUM C NPUHLIMMOM B3aUMHOCTN) HAaNpPaBfEeHHbIE CBOWMCTBA aHTEHHbI NPU
ee paboTe B pexvme nepeaayn n B pexmnme npuema ognHakoBbl.

AHanorom HanpaefEeHHbIX aHTEHH MOTYT CIYXWUTb Aaxe 6obluve NpeanpuaTus.
OHuM B cCOOTBETCTBUM CO cBOel [1H, onpenensemMori ceTblo TPAHCMOPTHbLIX CPEeACTB,
KOTOPbIMU MOJIb3YIOTCA X COTPYAHUKMW, YIABAMBAIOT N NCMYCKAIOT B KAYECTBE
4YaCTWULL-BOJTH JIIOAEN, YBENMYMBAS B YaCbl «MUK» MIOTHOCTb JTIOACKNX MOTOKOB B
onpeeneHHbIX HanpaeneHnsax. B gaHHOM cnyvyae peanmayeTca 1 NpUHLMN B3anM-
HOCTM — NOTOKM JIIOAEN 1 NPW yNaBANBaAHUN X MPEANPUATUEM, U MPU UCYCKAHNN
OyayT NPMMEPHO OAHM U Te Xe, HO HanpaBfiEHHbIE B MPOTUBOMOJIOXHbIE CTOPOHbI.

HanpaBneHHOe 1UcnyckaHme 4acTuL-BOSIH aHTEHHaMKM NO3BONISIET 6e3 yBenu4ye-
HUS MOLLIHOCTU nepeaarymka B AECATKU, COTHU, ThICSYM N JaXe MUIIMOHbI pa3 yBe-
JINYMBATb KOHLEHTPaLMIO YaCTUL,-BOJTH B ONPeneneHHbIX HanpasneHmsx u/mnmn 6es
YBEJINYEHNS YYBCTBUTENBHOCTU NPUEMHMKA YCUMBATB BO CTOJILKO X€E pa3 CUrHan,
NPUXoOsLLMIA C TEX Xe HarnpasneHuin, onpeaensemMblx JH. 3To e MOXHO cka3aTb U
00 eCTeCcTBEHHbIX @HTEHHAX.

MakcnmanbHO AOCTUXMMOE YCUIEHNE aHTEHH, CO34aHHbIX YETOBEKOM, Orpa-
HMYMBAETCHA 0ObIYHO TEXHOTOrMYECKUMIM hakTopamMn: TPYAHOCTbIO CO34aHUs
B3auMMOLENCTBYIOLLEN 061acT o4eHb 60NbLLIOr0 abCOMOTHOro pasmepa C
Heo6Xx0aMMOM TOYHOCTbIO U MIOTHOCTLIO. Mprpoaa Xe HUKaKMUX TEXHONOrMYeCcKnx
OrpaHuNyeHnin He 3HaAET N NO3TOMY CO34aeT aHTEHHbI HEBEPOSATHO B0NbLLIOrOo (Mo
yenoBevyeckMM Mepkam) pa3mepa, camoi padHoobpasHoi GopMbl 1, K TOMY Xe,
MHOIrOMYHKLVOHANbHbIE.
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EcTecTBEHHbIE @HTEHHbI, B KRYECTBE KOTOPbIX CNMOCOOHLI BbICTyNaTh Ntobbie 30,
ABNAOTCS, Kak NpaBuniio, COBOKYMHOCTbO 6ECKOHEYHOrO MHOXECTBA aHTEHH, Kaxaas
M3 KOTOPbIX B3aMOOENCTBYET C HacTULLAMU-BOJIHAMM ONMPELENEHHOro auanas3oHa.

MHorogpyHKUMOHaNBHOM 1 MHOFOAMaNa30HHOM aHTEHHOW CUCTEMON s
4acTUL-BOJTH pa3HOro BMaa 1 ananasoHa sBnsaetca n 3emMns ¢ ee MHOI04YNCIEeHHbI-
MW BHEPreTU4YECKUMM CIIOAMU Pa3HOM MIOTHOCTU, pa3peXeHHOCTAMU («NpocBeTa-
MW») U CrYCTKaMU («yNAOTHEHUSAMUN») SHEPTUN. AHANOMMYHON MHOTO(YHKLMOHANb-
HOW CUCTEMOW ABNSIETCS 1 YENOBEK.

MpuBeaeHHbIE Bbillie aHANOrMM KOCBEHHO NOATBEPXAA0T NPaBOMEPHOCTb
00LLLEr0 aHTEHHOIO NOAX04a K 3TUM U MHOXeCTBY Apyrux 90, BKOYasa 1 Takme,
KOTOPbIE B KQ4ECTBE aHTEHH HUKEM 1 HUKOIrOAa He paccMaTpmBannck. Tak Kak Kaxaoe
90 umeeT onpeaenexHHyio Gopmy, pasamMep M MNIOTHOCTb, TO Bce 30, kak eCTeCTBEH-
Hble, TaK U NCKYCCTBEHHbIE, NOA00HO aHTEHHaM, CO34aHHbLIM YeI0BEKOM, HGOPMUPY-
10T COBEPLUEHHO onpefeneHHbie [JH. V1 B COOTBETCTBUM C HUMMW B3aUMOLENCTBYET C
OKPY>XaloLLLEN Cpenoi B KA4eCTBE aHTEHHbI, UCNyckas (ynasnmeas) Te Uin UHble
4acTULbI-BOMHbI B ONpeaeneHHbIX HanpaBneHusx (C onpeaeneHHbIX HarpaBieHni).

1.1.8. O6wunii noaxon k AH

M3BecTHO, 4TO Nto60Ee NPOCTPAHCTBO, BKtoYast GU3NYECKUI BaKyyM, C TO UIn
MHOW NIOTHOCThIO 3arnoJIHEHO BELECTBOM W/UNK NONeM, Kak BUOUMbIM, Tak 1 HEBU-
OumMbiM. JTlobas aHepreTnyeckasa popma, Bktoyas GopMy BELLLECTBEHHOIO 1 nosne-
Boro 90, BHeceHHas B NioO0e NPOCTPaHCTBO (Kak 1 Ntoboe Teno, NorpyxXeHHoe B
BOAY), BUOAOU3MEHSET («MCKPUBNSAET») 9TO NMPOCTPAHCTBO B COOTBETCTBUE C COD-
cTBeHHOM [1H, nepepacnpenenss SHEPruio, 3anOIHAIOLLYIO JAHHOE NPOCTPAaHCTRO.
B pe3ynbrate 06pa3yloTcs HOBblE SHEPreTUYEeCKMe NOTOKN N HOBbIE 3HEPreTnye-
ckme GopMbl. DTN DOPMbI TYT Xe 3aMN0SNHATCS SHEPTrUEN, MMEIOLLLENCS B OKPYXXato-
wen cpene, 00 TeX Nop, Noka CUCTEMA HE NMPUAET B COCTOSHUE «CTATUHECKOr0»
n/Mnn «gUHaMNYeCKOro» paBHOBECUS, XOTS, CTPOro roBopsl, paBHOBECKE BCerga
ABNSETCSH ANHAMNYECKMM U OTHOCUTESbHBIM, Tak Kak BCe B HalLIEM MUPE HaxoamTCs
B COCTOSIHUM HEPABHOBECHOIO PaBHOBECUS.

dnarpammy HanpaBfeHHOCTU (B 06LEM Cydae) MOXHO paccMaTpuBaTth Kak
Hekylo, NpucyLLyto kaxaomy 90 Kak aHTEHHE NHAMBUOYaNbHYIO NPOCTPaHCTBEHHYIO
dopmy, cCo30aBaEMYIO UM BHE 3aBUCMMOCTU OT TOrO 3anofiHEHa N1 gaHHaa dopma
aHepruen nnu Het. MNMpu Takom noaxoae JH onpenenser nuwb NOTEHUMANBHYIO BO3-
MOXHOCTb 3arMOJIHEHMSA AAaHHOW HGOPMbl SHEPTUEN, a HE CaMy SHEPIUIO N HE €€ OBU-
XeHune. Ho kak Tofbko B okpyxatowemMm d0-aHTeHHY NPOCTPaHCTBE NosBnsieTcs (Mnu
K Hel No aHeproBoy NOABOANTCS) Ta 3HEPIrMs, C KOTOpon aaHHoe 30 cnocobHO
B3aMMOAENCTBOBATb KAk aHTEHHA, TO 9Ta dopMma 3anosiHAeTCca aHepruen. U toroa
90 13 NacCUBHOIO «kenesa» NPeBPaLLAeTCs B aKTUBHO AENCTBYIOLLYIO MPUEMHYIO
V/WUnn NepenaioLLyiO aHTEHHY, B3aUMOENCTBYIOLLYIO C COCEACTBYIOLLEN CPenomn
NnocpeacTBOM CryCcTka 3Hepruu, CoOoTBeTCTBYOLWEero no ¢opme ee AH. 10T crycrok
3HEepruu, B CBOIO 04EpPEedb, MOXHO pacCcMaTpmBaTb U Kak aHTEHHY ONpeaeneHHOn
dopMbl paamMepa 1 NA0THOCTU, CNOCOOHYI0 GOPMMPOBaATL CBOK MHOVBUAYASbHYIO
OH, nT A.

Ecnu e B 4aHHOM NMPOMEXYTKe NMpOCTPaHCTBa-BPEMEHM Kakoro-nnmbo snaa
3Heprum, cnocobHoO 3anoIHNTL AAaHHYIO «MyCTyo» [JH, HET, HO OHa CO BPEMEHEM
NosIBUTCS, TO 3Ta 3HEPIrUs pacnpeaennTcs B COOTBETCTBUN C MOAXOAALLMMMN ANS
Hee 1 coobLalLVMUCA Mexay CoOBOoM «MycToTaMu» (3HEPreTUYEeCKUMM BOTHYTO-
CTIMM), CNOCOBOHBIMYK ee NorMoTUTL. pyrMmMm cnoBamMmm, OHa pacrnpenenuTcs B
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COOTBETCTBUU C HanBUAyanbHoi AH, npucyweii paHHomy 90. U 310 He 3aBUCUT OT
TOro, C Kakon CTOPOHbI JaHHAs SHEPTUS «TEYET» — USHYTPU UK CHapyXxu. He 3aBu-
CWUT 3TO 1 OT TOr0, SABNISIETCA N1 AaHHas SHEPrus, Kak, BNpo4vem, u camo 90, Buan-
MOW N1 HEBUAMMOMN.

[vnoresa: Jlio60e D0 MOXET BbICTYNaTh B KAYE€CTBE aHTE€HHbI (M1 COBO-
KYNHOCTU O€CKOHEYHOro MHOXXECTBa aHTEHH), CMOCOGHOW ylaB/IMBaTb U KOH-
LLeHTPUPOBaTh, UCNYCKaTb U pacCenBaTb YaCTULbI-BOJIHbl TOIO UJIU MHOTO
Buaa v ananasoHa. Mpu aTtom cospatotcs HoBble D0, Ppopma KOTOPbIX onpe-
aensetca OH «poputeneii». BHoBb cosaaHHbie 30 MOryT, B CBOIO o4epeab,
CNYyXuUTb aHTeHHamu, ¢popmupysa H ansa yacTuu-BONH Apyroro Buga n/mnm
Anana3oHa, uT. A.

MpocTpaHcTBEHHOE n3obpaxeHne H cpaBHUTENBHO NPOCTbIX aHTEHH MO
dopmMe aHaNOrM4yHO MHOMMM XOPOLLO U3BECTHLIM BUANMbBIM BELLECTBEHHbIM HOP-
MaMm, Bkto4as U GopMy HEKOTOPbLIX aHTeHH. [JH 6onee CNoXHbIX aHTEHH MOXOXW
(B OCHOBHOM) Ha MHOr0JIENECTKOBbIE LUBEThI M NpeacTaBnsaioT cobon cBOero
poAa pacnpenenntesnibHyl0 CETb — CETb 3HEProBOA0B, ONPELENAEMYIO IENEeCTKa-
mun OH.

Bce nonvBoyHble yCcTpolicTBa, paboTas B Ka4eCTBE MCMyCKATeNs SHEPrnmn B
BUAE BOAbIl, PAaCApPEenensiioT €€ B COOTBETCTBMUN C GOPMUPYEMON KaxKabIM 13 HUX [JH.
HekoTopble N3 HMX CNOCOOHLI paccenBaTb BOAY MO KPYry, Apyrne — B onpeneneH-
HOM CeKTOpe, a TPETbU, BpalaloLMecs, NpeacTaBnsaoT coboi CBOero poaa noka-
TOop. Mpr HEOBXOOMMOCTN MOXKHO CO34aTh B ONPeneNeHHOM HanpaBieHNN N OCTPO-
HanpasfieHHyo [JH — ny4, HanpasmB TyAa TOHKYO, HO MOLLHYIO CTPYIO BOAbl. U yem
TOHbLUE (Yy>Xe) ByaeT aTa cTpys, TeM 6onbLUe ee JanbHOCTb AencTens. OCHOBHOE
pasnuyve mexay aHTEHHOM 1 yKa3aHHbIMU YCTPOMCTBAMM COCTOUT JIMLLb B TOM, YTO
Ha 3/1eKTPOMAarHUTHbIE BOJIHbI, AN paboThl C KOTOPbLIMU NpeaHa3HayYeHbl aHTEHHb,
CO3[aHHbIE YENTOBEKOM, 3EMHOE MPUTSXKEHUE NPAKTUYECKN HE OKa3bIBAET BANSHUS.
[MosTOMY €ro MOXHO HE y4MTbIBaTb. A Ha Kanenbky BOAbl (M BCe ApYyrne «MaccuB-
Hbl€» YaCTULbI-BOJIHbI) — OKa3bIBAET BECbMa CUJIbHOE 1, 324aCTyl0, ONpenensio-
wee. NNoaToMy He y4nThiBaTh €ro, Kak NpPaBuio, HENb3S.

®opma JH 1 «NnpoTsXXeHHOCTb» (OTHOCUTENbHAsA JaNlbHOCTb AENCTBMS) ee
OTOENbHbIX IENECTKOB, onpenensgemasi, B OCHOBHOM, KOHKPETHOM HPOPMOM 1 OTHO-
CUTENbHLIM Pa3MepoM 1 NIOTHOCTLIO 06/1aCTV B3aUMOAENCTBMS 06pa3yloLLEero ee
90, 3aBUCUT TakxXe 1 OT NPOCTPAHCTBEHHOW OPUEHTALMN BOJIHBI (Monspu3aunun), ot
TUNa camoii BOSIHbI U MHOroro apyroro. OgHako aTn dakTopbl Ha NepBOHaYaIbHOM
CTaanun NONCKa aHasIOrOB MOXHO HE Yy4YUTbIBaTb.

1.2. Mouck TNNoBbIX aHaJ/IoroB

1.2.1. OcHOBHbIe 3Tanbl NOUCKa

AHanorv Bcem TUNOBbIM aHTEHHAM MOXHO HATN Kak cpean ecTecTBeHHbix 30,
BKJ1IO4As YENI0BEKA, TakK U CPeau PasHbiX UCKYCCTBEHHbIX KOHCTPYKLMIA, CO30aHHbIX
4YesIOBEKOM HE OJ1S1 aHTEHHbIX Lesen.

MoeHTndurkauys NnpnpoaHbIX aHTEHH, U3YYEHUE KOTOPbIX TOJIbKO HA4YMHAETCS, U
NCKYCCTBEHHbIX (HE @HTEHHbIX) KOHCTPYKLUNA, T. €. BCEX CAMOCTUNHBIX aHTEHH,
AHTEHHAMM He Ha3blBaEMbIX, C QaHAJIOMMYHbIMM TUMOBLIMW aHTEHHAMM, HA3BaHHbLIMU
Tak 4YeNIOBEKOM M3Ha4YanbHO, MO3BOIUT, Kak y>e Obl10 ckasaHo, NPUMEHUTb K HAM
VMeloLLMecs 3HaHUS U3 061acTn aHTEHHOW TeXHUKM. HO CaMOCTUIHbIE aHTEHHBI,
0COOEHHO eCTECTBEHHbIE, ABNAIOTCS, Kak NpaBuniio, COBOKYMHOCTbIO 6ECKOHEYHOIO
MHOXECTBA aHTEHH, KaXaasa N3 KOTOPbIX BBaMMOAENCTBYET C HaCTMLAMU-BOJSTHAMM
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onpeneneHHoro gmanasoHa. 3To CyLeCcTBEHHO 3aTPYAHSET NOMCK aHanoros, a
YNPOCTUTb EF0 MOXHO TOJIbKO MyTEM MCMOJIb30BaHMS ONpeneneHHoi CUCTEMBI.

B npouecce novcka TMNoOBOr0 aHTEHHOIro aHasnora assi Toro UM NMHOrO KOH-
kpeTHoro 90, paccmaTprMBaeMOoro B KQ4eCTBE aHTEHHbI, MOXHO BOCMOJIb30BaTLCS
cneayloLwen nocnenoBaTenbHOCThIO!

Ha nepBoi aTane, pykOBOACTBYSACH NPEAJIOKEHHBIM PAHEEe Noapas3aeieHneEM
@HTEHH Ha «JINHENHbIE», «[TOBEPXHOCTHbLIE» N «0ObEMHbIE», OTHECTU AaHHoe J0 k
onpeneneHHon rpynne aHTEeHH.

Ha BTopom 3aTane, ncxoas n3 KOHKpeTHon popmbl 30 (ecnm 3ToO MHOro-
anemMeHTHoe 30, TO cHavyana HyXHO paccMoTpPeTb GOPMyY OTAENLHOMO OAHOPOAHOIO
9NIEMEHTA), HANTW aHaNOrM4HyI0 GOPMy CPEeaN aHTEHH, CO34AHHbIX YENTOBEKOM. [1pun
3TOM abCOJIIOTHO TOYHOIO KOHCTPYKTUBHOIO Noaobus paccmatpmBaemoro 30 v ero
TUnNoBoro cobpata He TpebyeTca. Menkue getanun, pasamep KOTOPbIX MHOIO MeHbLLE
pabo4eit AfMHbI BOJIHbI, 0COO0ro 3Ha4YeHUs HE UMEIOT.

Ha TpeTtbem aTane, ncxons n3 abCconioTHbIX pa3MepoB 1 abCOJIIOTHOWN NIIOTHO-
CcTu obnactun B3anmogencteua 30, cnenyeTt onpenennTb C KakMMK YacTULaMn-BOJI-
HaMM N Kak MMEHHO OHO CNMOCOOHO B3aMMOOEeCTBOBATb B KAYECTBE aHTEHHbI (KOH-
LeHTPMPOBaThb, paccenBaTtb, OTpaxarb, Nornowartb, NpenomMnaTs). HanbonsLumi
VMHTEpEeC NPeacTaBnsioT Te BUAbI 1 Anana3oHbl HaCTULL-BOJIH, C KOTOPbIMU JaHHOEe
90 cnocobHo B3anMoaencTBoBaTb HAMOOIEE CUNBHO.

Ha yeTBepTOoMm 3Tane cpean TUNOBbIX aHTEHH, CO3AaHHbIX YEJIOBEKOM, Cleay-
€T HaNTW aHTEHHY, aHaNornyHyto paccmatpnesaemomy 30 He TObKo No HGopMe, HO U
no pasmepy, U No MNIOTHOCTU (aBCONOTHBLIM UM OTHOCUTENbHBLIM).

UpeHTudukauma camoCTUNHbIX aHTEHH M0 rpynnamM 1 Tmnam npMBeneHa B
[3], roe (nns npuMepa) Ha3BaHa NuLLb Manas 4acTb CAMOCTUNHBIX @HTEHH KaX a0
rpynnbl, Tak Kak NePeYncnnTb Bce Nx BECKOHEYHOE MHOXECTBO He NpeacTaBfseTcs
BO3MOXHbIM.

B ocHOBY ngeHTudurKaumMoHHOro novcka 3anoxeHa popma, Tak Kak MMEHHO OHa
(BHE 3aBMCMMOCTM OT NPMPOALI N MecToHaxoxaeHnsa 90) onpenensieT, Kak yxe
OblN0 cka3aHo, MHOrne obLMe BOSIHOBLIE CBOMCTBA. OTO AAET BO3SMOXHOCTb, XOTS
Obl YaCTUYHO, PACMPOCTPAHUTbL 3HAHUSA MO aHTEHHOM TEXHMKe (CHaYana B BUAE rmno-
Te3) Ha gpyrue obnactu, BkaoYas G1Monornio, aCTpoOHOMMUIO, SO0epPHY GU3NKY,
XUMWIO, apXUTEKTYPY 1 Op.

Mpw 61N3KOM KOHCTPYKTMBHOM «POACTBE» aHANOroB B TOW UM MHOM CTENEHU
COBMNaayT U X BOJSIHOBbLIE XapakTEPUCTUKW, B HACTHOCTU, paboynii omanasoH n
HarnpaBfIEHHbIE CBONCTRA.

Ecnu aHTeHHbl M OEHTUYHBI HE MO aBCOMIOTHBLIM, @ MO OTHOCUTESIbHBIM (B ANTMHAX
BOJIH) 3HAQYEHUSM pa3mepa 1 NI0THO-
CTW, TO paboynii Ananas3oH AOJIXeH ObITb
rnepecymTaH B COOTBETCTBUM C KO3DPU-
LMEHTOM MOAENMPOBAHNS (YMEHbLLEH
WM YBENIMYEH B COOTBETCTBUM C PA3HU-
uer B abcontoTHbIX pasmepax). Mcnonb-
30BaHMe Npu NOMCKE HE TONbKO TOYHbIX
KOMUIA, HO TaKXe UX YMEHbLUEHHbIX NN
YBENNYEHHbLIX MOAeNen, 3Ha4nTeNbHO
pacLmpsieT NOMCKOBOE MNoJe.

Heobxoanmo oTMETUTb, 4TO OAHO U
T0 xe 30 MOoXeT B3auMOLENCTBOBATb C
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3HEeprvsaMmn pasHoro Buaa u paboTatb B HECKONLKUX AMana3oHax, BeICTyrnas npu
9TOM B KQ4E€CTBE HECKOJIbKMX aHTEHH Pa3HbIX TUMOB.

Enb, Hanpumep,Kak 1 MHOre apyrme XBOnHbIE AePEBbS, OTINYAETCS CTPOro yro-
PSOOYEHHBIM PACTONOXEHNEM HE TOJIbKO UIoS1I0K, HO U BETOK, 06PasyoLLMX HECKOSTbKO
AAPYCOB (YPOBHEN) pa3Hoii BennumHbl. Jllobasa BeTka 60sbLIEro pa3sMmepa SABASIETCS Kak
Obl yBENIMYEHHOW MOAENbIO Ooniee MmaneHbknx. Bece BeTKM B LenomM 06pasyoT 00LLyto
KPOHY, KOTOPas y MHOIMX XBOWHbIX AEPEBLEB MMEET NPaBUIIbHYIO KOHYCOOOPa3Hyo
dopmy. Nicxoas n3 CTPOEHNS €1, MMEIOLLLEN NPAaBUIIBHYIO KPOHY, MOXHO NPeanono-
XWUTb, YTO «BUOpPATOpaMm» CaMblX ManeHbKUX BETOYEK CNYXaT UroJIoYKKN (CM. puUC.,
cneBa, BBepxy). OHM paboTaloT Ha caMblX KOPOTKMX YacTuLax-BosiHax. Bubpartopamu
BETOK Kaxkaoro cnenytowero (6onbLuero) pasmepa siBAsi0TCS BETKU NpeablayLero
(MeHbLUero) paamepa. Moatomy enb gomkHa paboTark C YacTULAMU-BOSIHAMU HEC-
KOMbKVX AMana30HOoB, TaKk Kak UMEET HECKOJIbKO aHTEHHbIX CUCTEM (BETOK Pa3HOro
YPOBHS1), OTNINYAIOLMXCS pa3MepoM BUOPATOPOB. DTN CUCTEMbI HANOMMUHAIOT MHOTO-
39/IEMEHTHbIE NTOrONEPMOAMNYECKNE aHTEHHBI. ENb B LETOM MOXHO paccMaTpuBaTth Kak
KOHYCOODOPa3HYi0 LUTLIPEBYIO aHTEHHY, MAKCUMYM U3Ny4EeHNSI KOTOPO MOXET ObliTb
Hanpas/ieH BOOJIb OCY KOHYCa, T. €. BBEPX. YTO KacaeTcs BUO0B 3HEPTUN, KOTOPbIE
enb (NoA06HO TOM UKW NHOW TUMOBOWM @aHTEHHE) UCMYCKAeT UK NOMMOLAET, TO UMEHHO
3TOT BOMPOC U MOXET CTaTb NPeAMETOM COBMECTHOIO U3y4eHNss OMOJIOroB N aHTEH-
wmkoB. Ho yxe ceivyac MOXHO yTBEpPXOaTb, YTO BCe NpeactaBntenm gaopsbl «paboTa-
I0T» C BELLLECTBEHHLIMU (B YACTHOCTW, BOAHbIMMW), ra30BbIMU (YITEKNCHbIN ra3, KUCNO-
poa v Ap.) n 9NeKTpoMarHUTHbIMU (COTHEYHbIN CBET) BUAAMM 3HEPTrUiA. [NpMeEpPHO TO
K€ camMO€e MOXHO cKasaTtb 1 0 npeacTaBmTensx payHbl, BKIO4as Yyenoseka. Ecnu
NCXOOUTb U3 CaMblx 0BLMX COOBPaXKeHUn, TO camas ASIMHHAsS BOMTHA A0JKHA ObITb
NPMMEPHO COM3MEPMMA C Pa3MEPOM OEPEBA U C ero POCTOM YBENMYMBATHCA, PACLLM-
psis ero pabounii gmana3oH B CTOPOHY 6oJiee AJIMHHbIX BOJSIH. XBOWHbIE AEPEBbS, Kak
M3BECTHO, 06/130at0T GUTOHUMOHBIMU 1 MHOTUMW, NMPUYEM OYEHb CUSTbHBIMU, Leneb-
HbIMM CBOMCTBaMM, Kak Npu XU3HW, Tak 1 NOCNE CMEPTU pacTeHns. BO3MOXHO, 4TO
O0nbLUON Anana3oH BO3AENCTBUS MHOMX XBOMHbLIX AePEBLEB ONpenensieTcs nx
LIMPOKMM paboynm gmana3oHoM, a bosnblias uenebHas cuna siBnseTcs cneacTemem
VX CUJTbHBIX PE30HAHCHbIX CBOCTB — CMNOCOOHOCTbLIO BbICTYNATb B KAYECTBE «KaMep-
TOHa», HACTPaMBAIOLLEr0 OPraHM3M Ha onpeaeneHHbI pUTM paboTbl HE TONBKO B 3BY-
KOBOM Apmanas3oHe, HO 1 BO MHOMMX OPYruX.

1.2.2. PacwunpeHne nonckKoBoro nosns

MownckoBoe None MOXET ObITb PACLUMPEHO, ECNM B KA4ECTBE BO3MOXHbIX aHa-
JIOroB paccMaTpuBaTh HE TOJIbKO BELLECTBEHHbIE HGOPMBbI, HO 1 NMOJIEBLIE, & TaKXe
1CcKaTb OANHAKOBbIE N0 GOPME MOAENN HE TONIbKO B MPOCTPAHCTBE, HO 1 BO BPEME-
HU. Mpr 9TOM MOXHO MOLENNPOBATb HE TONIbKO MPOCTPAHCTBEHHbLIE NAapaMeTpbl
(pasmep 1 NAOTHOCTb), HO M BDEMEHHbIE ()KU3HEHHbIV Nepuo), T. €. CPaBHMBATb HE
cTaTnyeckme, a JuHaMmmn4eckue (MPOCTPaHCTBEHHO-BPEMEHHBIE) MapamMeTpbl.

Mpw 06bIMHOM Noucke, Nnoabupas aHanorm ¢ 0 AMHaKOBLIMU NapamMeTpamm,
HeobxoaMMO 4TOObI 3TV NapaMeTpbl COXPaHAINCb OTHOCUTENBHO CTabUbHBLIMU B
BbIOpAHHOM AJ151 CPaBHEHNS MPOMEXYTKE NPOCTPaHCTBa-BpemeHn. OgHako B peasb-
HOM MUpe abCconTHOM CTabubHOCTM He HAabNDAAeTCH, Tak Kak UBMEHSAeTCs BCe,
npuyYeM ¢ pas3HoOW CKOPOCTbLIO, 3aBUCSLLEN OT ASIUTENIbHOCTU XXM3HEHHOI 0 nepuoaa.
Ho wn3HeHHbI nepuof ogHMx 30 MOXET ANUTLCH MUNMapapl NeT, a Apyrux —
NCHYNCNATLCS O09MU CEKYHL, (M MeHbLUEe). No3ToMy 1 HE06X0OMMO MOLENVPOBAHNE
HE TOJNIbKO B MPOCTPAHCTBE, HO 1 BO BPEMEHMN.

203



AHTEHHbI, MUP 1 Mbl. YacTs I

[MpocTpaHCTBEHHO-BPEMEHHOE MOAENMPOBAHME NO3BONSET HAXOOUTb U CPaB-
HVBaTb aHANIOrMYHble 0OBLEKTLI U MPOLECCHI, MO-Pa3HOMY «PaCTAHYTbIE» HE TOIbKO B
NPOCTPaHCTBE, HO N BO BpeMeHU. Mpun HabnioaeHnn aHaIorMYHOro, HO PacTsHYTOroO
BO BPEMEHM, NPOLIECCa MOXHO HabnaaTh ero 6onee geTanbHO U Aaxe yBUOETb
dopmMmnpoBaHue 1 HanosnHeHne aHeprueit [1H, o6pa3oBaHHO BeLLECTBEHHbIMU U
BMOJIHE BUOMMbIMUW 3JIEMEHTAMU, KOTOPbIE MOXHO pacCMaTpuBaTh B BUAE YaCTULL-
BOJIH.

B kayecTBe Takoro npoLecca MOXeT BbICTynaTb, HANpUMep, NpPOLECcC pocTa
pacTeHus, GopMMPYIOLLErO B TEYEHNE BCEV CBOEN XN3HU [1H B BUAE BELLLECTBEHHOMN
1 BUOVIMOW HEBOOPYXXEHHbIM 1a30M KPOHbI. A KPOHa, BbICTYNasi, B CBOIO O4epep, B
KayeCTBE aHTEHHbI, UCMYyCKAeT B OKPY>XXaloLee NPOCTPaHCTBO HEBNAMMBIE YaCTULLbI-
BOJIHbI KUCIOPOAA, 3anaxa 1 Ap. B COOTBETCTBUM C NPUCYLLEN AaHHON kpoHe IH. B
TEYEHNE XN3HU PACTEHNS €r0 KPOHA NPETEPNEBAET MHOXECTBO U3MEHEHNN. [103TO-
MYy NMpY pacLUMPEHHOM NOVCKE aHANI0roB CAEAYET y4nTbiBaTb U Hasy XNSHEHHOIO
nepuoaa, T. e. MOAENMpPoBaTh 1 BpeMsl. Bce TO e camoe OTHOCUTCS U K HENOBEKY,
Kak, Bnpoyem, n K ntodomy 30.

BBeneHve ans Bcero cywecTByoLwero obuiero noHatus 30, sHepreTU4yecknx
BOTHYTOCTEW, BbIMYKJIOCTEN U MSIOCKOCTEN, a Takke 0O0bearHeHMEe OCHOBHbLIX Napa-
METPOB NOA4 €ANHBIM NPOCTPAHCTBEHHO-BPEMEHHLIM «darom», BKO4ass MO4ENN -
pOBaHME MO BPEMEHU, MO3BOINT MPUMEHUTL K BELLLECTBEHHBIM TEJIAM YXE UMEIO-
LMECSH 3HAHMS O MONSX, a K NOJIIM — 3HAaHWS O BELLECTBEHHbIX TENAX, UMEKLUX
PasHyo NPOAOIKUTENBHOCTb XU3HEHHbIX MEPUOAOB. A 9TO, B CBOIO 04EpPenb, MOXET
NPUBECTU K O4EPEOHOMY HAYYHOMY CKauKy.

KocBeHHbIM NOATBEPXAEHNEM CMNPaBEAIMBOCTM CKAa3aHHOIO SBASIETCS UAEH-
TUYHOCTb HOPM (BELLECTBEHHbLIX M NMOJIEBLIX) MPEACTABUTENEN «MUPOB» PA3HOMN
MIOTHOCTU M pa3HOro MacwTaba, KOTopbIX, NPY XeNaHNN, MOXHO HaT OECKOHeY -
HOE MHOXECTBO. W MMEHHO 9TO npeanaraeTcs caenatb CneumanncTam pasHbix
obnacTeli Haykn. Ho aTo, ckopee Bcero, 3aayv anekoro oyayuiero. A B TEKYLLEM
HaCTOSLLLEM NPUOETCS OrpaHnyInTbC paccmoTpeHnemM 90 B KA4ECTBE @aHTEHH, y4n-
TbIBasi TOJIbKO CTaTMYECKME NapamMeTpbl, HO PacLUMPUB, O4HAKO, rPaHMLbl MOMCKOBO-
ro NoJsis 3a CYET BKIIIOYEHNS B HEMO MNOMEBLIX Y APYIVX HEBUOMMbIX HEBOOPYXXEHHbLIM
rnaszom 30, «NPOoXKMBaIOLMX» BO BCEX TPEX «MMpPax» (B MMpe aToma, kKocMoca 1 B
HaLWeM NOAJSTYHHOM MUPE).

CnpaBepMBOCTb PACCMOTPEHUS BELLLECTBEHHbIX U MOJNIEBbLIX, BUOUMbIX 1 HEBU -
Anmbix 30 B Ka4eCcTBe aHTEHH yOeauTenbHO NoATBEPXAAETCS NPU U3Y4EHUN KOCMO-
ca. Habniogas kKocMn4eckoe NpoCcTPaHCTBO HEBOOPYXEHHbIM rna3oMm, Mbl BUAUM, B
OCHOBHOM, TOJbKO «Tefia» — camMble 6oNbLUNe N NIOTHbIE CrYCTKM aHeprun. OgHako
BOOPYXXEHHbIM MMa30M Mbl MOXeM HabnogaTe N HEBUOVMbIE PAHEE «MOJIS», OKPYXKa-
IoLMe gaHHbIE Tena.

911 nonsg 06pa3oBaHbl Kak U3Jly4eHUEM, KOTOPOE «MNPOSIBNSETCA» (CTaHOBUTCS
BUAMMbBIM) TOJIbKO NpY n3y4eHnn BceneHHom B onpeaeneHHoM gruana3oHe BOJH
(vHdpakpacHoM, ynsTpadroNeTOBOM, PEHTIEHOBCKOM U T. A.), TaK U BELECTBEHHbI-
MW MNbINIEBLIMM YACTULLAMM U MalbIMU KOCMUYECKUMU Tenamm, 6onee MenKMmMm no
CPaBHEHUIO C paHee BUANMbIMU.

B pamkax gaHHor paboTbl paCCMOTPEHO JMLLb HECKOJIbKO aHTEHH, @aHTEHHAMM
He Ha3blBaeMblX, HO CMOCOOHLIX BbICTYNaTb B X KayecTse.
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FnaBa 2
AHTEHHbI, aHTEHHaMM He Ha3biBaeMble

2.1. CamocTuiiHble aHTeHHbI Pa3HbIX «MUPOB»

Mo npouncxoxpeHuto Bce 30, MOXHO NoapasaennTb Ha ABe rpynnbl: UCKYC-
CTBEHHbIE U ECTECTBEHHbIE. [lepBble, CO3aHHbIE YENOBEKOM AJ19 CaAMbIX PA3HbIX
uenei, cnocobHbl (Npy onpeneneHHbIX YCI0BUSX) CAMOCTUNHO BbINOMHATL PYHKUMN
AHTEHH 4axe B TOM CJly4ae, ECIM U3Ha4YarnbHO OHW A7 9TOro U HE NpeaHa3Hava-
nnce. BTopble, co3pgaHHble camoit Mpupoaoii, Takxke CNnocoOHbI BICTYNaTh B Kaye-
CTBE CaMOCTUMNHbIX aHTEHH, XOTS MX OCHOBHOE NpeaHa3Ha4veHve Npupona packpsbl-
BaTb HE CMELUNT.

EcTtecTtBeHHble D0 no MacluTabHOCTM MOXHO NoApPasfennuTb Ha TPU KaTeropum:
MUKPOMMPA, 3EMHbIE U KOCMUYECKME.

K nepBbIM OTHOCATCS BCe obuTaTenn HEBMOVMMOIro HaM MMKpPOMMpPa, NpeacTa-
BUTENEeN KOTOPOro (aaxe Hanbonee «3HAMEHUTLIX») B «JINLO>» HE 3HAET He TOJIbKO
nogasnsiowee 60NbLLMHCTBO JIIOAEN, HO N y4EHbIE, XOTS M U U3BECTHbLI CBOIACTBA
HEKOTOPbIX N3 HUX. OHM OT @HTEHH APYrNX «<MUPOB>» OTINHAIOTCH TEM, YTO UX TOYHAs
KOHCTPYKLUMS, Kak NpaBuio, noka Hem3eecTHa. [1oatomy ngeHtuduumposaTtb X ¢
TUMOBLIMW @HTEHHAMU MOXHO JIMLLb MO UX CBOMNCTBAM, YTO 3HA4YNTENbHO TpyaHee. B
CBS13U1 C 3TUM N3 BECYNCNIEHHOIr0 MHOXECTBa obuTaTenen MMkpomMmpa Mol B fasb-
HelLweM paccMOTPUM 30eCb BCEro NNLb ABYX: Monekyny 6enka 1 aTom.

Ko BTOpbIM — BCe «CyObekTbl» M 0ObEKTbI, «MPOMNUCaHHbIE» HA 3EMHOI MOBEPX-
HOCTU N B6NM3KM Hee (B NoOA3EMHOM, HA3eMHOM 1 HaA3EeMHOM CIoe), BKto4as BCex
npeacTaBuTenei 3eMHo Gnopbl 1 dayHbl, a TakXe eCTECTBEHHbIE 06pa30BaHNS U3
BOAbl, 3€MHOW KOPbI, BO3Ayxa 1 ap.

K TpeTbuM — BCe Tena KocMUYeckoro maclutada.Takoe xe nogpasaeneHne
MOXHO COXPaHUTb, paccMaTpmBasi ectecTBeHHble 90 pas3HOro YpoBHS Kak aHTEHHbI.

OaHUM 13 OCHOBHbIX TPEOOBaHMI, NPEAbLABASEMbIX HETOBEKOM K OONBbLUMHCTBY
CO3[4aBaEMbIX UM aHTEHH, ABASETCH KOHLEHTpaLMs B OnNpeaeneHHoOM NpoCTpaH-
CTBEHHOM CEKTOpe YrNoB He MeHee 50% aHeprun, NoABOANMON K aHTEHHE. [pyrum
— OTHOCUTENbHAA NPOCTOTA KOHCTPYKLMM 1 Masnas CTOMMOCTb U3rOTOBJIEHUS], 4YTO
obecneyrBaeTCs UCMNOSIb30BAHNEM NPOCTbIX U/WUNU CTaHOAPTHLIX AeTaNen 1 y3nos.

Mpupogaa, B OTANYME OT YENOBEKA, TAKNX OrPaHNYEHUIA HA CBOM TBOPEHUS HE
HaknagbiBaeT. [03TOMY ee aHTEHHbI, HECoM3MepuMo 6onee padHOObpasHbl U MHO-
rodyHKunoHanbHbl. OHM MOTYT MMETb HE TONIbKO MEHEE CTaHOAPTHbIE reoMeTpuye-
ckme GopMbl, HO U MHOXECTBO O0MOJIHUTENbHbIX AeTanen. OgHako gaxe 6ernoro
CPaBHEHWS NCKYCCTBEHHbIX @HTEHH C ECTECTBEHHbLIMM BMNOJIHE JOCTATOYHO, YTOOLI
MOHSATb, YTO MHOTME ECTECTBEHHbIE «COOPAaTbsl» aHTEHH, CO3aHHbIX YE/TIOBEKOM, HE
TOJNIbKO OKPY>XXAKT HAC CO BCEX CTOPOH, HO CYLLECTBYIOT M HA HAC, U BHYTpW Hac. A
Mbl, IBNISIICb U CaMU B LLEJSIOM (M MO 4YacTaM) aHTEHHaMM, He NMPUBLIK/IN Ha3blBaTb
aHTeHHaMU HU cebsi, HN UX.

Tak kak CaMOCTUNHBIMW aHTEHHAMU, BEPHEE, COBOKYMHOCTbIO MHOXECTBA
aHTEHH, aBnseTcs GakTNYECKN BCE OKPYXaloLEee Hac, Kak MCKYCCTBEHHOE, TaK 1
€CTECTBEHHOE, TO PACCMOTPETH AaXE KPOLLEYHYIO UX YaCTb HE NMPeaCTaBASETCS
BO3MOXHbIM. [103TOMY fanee ¢ no3muym aHTEHH KOPOTKO PACCMOTPEHO JMLLIb HEC-
KOJIbKO MCKYCCTBEHHbIX POPM, CMOCOOHLIX BbICTYMaTb B KAYECTBE CAMOCTUINHbIX
aHTEHH. /13 MHOXECTBA eCTECTBEHHbIX aHTEHH BalLEMYy BHUMaHUIO NpeaiaratTcs
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[Ba npencTaBUTeENss MMKPOMMPaA — Morsiekyna 6esnka u atoM. 3eMHble ECTECTBEHHbIE
aHTEeHHbl NpeAcTaB/eHbl TONIbKO OTAENIbHbIMU aHTEHHAMU U3 JINYHOIO «@HTEHHOIrO
X034McTBa» caMoro 4yenoseka. Kocmuyeckue — obbektamu Handornee TUNnYHom ongs
kocmoca dopmbl.

2.2. UckyccTBeHHble popMbl KaK aHTEHHbI

2.2.1. UckyccTBeHHble O6beKTbl, aHTEHHaMU He Ha3bIBaeMble

Bce nckyccTBeHHbIE (BELWECTBEHHBIE U MONIEBbIE) GOPMbI, KAK 1 ECTECTBEHHbIE,
ABNSIOTCS aHTEHHAMM Pa3HOro BUAa, AaXe B TOM Cilyyae, €C/iv Mbl X HUKOrga
AHTEHHAMU HE CUYUTANM 1 HE Ha3biBanu. Huke paccMOTPUM BCErO NLLIb HECKOJTbKO
13 HUX, B MEPBYIO O4EPEdb, TE, HA KOTOPbIE YKa3blBAE€T HAM HapOoaHas MyApOCTb.

Ceeya (Mnv apyro oTKPbITbIA OFrOHb, BKJIKOYAs OFrOHb MNPV CXUraHUM BETOYEK
MOXCKEBESIbHMKA) N3O PEBSIE NCMNOJIb3YETCH HAPOAOM AJ1F OHULLLEHUS MOMELLLEHNS OT
«3/1bIX AyxoB». Celyac Takoe o4YMLLEHNE PEKOMEHOYIOT U MHOTME «HETPAOULIMOHLLM-
Kn». [ToCMOTPUM Ha 3TOT 06bIYali C NO3ULMIA OOLLLE PaAUOTEXHUKM N aHTEHH.

M3BeCcTHO, 4TO B OOLIYHOM NiAMEHW, BKJIOYas Naamsi CBeYM, O4eHb MHOIO
MOHOB — 4aCTuL, KOTOPbIE MOXHO pacCMaTpuBaTh Kak MUKPO-aHTEHHbI. [1oaToMy
ropsuias ceeva gaxe paspsxaeT anektpockon. OuuniieHne cBe4oil MoOXeT ObITb CBSA-
3aHO C NOMOWEHNEM MUKPO-aHTEHHAMM CBEYU (MOHAMW) YaCTUL,-BOJIH TOrO AmMana-
30HAa, KOTOPbI COOTBETCTBYET 3/1bIM MbIC/ISIM, EC/TV OHU B BUAE MNOJIEN MMEIOTCS B
JAHHOM MOMELLEHNM, A TO YTO Pa3HbIM YYBCTBAM COOTBETCTBYIOT ONPEAENEHHbIE
OJIVHbI BOJTH, MOXHO CUYMTaTh yXXe AokadaHHbIM. CBeva, BUavmo, npeobpasyeT nx B
TEMnJ0 N caxy. ATo KOCBEHHO NMOATBEPXAAETCS TEM, YTO MPU BbINOSHEHUN OAHHOIO
obpsiga, cBeva nHorga noTpecknBaeT M HAYMHAET YaauTb, YTO CHMTAETCS NPU3HAKOM
HaNNYMS HEraTMBHbIX MONEN U UX HEMTpPanM3aummn.

3epkano yrnomMmHaeTcst BO MHOMMX HapOoAHbIX MOBEPbLSIX.
Yem e BbI3BaHO K HEMY CTOJIb MOBbILLEHHOE BHUMAHUE?

M3BecTHO, 4TO Ntobas 3epkasibHas NMOBEPXHOCTb, BK/IlOYas
NOBEPXHOCTb 0ObLIYHOrO 3epkana, CoO34aHHOIr0 YETOBEKOM, CIMO-
cobHa BbICTyNaTb B KAYECTBE OTpaxartess oas TeX Un NHbIX
BUAOOB N AMana30HOB SHEPI U, BKITIOYAS 9N1EKTPOMArHUTHbIE
| BOJIHbI CBETOBOIO AnanasoHa. [103TomMy OHa ABNSEeTCH TMNnY-
HOW aHTEHHOW 3€PKasibHOro TrMna 1 NCNOJIb3yETCS NO CBOEMY
NPSMOMY HA3HAYEHUIO HE TONIbKO YENTOBEKOM, HO 1 BCEMMU
BUAAMU NPUPOSHBIX U3yYeHMN. Hanpumep, 3epkanbHOCTb
TBEPAOM NMOBEPXHOCTU HALIEro 3€MHOrO LWapa NposBsSeTCs B
OCHOBHOM Ha OJIMHHbIX N CPEOHUX BOJIHAX N YMEHBLUAETCS C YKOPOYEHUEM AJINHbI
BOJIHbI, KOr4a HEOOHOPOAHOCTM MOBEPXHOCTM 3EMJIM CTAHOBSATCS C HEW COU3MEPU-
MbIMW.

3epkanbHOCTb BOAHOM MOBEPXHOCTU, Kak BCEM N3BECTHO,
pacnpoCcTpaHsaeTcs gaxe Ha BOJHbI CBETOBOrO AnanasoHa. B
3epkano BOOOEMOB NIIOOSAT CMOTPETLCS rOpbl, AepeBbs, 0Onaka
¢ v 38e3apbl, JlyHa u ConHue. M3BecTHO, 4TO 3epkanbHas MoBepX-
£ HOCTb NO3BOJMIAET CO3AaThb 3EPKASIbHOr0 ABOVIHMKA, BKIIOYAs 1
& [1BOVIHMKA aHTEHHbI. DNeKTpUYeckre NapaMeTpbl peanbHo
AHTEHHbI N ee 3epPKasibHOro ABOMHMKA UAEHTUYHbI. [pn nx
COOTBETCTBYIOLLLEEM B3aIMHOM PACMONOXEHNN KO3DDULINMEHT
YCUJIEHUS B HANPaBEHNM OT 3epkasia MOXHO yaABOUTb. B coOTBETCTBME C MpUHLN-
NnOM B3aMMHOCTM 3TO CApaBeA/IMBO KakK A9 pexmnma npmema (ynasamBaHus), Tak n
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Ona pexuvma nepegayu (ncnyckanHms). [lga sepkana, pacrnosioXeHHbIe Nog, yriiom
OPYr K Apyry, 9BASOTCHA TUMMYHON YrosIKOBOW 3epKanbHON aHTEHHON. Takas aHTeHHa
MOXET YBENNYUTb KOIMYECTBO 3E€PKasIbHbIX ABOMHNKOB B HECKOJIbKO pas.

«CBeT MOW, 3epkabLie, CKaxW...» MPUHATO FOBOPUTbL BO BPEMS rafiaHns B HOUb
nepen PoxpecTtesoM. MNonpobyem onpeaennTb, CTb M B TaKOM rafiaHum XoTs Obl
KaKOW-TO CMBbICII.

[na ragaHuns, Jaue BCero, MCNosnb3yloT UCKYCCTBEHHbIE 3epKana, MMeloLme
npeKpacHyo oTpaxkaTesbHYt0 CNOCOOHOCTb Ha BOSTHAX CBETOBOIro Avanasoxa. [lga
Takux 3epkana, yCTaHOBJIEHHbIX MO, YIIOM APYr K APYrY, Kak y>e 6bl10 Cka3aHo,
ABNSIOTCSH TUMNYHOW 3€PKaNTbHOW YrofKOBOW aHTEHHOW, KOSPDULMEHT yCUNEHNS
KOTOPOW Npu ONTUMasbHON YCTaHOBKE NEPBUYHOIo 06ydaTens n JocTaTtoqyHo 60sb-
LUIMX OTHOCUTENbHbIX (B A/IMHAX BOJIH) pasMepax 3epkana onpenensercs, B OCHOB-
HOM, YIJIOM pacTBOpa 3epkKall, YBENYMBASCh C €ro ymeHbLlieHneM. [osTomy Ha cee-
TOBbIX U BAN3KUX K HUM BOJIHAX Takas aHTEHHA MOXET MMeTb 04eHb B0JbLUO KO3d-
dnumeHT ycuneHus, a ee JH npencrtasnseT coboii Beep, pacnosioXeHHbI BepTu-
KasbHO.

Mpw ragaHmn n3 gByx 3epkan 06pasyioT UMEHHO TaKylo aHTEHHY, a NepPBUYHbI
n3nyyaTtenb — CBEYY CTaBAT MeXAy HUMU. HapogHas MofBa rnacut, 4TO BO BPEMS
ragaHnst Heo6xoANMMO CKOHLEHTPUPOBATLCSA MbICIIEHHO (Jly4lle — NPy MOMOLLM
Mbicneobpa3sa) Ha TOM BOMpPOCe, OTBET Ha KOTOPbLIM Xo4eLlb nony4mTb. U Toraa B
3epKanbHOM Kopuaope B Buae 06pa3os («KapTUHOK») MOIYT MOSIBUTLCS OTBEThI HA
3a[aHHble BONPOCkl. MOryT OHU NPpUATU 1 B BUAE CMOHTAHHO BO3HUKLLEN B FOJI0BE
MbIcnn. [TocMOTpKUM Ha Takoe ragaHune ¢ no3nuuin PagnoTEXHUKN N aHTEHHOW TEXHU-
KW.

Kak yxe 6bl510 cka3aHo, cBeYa SBASieTCs UCTOYHUKOM OYEHb LUMPOKOro auana-
30Ha BOJIH, KOTOPbIE MOTYT C/Y>XUTb HECYLLIMMIK YacTOTamu, a ABa 3epkana, pacno-
JIOXXEHHbIE NOA, YINIOM APYr K APYrY, SBASIOTCS TUMNYHOW 3epKanbHOW YyroikOBOM
AHTEHHOWN.

YronkoBas 3epkasnbHas
aHTeHHa cnocobHa MHOrokpaT-
HO YCUIUTb HE TONbKO MUCMy-
CcKaeMmblli 1 ynasnMBaeMblil €10
CUrHas, HO U CaMO KOJIMYECTBO
CBEYENn, T. €. YBENNYUTb BO3-
MOXHOCTb CBA3U. Henosek,
CUadaWmnin nepen 3epkanom,
3agaBasi BCJ/yX UM MbIC/IEHHO (06pa3HOo) TOT UK MHOM BONPOC, UCNyCKaeT
BOJIHbI ONPEAENEHHON AJIVHbI, T. €. MOAY/IMPYET HECYLW,ME YaCTOThbl, U3NTy4aeMble
cee4yoii. C KemM nnm ¢ 4eM Mbl MOXXEM MNPV 3TOM YCTAHOBUTbL CBA3b, CKka3aTb TPya-
Ho. Ho, ckopee BCero, Mbl CNOHTaHHO OyaeM B3aMMOLENCTBOBATL C TEM, KTO (Mn
4YTO) HAXOOMTCS B NMJOCKOCTUN PacnonoxeHusa seepHon H gaHHOW 3epkanbHOMN
AHTEHHbI, N, UMES TE XEe HECYLUVE YaCTOTbl, MOXET HACTPOUTbLCS C HAMU B PE30-
HaHC.

BeposaATHOCTb TOro, YTO M MOXET 0Ka3aTbCH «CYXEHbIN» (UIN «CyXeHast»),
BeCbMa Benvka. Ecnu cyxeHniin (CyxxeHast) ABNSeTCA TeM YENOBEKOM, J1I060Bb C
KOTOPbIM MOXET ObITb B3aMMHOWN, TO ero pabounii AmanasoH AO/IXEH B OCHOBHOM
coBnazaTb ¢ pabo4ymmM AnanasoHOM TOro, KTO XOYET CBOEro CYXXEHOro yBMaeTb. [103-
TOMY MM Jierye BOMTU B pe30HaHC. Ecnn BCce 9TO Tak, TO HUYErO HEBEPOSATHOIO B
TakoM ragaHum HeT. OgHako TakuMm 06pPa3oM MOXHO YCTaHOBUTL CBA3b U C YeNoBe-
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KOM, CNOCOOHbLIM BOWTU B PE30HAHC TOJbKO B O4EHb Y3KOW Nosiocke paboyero
[uanasona, a Asis NosIHOro c4acTbs HEOOXOAMMO CoBNageHme ero 6onbLUEN YaCcTu.

M3noxeHHoe Bblllle 06bSICHEHME ragaHuio (B BUae npeanonoxeHus) obi1o gaHo
B [1] 8 2004 r., a BO BpemMs HanncaHusa gaHHon kHurm (2008 r.) nosiBunmcb coobLue-
HWS O TOM, YTO YXe CO34aHbl UM CO30a0TCS MCKYCCTBEHHbIE TEXHUYECKME YCTPON-
CTBa, NO3BONSAOLIMNE YCTAHABMMBATb MbICIIEHHYIO CBSI3b, K&K C 3/1€KTPOHHBIMU NpU-
6opamu, Tak 1 C NOAbMU.

MNoxenaHve nobpa (1 3na) Npy NOMOLLM 3epKana Takke 3adprKCMPOBaHO B
HapOOHOW NamMsATU.

CwurHan, oTpaxeHHbIn Jaxe oT 04HOro NiI0CKOro 3epkana, kak yxe Oblno ckasa-
HO, MOXET ObITb YCU/EeH B ABa pa3a. [109ToMy HanpaB/ieHHOE Ha 3ePKasio MbIC/IEH-
Hoe (MK Mblcnieobpa3Hoe) N3NyYeHne, HecyLee onpeneneHHyo nHbopmaumio, Kkak
MOXyto, Tak M XOPOLUYIO, OTPAXAeTCs OT HEro TakXXe YCUNIEHHbIM, ecnn 3Ta UHGOopP-
Mauus n3nyyaeTcs B TeX AmanasoHax BOJH, AJ1 KOTOPbIX 3epkaso SBASeTCS XOpPOo-
WM oTpaxaTesem, B HaCTHOCTM, B CBETOBOM AMana3oHe 1 Npunerawmx K Hemy
yacTtoTax. OTpaxeHHoe, NpMYeM yCUNeHHOe, Noe, Hecyllee JaHHYo MHdopMa-
LIMOHHYIO NPOrpaMmmy, MOXEeT NPUHSATL ( CO BCEMW BbITEKAIOLLMMM MIOXUMN NN
XOPOLLUMMU NOCNeAcTBMAMK) NtobOoI, KTO NonageT B 30HY AENCTBUSA AaHHOMO U3nyde-
Hus. CnepoBaTtesibHO, CTOUT NPUCYLLATLCS K HAPOAHOM MYAPOCTUN, KOTOpas roBO-
pVT HaMm, 4TO O4YeHb NOJIE3HO CMOTPETL Ha cebs B 3epkarno, nobysck coboli, 1 O4EHb
BPEeOHO AenaTb 3TO, AyMas Nniaoxo kak o cebe, Tak 1 0 APyrnx, NOTOMY YTO TakuUM
006pa3oM MOXHO «HaKONAO0BaTb>» (YCUNUTL) Nioxoe. HapogHasa MyapocTb rOBOPUT n
0 TOM, 4TO, yX0A4s U3 omMa, cnenyeTt NOCMOTPETh Ha cebsl B 3epkasio U MbICNIEHHO
NnoXxenaTtb BCEro XopoLlero n aomy, 1 cebe.

3akpbiTVe 3epkal, Koraa B IOMe NEeXNUT NOKOWHWK, ABNSeTcsa obblyaem, npu-
wenwrm K Ham Takke 13 rnybokoii gpeBHOCTU. MNonpobyem 1 ero 06bLACHUTL C
NO3uLUUIA COBPEMEHHBIX 3HAHUI.

B0O3MOXHO, YTO «TpPYMHble» NONSA-NPOrpaMmMbl, U3NTyHaeMble MEPTBbLIM TEJIOM,
noao0bHO TPYNHOMY sS4y, BpeOHbl A5 XUBbIX OpraHn3amMoB. Mpu oTcyTCcTBUN 3ep-
Kan OHW, N3ny4vasachb, 3aTyxaloT, a NPy UX HaNAN4YUK CrocobHbl HE TONLKO OTpa-
XaTbCH Ha3a, B MOMELLEHNE, HO N YCUIMBATbLCS, YTO MOXET 0Ka3aTbCs BPEAHbIM
Ons xmBbix. Kpome TOro, 3epkano, ycunme, MOXeT caenaTb BUONUMbIM MONEBOW
daHTOM yMepLlero 4yenoBeka, U3Jsly4eHHbI UM B MOMEHT CMEPTU, 4YTO, ecTe-
CTBEHHO, CMNOCOBOHO ncnyraTb okpyXxatowmx. NoaTomy 3epkana 1u cnegyeT 3akpbl-
BaTb.

«[MpaBnna TexHmkn 6e30NacHOCTM», KaK CreayeT U3 CkasaHHOro Bbllle, HE0OX0-
OMMO cobnoaaTth He TOSIbKO NPY ragaHnm, HO 1 Npu NtloboMm B3rNsaae B 3epkaso, Tak
Kak OT 3epKarna C YCUJIEHMEM MOTYT OTPaXXaTbCs HE TOJIbKO «XOPOLUME», HO U «J10-
Xne» 3HepronH@popMaLnoHHbIe MO, CNOCOOHbIE HAMOOee CUNBHO HaBPeanUTb
TOMY, KTO UMeeT B CBOEM apCeHaJsie aHanornyHble NporpamMmei.

«3aKk0na0BaHHbIE» 3epKania — 3TO, CKOpee BCero, He Mud, a CyLLecTByloLLas
peanbHOCTb.

Ecnu 3epkano cnocobHo ynaBnmMBaTb U UCMYyCKaTb MPUHATYIO UM MHDOpMaLnO
B TEYEHME JOCTATOYHO ANIUTENIbHOIO BPEMEHU, TO «3aKONA0BaHHbIE» 3epkana, BO3-
MOXHO, CTanun KOraa-To CBUAETENSMU COObLITUIM, CONMPOBOXAAIOLLMXCS O4EHb CUJIb-
HbIMM 3MOLMOHaNIbHLIMW BbIBpPOCaMM, KOTOPbIE AaHHbLIM 3epKasioM Oblv akKyMysn-
poBaHbl. CusbHbIE 3MOLUMM 0ObIYHO CBSA3aHbI CO CTPALLHLIMW NpecTynaeHnsaMmu. Moa-
TOMY NONIS-NPOrpamMmsl, NU3lydaemMble BNOCNEACTBUN TakKUM 3epkanoM, Kak npasu-
110, BNSIIOTCA HEraTUBHbLIMU.
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Jlyqwiaqa 3awmTa oT npremMa BpeaHbIX 3HEProMHGOPMaLMOHHBIX Nonen —
yncToTa COOCTBEHHbIX MOMbLIC/IOB, Tak Kak Jito6b0oe aHTEHHOe YCTPOWCTBO B CUIy
NPUHUMNA B3aUMHOCTU, O YEM Y>XE HanoMnHanocb, Hanbonee xopoLLo ynaBanBaeT
Te BOJIHbI, KOTOPbIE CAMO CNOCO6HO uUcnyckaTtb. M 4yem cunbHee ncnyckaTtenbHas
CNOCOOHOCTb Ha Kakmx-n1Mbo BOJSIHAX, TEM CUJIbHEE N NOMNOTUTENbHAsA CNOCOOHOCTb
Ha TeX Xe CaMblX BOSIHAX, NMO3TOMY:

CmMmoTpuTECh B 3epKaJio Kak MOXHO Yawe, HO... aymaiite npy 3TOM TONb-
Ko 0 xopowem. HanonHaitte Baw co6¢cTBeHHbIi JOM u Becb MUP ceBeTnbimn
M YNCTbIMU NOMbICTIaMu (Mbicnedopmamun)!

PuTtyanbHbie (v opyrme) Macku, y30pbl, OPHAMEHTbI TAKXE SABAAIOTCSH aHTEHHA-
MU, MPUYEM CPEAN HUX MOXHO HANTU O4EHb MHOIO TUMOBbLIX @HTEHH.

M3BEeCTHO, 4TO HEKOTOPbLIE NNEMEHA, Hacenaowme ADpuKy, a Takke KOPEHHbIE
XUTENU AMEPUKN — MHAENLbI LUMPOKO MCNOJb3YIOT PUTYasibHbIE MACKK, BKITHOHAS
HapPWMCOBAHHbIE, MPUYEM HE TOJIbKO Ha N1uE, HO 1 Ha Tene. NpuMepHO Takxe NocTy-
natoT W WamMaHbl. He4To nogobHOE NPUCYLLE 1 YrONIOBHMKAM, a Takke NPOCTbIM
NoBUTENAM TaTyMPOBKU, YNCSIO KOTOPLIX CeAYac CUbHO YBENMYUIOCL. MHorne na
HUX 3aMEHSIOT TaTyupPOBKY PA3PUCOBKOM Tena A0JIF0 HE CMbIBAEMOI KPACKOW.

M BCcemM aTuUM nogam cnegoBano 6bl 3HaTb, YTO Ta UKW MHAsA TaTyMpoBKa Mn
PUCYHOK MOXET MNPUHECTU VX BNAAEbLY HE TONbKO NOMb3y, HO U Bpen. [1oaTtomy Kk
BbIOOPY POPMbI 1 LIBETA PUCYHKA, HAHOCMMOTrO Ha COBCTBEHHOE TENO, CneayeT nog-
XOANTb BECbMa OCTOPOXHO W CO 3HaHWEM gena. ATo, BUANMO, XOPOLLIO N3BECTHO,
adpukaHuam n NHAEeNLAM, Tak Kak Kpaco4vHbI€ y30pbl, KOTOPbIE OHM HAHOCKAT Ha
CBOIO KOXY MO TOMY U UIHOMY CJly4alo, BECbMa CUJIbHO OTINYAIOTCS Kak MO PUCYH-
Ky, Tak 1 rno uBeTy. Hanpnmep, Mackn BOMHOB, BCTYMMBLUMX HA TPOMY BOVHbI, UMEIOT
SIPKO BbIPAXXEHHbIN arpeCCUBHbIN XapakTep.

PrcyHok macku, kak 1 nioboro apyroro y3opa, SBAseTCa aHTEHHOW, aHanorny-
HO NtOBOW aHTEHHE, BbINOSIHEHHOM MO NMPUHLUMNY NeYaTHOM CXeMbl 1, ECTECTBEHHO,
CNOCOOHO He TOJIbKO NOornoLwaTb-NCnyckaTb S3HEPIUIO TOro N MHOTO BUaa u
[uanasoHa, Ho, 3a4acTylo, 1 yCunBeaTth ee. ITO XXe MOXHO cka3aTb 06 y3opax u
OpHaMEHTax, NPUYEM 3HAYEHNE UMEET HE TOJIbKO X GOpMa, HO 1 LBET.

OO6Len3BecTHO, YTO pasHble LBeTa No-pasHOMY NOMIOWAOT 1 OTPaXaloT S/1ekK-
TPOMarHuUTHbIE BOJIHbI. B 4aCTHOCTK, 9TO OTHOCUTCS K BOJIHAM CBETOBOIO AManaso-
Ha, 0N KOTOPbIX YEPHbIN LBET ABNSETCA MPEKPACHbLIM NOrNoTUTENEM, a 6enblii —
HA0OOPOT O4EHb XOPOLLO NX OTpaxaeT. Ho 810, ckopee BCEro, B TOW WX MHOM Mepe
OTHOCUTCS U K OpYyrvM BUgam un ananasoHam BoJH. [loaToMy cnegosano 6bl 6onee
Cepbe3HO NoaxoaAnTb K BbIOOPY LiBETA BCEr0, YTO BAC OKPYXXAET, U 4YTO Bbl HOCUTE Ha
cebe, BKOYas oaexnay, ykpalleHus N Maknsx.

Opexpa, yKkpaweHus, MakusaX, B 00LLLEEM Clly4yae, BCe, YTO Ha YeSIOBEKE
0JETO N «HAPUCOBAHO», XOTS U HE «BMUCAHO» B €ro TesIo, MOXET ObITb MPUYNCIIEHO
K ero JIM4YHbIM «aHTeHHaM». Ml 3T aHTeHHbl CNOCOOHLI HE TOJIbKO YCUNMBATb U
ocnabnatb OENCTBUE «@HTEHH», 3a/IOXKEHHbIX B YenoBeka Npupoaoi, Ho u, paboTtas
CaMOCTOATENIbHO, 0Ka3blBaTb HA HErO BECbMa CUJIbHOE BO3OENCTBUE.

Kaknmn aHTeHHaMu ABASETCS TO, YTO Mbl HOCUM, 1 TO, YTO Mbl Ha cebe «pucy-
€M», Ka&XAbI MOXET ONPEfEnnTb CaM, €CNv CPABHUT UX C aHANOrMYHbIMKU N0 popme
TUMNOBbIMW @aHTEHHAMU, CO34AHHBLIMWN YET0BEKOM. NHOWNCKOE capu, Hanpumep,
npeacTaBnsieT cobon cnmpanbHO-LUUIMHOPUYECKYIO aHTEHHY, YanMa — CrnvpasibHO-
cdepuyeckyto, a Korga-To MOAHbIE ASIMHHbIE I0OKN C KPUHONMHAMN — KOHUYeckue
pPYNoOpHble aHTEHHbLI. MaknsxX — 3TO HAPUCOBAHHbIE aHTEHHbI, MOA0OHbLIE aHTEHHAM,
M3roTOBJIEHHLIM MO CNOCOOyY NevyaTHbIX cxeM. VCKYCHBI Maknsix, kak NU3BECTHO,

209



AHTEHHbI, MUP 1 Mbl. YacTs I

NO3BOJISIET Jlerye BOMTU B COOTBETCTBYIOLMIA 0O6pa3d He TOJSIbKO apTUCTY, HO 1 00bIY-
HOMY YenoBeky. Hanbonee cunbHO OH «paboTaeT», ECNU HE NPOTMBOPEYUT COO-
CTBEHHOMY 06pasy, a, CK/laablBasiCb B «Pe30HAHC» C HAM, YCUIMBAET Hanbonee
XxapakTepHble 01 AaHHOro YesloBeKa YepThl, Kak XxopoLume, Tak u nnoxme. OgHako
NPV «@HTUPE30HAHCE» UX MOXHO 1 0CnabnsTb.

YKpalleHus, KOTOPbIE Mbl HOCUM, BKJIIO4ast CEPbIv, KONbLA, OXEPEbS, TaKKe
cnyxart aHTeHHaMn. B 3ToM MOXeT yoeanTbCs KaXabli, KTO CPpaBHUT GOpMY CBOMX
yKpaLWeHWn C TUNMOBLIMY aHTEHHAMM aHanorn4yHom dopmel. Bee 1o xe camoe OTHO-
cuTcs 1 K obeperam. AHTEHHO (kpecToobpa3Hoi) aBnsaeTcs 1 KpecT. [pu cpaBHe-
HUM HEOOXOAMMO MOMHUTL O TOM, YTO AJ1S NONYyYEeHN BIN3KNX XapakTepPUCTUK TOY-
HOro coBnageHust GopMbl U pasmMepa He TpebyeTcs.

MmaBHOE B ogexae, YKpalleHNsIX N PasyMHOM MaKUSXXe 3ak/i04aeTCs B TOM,
4yTOObI YCUINTb OCTOMHCTBA 1 0CNabuTb HEAOCTATKWN, NPUYEM HE TONbKO dusnye-
CKune, HO 1 AiyXOBHble, yCUNnBasi unm ocnabnss npMemM-uanyyeHmne COoTBETCTBYIO-
wmx nonen nporpamm. Noatomy n ogexny, U ykpawleHus, n Makusx cnegyeT noa-
6upaTb, NPUHMMAsA BO BHUMaHME WX aHTEHHble XapakTepuctuki. Ha npmuem onpe-
[EeNeHHOoro aManasoHa BOJIH HanpaefieHa He ToNbKo ¢dopMma, HO, Kak yxKe Obl10 cKa-
3aHo, 1 UBEeT, BK/toYas GopMy pUCyHKa TKaHu 1 uBeT ogexapl. CneanyeTt NOMHUTb U O
TOM, 4TO Npu coBnagawLen Gopme, pasaMepe n matepmane HanpasfieHHbIE CBOMN-
cTBa 1 paboune amManasoHbl aHaNOrMYHbIX KOHCTPYKLMI COBNaaatoT.

TUNOBbIE MHOIO3JIEMEHTHbIE KOHCTPYKLUN — 3TO MHOIO3/IEMEHTHbIE
aHTeHHble pewweTkn. K HUM OTHOCATCS NtoOble KOHCTPYKLMKW, CO3OaHHbIE YETOBEKOM
ONs1 caMblX pasHbIX Lenen, BKovatowme B cebs ynopsaodeHHble Habopbl 0auMHaKo-
BbIX 3JIEMEHTOB.

OT0 1 goMa ¢ MHOFOYUCIIEHHBIMU YNOPSAO0YEHHO PACMONIOXEHHBIMU OAMHAKO-
BbIMW OKHaMMU, 1 YNLbl, COCTOSLLME N3 YNOPAO0YEHHO PACMOIOXEHHBIX JOMOB,
BbIMNOJSIHEHHbIX MO OAHOMY M TOMY Xe NPOEKTY, U MHOIFO€, MHOIro€e Apyroe, Bkyas
3abopbl. KcTtatn, B nocnegHee BpemMsi 3a60pbl BAOJIb OXMBEHHbIX TPACC BCE Yalle
CTPOSIT C Y4ETOM aHTEHHbIX CBOWNCTB, @ UMEHHO, B BUAE BOrHYTON MOBEPXHOCTU, KOH-
LEHTPUPYIOLLIEN N OTpaXKaloLLEe 3BYKOBbLIE BOJIHbI B Hanbosee «b6e3onacHoe» nNpo-
CTPaHCTBO.

CyuwiecTByeT crneumanbHas Hayka (BUaeo-akonorus), kotopas paccmartpusaeT
APXMUTEKTYPHbIE POPMbI C TOHKM 3PEHUS, YTO «XOPOLLO» U YTO «MJIOX0» OJIS rnas.
Ecnn npoaHannsupoBaTth, «4TO TaKO€ XOPOLLO M YTO TaKOE MA0X0» MO MHEHUIO
BUOEO-3KOOroB, TO MNOJIy4AETCs, YTO «XOPOLINUMWN» NS a3 CHMTaTCs pa3Hoo6-
pasHble 1 o6TekaeMble GOpPMbl, a «MIOXUMKN» (CTPECCOrEeHHbIMMW, arPECCUBHBIMU) —
dopMbl ¢ 6OMbLLMM KONIMYECTBOM OAUHAKOBLIX M YNOPSA0YEHHO PACMONOXEHHbIX
NPSAMOJIMHENHbBIX WUJIN YITIOBbIX 3IEMEHTOB.

«[noxmne» ons ras (a Toabko nn gnsa mas?) Gopmbl — 3TO GAKTUHECKM MHOFO-
9N1EMEHTHbIE aHTEHHbIE PELLETKM, CNOCOOHbIE CO3AaBaTb y3koHanpaeneHHblie JH ¢
OrPOMHbLIM KOJIN4ECTBOM OOKOBbIX JIENECTKOB, T. €. C PE3KO 1 CUJIbHO N3MEHSIOLLMM-
CS1 YyDOBHEM NCIMyCKaeMom 1 (Mnu) norfoWwaeMom MU SHEPIUU, YTO MPUBOOUT K
PE3KOMY U3MEHEHNIO YPOBHS QHEPI N B 30HE UX OENCTBUS N MOXET OTPMLATENBHO
CKa3blBaTbCS HA CaMOYyBCTBMW 1 300POBLE NMOAEN (U HE TOJBbKO UX).

«Xopowwue» ansa rnas (o6TekaemMble) GOPMbI C TOYKN 3PEHUS aHTEHH HEe Croco0-
Hbl GOPMUPOBATH CAILLIKOM Y3KMUE HanpaBiieHHbIE MOTOKM, a pacnpeneneHne sHep-
run B COOTBETCTBMU C nx [IH otnrnyaeTcsa nnaeBHbiMm nepexogamu. lNpu atom, ove-
BUAHO, KaK 1 npu tlo6oM NaBHOM HapallumBaHum H4ero 6bl To HX 6b110 (Harpysok,
[03bl IEKAPCTBa, BKOYas A03bl 903 U T.A4.), HE BO3HUKAET CTOJIb CUJIbHOIO HEraTmB-
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HOro OencTBus, Tak kak Hanbosiee CUbHO BO3AENCTBYET, Kak NpaBuio, O4eHb Pes-
KU 3HEepreTnyecknii nepenag, yero Obl TO HY ObINO.

Xopouuyio (06TekaemMyio) GopMy MMEIOT MHOTMe NpupoaHbLie 06pa3oBaHus, a
Takxke kyrnosia 60nbLUMHCTBA LLEePKBEN 1 XPaMoB, a «arpecCuMBHYIO» — YroBaTyto n
COCTOSILLYIO U3 MHOXECTBA OAMHAKOBbIX 3/IEMEHTOB — BO/bLUMHCTBO NPOMBbILLJIEH-
HbIX MPEeaNPUATUIA N XUNbIX AOMOB, MOCTPOEHHLIX MO TUMOBLIM U AELLEBbLIM NPOEK-
Tam. COOTBETCTBYIOLLME BbIBOABI U3 3TOr0 MOXETe caenatb CaMul.

2.2.2. Mupamuga Xeonca kak C/I0XHbIA aHTEeHHbIVi KOMIMJIeKC

Mupamnpa Xeonca 9BASETCHA YHUKANTbHLIM MCKYCCTBEHHBIM COOPYXEHMEM,
KOTOPOE Y>XXE HECKOJIbKO ThICAYENETUIM XPaHUT TaiHy CBOEro OCHOBHOIO NpeaHa3Ha-
YeHUs.

TaiHbl ermneTckux (M Apyrux) nnpamMu, MHTepecosanu
MEHS1 O4EHb AABHO. A MbIC/Ib O TOM, 4TO NupamMmmnaa Xeonca —
AHTEHHA 1 MOrT1a CNYXWUTb /191 CBSA3U C KOCMOCOM, npuLuia Ko
MHe roe-To B cepeanHe 90-x roqoB Tenepb yXe NpoLuioro
BeKa, W, Kak BbIACHUI0Cb BNOCNEACTBMN, 9 Oblna He eanH-
CTBEHHOW 1, BUAMMO, HEe NepPBOW, KOro NogobHas naes noce-
Tuna.

O TOM, 4TO NUPaMUabl — aHTEHHbI 3EMHbIE N BHE3EMHbIE, CKa3aHOo, Hanpumep,
B [6]. Tam e [aHO cpaBHEHWE NMPaMUabl C ANSNEKTPUYECKONM aHTEHHOM. Ho 3Ty,
KaK 1 gpyrme KHUrm o nnpamMmmaax, 9 Torga ewe He yntana.

MHe, ecTeCTBEHHO, 3aX0OTENOCh PACKPbITh TariHy Benvkon nnpamMmmnabl UMEHHO C
aTMX No3uumii. NoaTomy g cpasdy Xe 3aHa1aCb U3YYEHMEM MMEIOLLLENCS B TO BPEMS
nuTepaTypbl, NOCBALWEHHOW NCCNEA0BAHMIO NUPaMUA, 1 NonbiTanacbk BHECTU CBOM
NOCWIbHbIN BKN1a, B PACKPbITUE €€ TalHbI.

B [1], nspaHHom noa ncesaoHMMom A. Nounc, MHOI Obina BbiABUHYTA rmMnoTesa o
TOM, YTO ermneTckne nupammnabl (M NogoOHbIE M), ABASISICb ANSNEKTPUYECKUMMN
W/ pynopHbIMM @aHTEHHAMM, MOTIN CIYXUTb 06/1yHaTeNsS MM LLAPOBO HEOAHO -
POOHOW ANINEKTPUYECKON INH3bI MO UMEHU «3eMJisi» U BbiCKa3aHa Nno4Tn paHTacTu-
yeckas «pe30oHaHCHasi» rmnoTesa, Hanpae/€HHAa Ha PaCKPbITUE TaliHbl CTPOUTENb-
CTBa ErnneTCKNUX Nmpammp, (U He TONbKO MX).

Mocne petanbHOro aHanmM3a (C NO3VLUVM aHTEHH) HAMOEeHHOW MHOM Toraa
nHdopmMauum rno nupammae Xeonca, B ctatbe, onybanMKoBaHHOM Nog MOUM HacTos -
WM MMeHeM [4], Obinn caenaHbl creayowme BbiBOAbI:

+  TNupamnpa Xeonca (B ee nepBOHa4YanibHOM BUAE) C A4OCTATOYHOM CTEMNEHBIO
BEPOSATHOCTU MOITa paboTaTb Kak C/IOXHbIN paguoTEXHNYECKMIA KOMIMIEKC, BKIIlOYa-
IoWwmMin B cebs KpUCTaNIMyeckne BELLLECTBA, BOJIHOBOAbI, PE30HATOPbI, aHTEHHbI pa3-
HbIX TUMOB U APYrne yCTPOWCTBA, CBA3aHHbIE Mexay cobol (Mpyn NOMOLLM BOJTHOBO-
[OB-KOPMOOPOB, BOJIHOBOOOB-LUAXT U M3Ny4yaTenein-ynosmTenein) kak B 6onee
CNOXHbIE OTAENbHbIE YCTPOMCTBA, Tak U B €OUMHOE LENoe.

+  Kpuctannnyeckme BeLLecTBa, BXOASLLME NPAKTUYECKM BO BCE CTPOUTENb-
Hble MaTtepmasnbl NMMPamMuabl, BKIOYas rPaHUTHbIE 3aryLKM, MO 1 B NupaMuge
NPOSIBAATL CBOV 3aMeYaTeNbHblE CBOMCTBA, 4aCTb KOTOPbIX LUMPOKO NCMNOJb3YEeTCs B
pPagvoTEXHMKE.

+ Cosb, HAHECEHHAst Ha CTEHbI 1 MOTOJIOK KAMepbl CPEAHEr0 YPOBHS (KamMepbl
Lapuupl), a Takke Ha NOTOJIOK PE30OHAHCHbIX KAMep, PaCnONIOXEHHbIX Ha4, KAMEpPOM
BEPXHEro YPOBHS (KaMmepowm Laps) MOrmna BbINOSHATb CneumanbHble GyHKLUWN, BKIIO-
yasa (ecnm y4eCTb HeAABHO OTKPbIThIN «/1a3epHbI» 3hHEKT NOBAPEHHOW CONU)
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nepeBoA BOJIH 3BYKOBOIO AManasoHa B BOJIHbl MHGPaKpacHoOro (Mam Kakoro-nmbo
Apyroro) omanasoHa ¢ nx O4HOBPEMEHHO MOOYNSLUNEN.

+ Pabounii gmanasoH nupamuapl, Hapsay ¢ 3NEKTPOMarHUTHbIMKU BOJIHAMM,
MO OXBaTbIBaTb U YNPyrme, B YaCTHOCTU, 3BYKOBbIE BOJIHbI, B KQYECTBE PE30HATO-
pOB-ycuUnuTenei KoTopblxX, B MPUHLMNE, CNOCOOHLI BLICTYNaTh BCE ee KaMepbl.

+ Pabounii gmana3oH nupamuapl B LLESIOM U KaMepbl BEPXHErO YPOBHS B 4aCT-
HOCTM MOT OXBaTbIBaTb (MPEANOSIOKNTENBHO) 31EKTPOMArHUTHbIE BOJIHbI OT METPO-
BOro Amnanas3oHa no CBETOBOWM Anana3oH BKJIIOYUTENBHO (Mnun gaxe 6onee KopoT-
kne). Ho pabounii guanasoH kamepbl CpeaHero ypoBHS 1 6ONbLLOK rasepeun, ckopee
BCero, Obl1 MEHEE LUIMPOK, YEM KaMepbl BEPXHEr0 YPOBHS U CMELLLEH B CTOPOHY
OJIMHHBIX BOJIH, @ KaMepbl HUXHEro YPoBHS — Hamnbosee y30K 1 orpaHmynBancs,
BUAMMO, N1LLb OJIMHHOBOJ/IHOBbIM Y42CTKOM 3JIEKTPOMAarHMUTHbIX BOJIH pabo4vero
avanasoHa nupamMuapsl UM TONbKO 3BYKOBLIMY BOJSTHAMM.

+ TunoTteTtnyeckuii paboumnin anana3oH nNupamMmmapl (B 4acTy 3NeKTPOMarHuT-
HbIX BOJIH) B €€ NEePBOHA4YaIbHOM BUAE MNOYTM NOSHOCTBIO COBMaAaeT C Anana3oHoM
9NIEKTPOMArHMUTHbIX BOJIH, MPOMyCKaeMbIX aTMOChEepon 3eMnu.

+ Kocmuyeckoe nanyyeHue Tex guanas3oHoB BOJIH, KOTOPble cnocobHa nporny-
ckatb atMocdepa 3emMan MO0 BbICTyNaTb B KAYECTBE BHELLHENO NCTOYHUKA 3HEP-
rmun. U MMEHHO C 3TMK BOSTHAMM OHa MOra B3auMOLeNCTBOBATh, YCUMBAS UX
CBOMMW KaMepamMmn-pesoHaTopamMmu, a Takke Mogynupys (n gemonynmpys) npu
MOMOLLY BHYTPEHHENO MCTOYHNKA SHEPTUN.

+ B kayecTBe BHYTPEHHEr0 UCTOYHMKA SHEPIN («330al0LLErO reHepaTopa»)
MOT BbICTYMNaTb YEI0BEK (U3Ty4EHME E€r0 MO3ra n/nnu 3Byku €ro rosoca), Haxoas-
LMNCS B OOHOM N3 pe30HAHCHbIX kKamep. Mo3r yenoseka MOr CRyXuTb U MOAYAATO-
pom (aemMoaynatopom). [lng 3Tom Xe Lenv MOornm Ncnonb30BaTbCs U APYyrue cpen-
CTBa, B YaCTHOCTU, «la3epHbIE» CBOMCTBA COMN, PEArVIPYIOLLEN HA «yaapHOE»
[aBneHue.

«  Ecnu nanyyenme nupammgbl B KaKOM-11060 pexmme paboTbl U/unm ananaso-
He BOJIH ObIJI0 HaNpaB/IEHO B CTOPOHY 3eM/M, TO NMpamMmnaa 6biia cnocobHa BbICTY-
naTb B Ka4€CTBE MEPBUYHOI0 U3yyaTensi-ynoBUTENS LUAPOBOM HEOAHOPOAHOW ANS-
NEKTPUYECKOM NINH3bI, KAKOW pakTUYECKN ABNSAETCA 3EeMHOM wap, HO TOJIbKO ANs
TOro BUAa 1 guanasoHa BOJIH, A1 KOTOPbIX OH AOCTAaTO4YHO NMPO3payeH.

[Mony4eHHble BbIBOAKI MO3BONVAN BbIABUHYTb CEAyoLLyo runotesy [4]:

MnoTte3a: Nupamupa Xeonca morna 6biTb MHOrogMana3oHHbIM NPUeMo-
nepepalowmM KOMIMJIEKCOM, OCYLLECTBJISIOLLMM CBA3b C 3€MHbIMU U/ VN
KOCMM4YECKMMM 00beKTamMu, Npyu 3TOM NMpaMuaa B LeJsioM Morna padéorartb n
Ka4yeCTBe CaMOCTOSITEJIbHOM aHTEHHbI U/UJIN B KAYE€CTBE «TOYEYHOro» uasyda-
Tens-ysoBUTEJIN LUAPOBOM HEOAHOPOAHON AN3JIEKTPUYECKOM JINH3bI MO
nMmeHn 3emns, Moria oHa ObITb M CBOEro poAa BelaTesibHOV cTaHuuein
MECTHOro 3Ha4eHus.

B [4] (v 30eCb) CTOPOHHMKAM PagnoTEXHUYECKUX FTMNOTE3 NpeasiaraeTcs
NeEpPenTn K CEPbLE3HBIM HAYYHbIM NCCEL0BAHUAM NpamMuabl Xeornca kak paguoTex-
HWYECKOr0 COOPYXEHUS, a A1 3TOr0 HeobXxo0AMMO:

+ Co3paTtb ewe xoTs Obl O4HY CreumanbHyo akcneanumio, chopMrUpoBaHHYO
13 CneumanncToB, paboTalowmx B pas3HbiX PaanNoTEXHUYECKUX HanpaBieHUsaX, BKIO-
yas, B MEPBYIO 04EPEdb, CMELNANTMCTOB, 3aHNMAIOLLIMXCS CUCTEMHBIMU BOMNPOCaMW.

* YTOYHUTb AN SKCNEPUMEHTAJIBHO ONPEAENUTb PAANOTEXHUYECKME CBON-
CTBa MaTtepmasnos, KOTOPbLIE UCMOIb30BaHbI B NMpamMuae, C y4eTOM e€e npegnonara-
emoro paboyero gmanasoHa.
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+  [poBepuTb aKCNEpMMEHTasNbLHO (Ha Moaensx), cnocobHa nm NnupaMmnaa u ee
OTOeNbHbIE 3/IEMEHTLI paboTaTb B COOTBETCTBME C NOA0OPAHHLIMK S HAX Pagvo-
TEXHNYECKNMU aHaNIOramu.

Hapsiay ¢ pagnoTexHM4eCcKuMm rmnotTesaMmm MMEIOT NPaBo Ha CYLLECTBOBAHNE U
npyrve (bonee paHHMe). BONbLWNHCTBO N3 HUX PaAMOTEXHUYECKNIA B3NS, Ha Nupa-
MUabl HE OTPULAET, @ HEKOTOPbIE AaXe NOATBEPXAAET 1 AOMOJHSET.

PapuoTtexHunyeckme runotessl ABASIOTCA Hanbonee «MooapIMn» U He IErko
[0Ka3yeMbIMU, TakK Kak 40 Hac A0S0 O4YEHb Maio AOCTOBEPHOM MHGOpMaLnK,
NMO3BOMISIOLLEN MOCMOTPETh Ha NUpamMuay Xeonca ¢ paguoTeEXHNYECKUX MO3NLMIA, a
9KCNepUMeHTasbHble UCCIef0BaHNS, CNOCOOHbLIE 3TU FTMNOTE3bl NOATBEPANTL (MU
OMNPOBEPrHYThb), OCYLLLECTBUTb BECbMA TPYAHO.

Bocnpowussectu ons nccnegoBaHma Takoe rpaHaM03HOE COOPYXKEHME Kak
Benunkas nupamuga B peanbHyto BENNYNHY, HepeanbHO. [poBoauTh nccnenosaHus
CYLLLECTBYIOLLLEN NpamMuipl Bps, v No3BonsT. [la n ee COCTOSHUE yXXE CUIIBHO
OT/INYAETCS OT NEPBOHAYaNbHOro. M 310, eCTECTBEHHO, CKaXXETCS OTPULLATENBHO Ha
[OCTOBEPHOCTU pe3ynbTatoB. [pu nccnegoBaHMm yMEHbLUIEHHbIX MOAENEN MMpamm-
Obl, B JAHHOM cJly4ae, HeobX0aMMO MOAENMPOBATL U CBOWMCTBA ANSNEKTPUKA, KOTO-
pbl€ CUJIbHO 3aBUCAT OT YaCTOThbl, MO3TOMY MOAENMPOBATbL X C OCTATOYHOW cTene-
HbIO TOYHOCTU TPYAHO. OQHAKO Kakue-TOo «BbIDOPOYHbIE» UCCNeN0BaHs, BKOYas
VCCNeaoBaHMe OTAENbHbBIX €€ 3/IEMEHTOB, MPOBECTM MOXHO.

B nocnepHee Bpems y paamoTEXHNYECKOrO HanNpaBieHNsa pasragku TaH nupamMug,
NOSIBUINCb HOBbIE CTOPOHHMKM, MPUYEM aBTOP OAHOM 13 Nybavkauwii [7] npetenaoyet
Ha oTKpbITHe, Y2KE no3BosmBLLEE PaCKPbITb TaliHy Nupamuabl Xeonca. OgHako, rno
MHEHMIO aBTOPa JAHHOW KHUMN, 1 3TU BbIBOAbI, KaK 1 BbIBOALI APYrMX CTOPOHHUKOB
pagnoTexHuyeckoro HanpasneHus, NMOKA 6a3npytoTcs, B OCHOBHOM, Ha 0OLLIMX CO06-
PaXeHUsIX, NPEANONIOXEHNSX U rMrnoTe3ax. A TO HOBOE, YTO, HAPSAY C YXXE N3BECTHbIM,
OHW BHOCSAIT B PACCMOTPEHME NpamMmi, Takke TpebyeT NoaTBEPXKAEHMS.

Cnepyert, ogHako, Npu3HaTth, YTO PaAnNOTEXHMYECKNE TMNOTESbI (MO CPaBHEHWIO
C OpYyrvmmn) BeIrMaaaT BeCbMa yoeanTenbHbIMU (OHU, NPakTUYECKN, HE OCTaBASIOT
06e3 oTBeTa HN 0AHY M3 «CTPaHHOCTEN» NMpamMmuabl Xeonca). Kpome Toro, ysenunde-
HWe YMcna CTOPOHHMKOB 3TOro HanpaeneHus, kotopble HEBABNCUMO apyr ot
Apyra npmuxoasart K OO4MHAKOBbIM OCHOBHbLIM BbIBOAAM, KOCBEHHO NOATBEPXAAET npa-
BWIbHOCTb 3TOr0 NOAxXoaa.

Ona YTBEPXOEHWA, yto TarHa nupammabl Xeonca YXKE pasragaHa, HyXHbl,
0[HaKo, HeonpoBepXuMble ¢akTbl, KOTOPbIE MOrYT ObiTb MOJIy4EHbI TOJILKO B MPO-
Lecce geTanbHbIX HAy4HbIX UICCNEAOBAaHNNI, BKOYas SKCnepuMeHTaneHbie. N B xoae
3TUX UCCNeaoBaHuiA, B NePBYIO o4epenb, HE0O6X0AMMO (NPY NOMOLLY COBPEMEHHbIX
CpencTB U3MepeHunst) okasatb 1 opuumanbHO 3aperncTpmMpoBaTh HAMYME MOBbI-
LWEHHOW KOHUEHTPaLMK MOJIEN B TEX TOYKAX NUpaMuabl, rae HaxoaaTCsa KaMepbl, U
onpenenuTbe Npupoay aTUX Nonen, ecnu oHn 6yayT 0bHapYyXeEHbI.

A TMOKA npuxoauntcs npu3HaTth: TalHa nupamuabl Xeonca OKOH4YaTeNnbHO
ewe HE pasrapgana. HO... packpbiTie 3TOM TalHbl HE Ha YPOBHE NPEAN0oIOXEHUI
M rMrnoTes, a Ha OCHOBE CEPbE3HbIX HAYYHbIX UCCNIEA0BAHNN, BKITIOHAS S9KCNEPUMEH-
TaNbHbI€, BO3MOXHO, YXXe He 3a ropamu. He NCKIYeHO, YTO MMEHHO YYEHbIE Paano-
TEXHNYECKNX HAMPaBAEHUN, UMEIOLLME COOTBETCTBYIOLLLYIO SKCMEPUMEHTANIbHYIO
6a3y, CMOryT NOCTaBUTb, HAKOHEL,, MOCIEHIO TOYKY B PaCKpbITUM TaliHbl Benunkon
nMpamMugpl Kak TepMrHana KOCMUYECKON CBA3N.

Kaxxaplin xxenawLwmin, no3HakKoOMUBLLMCb C paboTamMun, B KOTOPbLIX NMpamMuaa
Xeonca paccMaTpmBaeTCa C PaANOTEXHNYECKMX NO3ULVIA, MOXET CaM PELLUNTb, HaC-
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KOJIbKO 9TO HanpasJieHne VNCCNeaoBaHn ABNASETCS NnepcneKTnBHbIM 1, NMpu Xea-
HW, NPUHATb y4aCcTue B PaCKpPbITUN TawH 3TOro YHUKAJIbHOIO COOPYXeHn4.

2.3. EcTecTBeHHble aHTeHHbl MUKPOMUPA

2.3.1. Monekyna 6enka kak COBOKYNHOCTb AaHTEHH Pa3HbIX TUIOB

Monekyna 6enka — OCHOBa BCEro XMBOro Ha 3eMne — MMEET HECKOJIbKO
CTPYKTYPHbIX YPOBHEN, KaXAbI U3 KOTOPbIX MOXHO MAEHTUOUUMPOBATL C TEM UMK
WHbIM TUMOM aHTEHHbI.

MepBunyHasa cTpykTypa 6enka BoipaxxaeTcsl B onpeneseHHon NocneaoBaTesibHoO-
CTV YepenoBaHMS COCTaBMSIOWMNX Er0 3BEHLEB — PA3/INYHbBIX aMUHOKMCAOTHBIX
OCTaTKOB, COAMHEHHbIX MeXay COO0W B OAHY NN HECKOJIbKO Lienen. 3BeHbS MOXHO
paccMaTpuBaTh Kak OTAeNbHble BUOPATOphI, a Lienb Kak JIMHENHY CUCTEMY MU3Nyya-
Tenen.

BTopuyHaa cTpykTypa — 37O TMN yknaaku (dpopma) ueneii. Lienb moxeT ObiTb
BbITSIHYTOM B HUTb, CBEPHYTOM B KJIyOOK (LUap) Uin CKpyYeHHoM B cnvpanb. BTopuy-
HYIO CTPYKTYPY B 3aBUCUMOCTU OT ee pOpPMbl MOXKHO COOTBETCTBEHHO paccMaTpu-
BaTb KakK JIMHEMHYIO aHTEHHYIO PELUETKY UK CMMPAasbHYIO aHTEHHY, BKJIOYas 1 LWapo-
BYIO CrivpaJib.

TpeTtnyHasa CTpykTypa — 3TO NPOCTPAHCTBEHHOE PACMOJIOXKEHUE YXKE «YITOXKEH-
HOI» Lenu, onpeaenstollee ee koHourypaumo. OHa aaeT npegcrasneHme 06 obbe-
Me, GopMeE 1 B3aMHOM PACMOOXEHNN YHaCTKOB Lenu. TpeTuyHasa CTpykTypa
00ycnoBnMBaeT BUOSIOrMYECKYIO aKTUBHOCTb 6ENKOBOM MONeKysibl. TPETUYHYIO
CTPYKTYPY B 3aBMCUMOCTM OT GOPMbI 1 KONIMYECTBA COCTABASAIOLWMX €€ 3/IEMEHTOB
MOXHO pacCcmaTpuBaTb Kak MPOCTPAHCTBEHHYIO @HTEHHYIO PELLETKY MW Kak JIMH30-
BYIO @HTEHHY, B 4aCTHOCTU, LLAPOBYIO.

YeTBEPTUYHAA CTPYKTYpPA onpenensiet CTpoOeHne MakpoMosiekyn, obpasoBaH-
HbIX U3 pPa3HbIX Lenen. HeTBepTnYHYI0 CTPYKTYPY MOXHO pacCcMaTpuBaTb Kak COBO-
KYNHOCTb HECKOJIbKMX CIOXHbIX aHTEHH.

XapakTepHbIM 01 MHOrOMYHKUMOHA bHBIX aHTEHH CTPOEHneM obnagatoT
MOJIEKY/bI FeMOrnoburHa, COCTosILLME N3 NOAMNENTUAHBIX LEenen (nepBryHasi CTpyk-
Typa), 3aKPyYeHHbIX B CAMpanu (BTopuyYHas CTPykKTypa), KOTopbl€, B CBOIO O4epEb,
CBEPHYThLI B KIIyOOK (TPETUYHAs CTPYKTypa) N 06beaAnHEHbI MO YeTbIpe (YETBEPTMY-
Has cTpykTypa). Mpn HarpeBaHnn Benkn, Kak N3BECTHO, CBePTbIBatOTCS. [1pn aTOM
paspyLllaeTcs nx BTOPUYHas U TPeTUYHas CTPYKTypa (COBOKYMHOCTb MOJIEKYT U MPO-
CTpaHcTBeHHast popma Mosiekybl), a buonormyeckne GyHkuMm 6enka TepsioTcs.
CnepoBaTtesfibHO, C HapyLUEHVMEM TPETUYHOW CTPYKTYPbI 6enka — paspyLleHnemM npo-
CTpaHCTBEHHOWM HGOpPMbI MOJEKYSbI, 0BecneynBatoLLel ee OTHOCUTENbHYO 060CO-
OG/IEHHOCTb Kak CaMOCTOSTENIbHOIO CTPYKTYPHOIO 3/IEMEHTa, KOTOpPbIA ANS JaHHOro
YPOBHS CYLLLIECTBOBAHNS MOXHO CUMTATb «3JIEMEHTapPHbLIM», MPONCXOANT HeobpaTu-
Moe n3meHeHmne benka.

YcTonumBocTb 6enKoB pasnuyHa. Hanbonee yctonumebiMu, kak U3BECTHO,
SIBNSIIOTCS POroOBbl€ BELWECTBA, BK/IOYas, BUOVMO, U NaHTbl — pora ofneHen. Bos-
MOXHO, YTO LLEHHOCTb MAHTOB OMPEAENSAETCH TEM, YTO, «MOM0LLAs» UX, YHENTOBEK
YBENINYMBAET B CBOEM OpPraHnM3Me KOJIN4eCcTBO 60siee YCTONYMBLIX CTPYKTYPHbIX
9NIEMEHTOB.

Ecnu npeononoxeHne o ToM, 4TO popma (CTPOEHNE) onpeanensieT BO3MOX-
HOCTb NpYemMa OnNpeneneHHOro S3HePronHGOPMaLMOHHOIO NMNOAS — ONPEAENIEHHON
nporpammel, cnpaseanneo [1], To npu paspyeHnr GopmMbl HAPYLLAETCH BO3MOX-
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HOCTb NpPMEeMa COOTBETCTBYIOLLEN AAHHOMY YPOBHIO CYLLECTBOBaHUS NpPOrpaMmbl,
MO KOTOPOW OPraHn3m O0JIKEH XNTb (MOAAEPXUBATbL CBOIO GOpMY), 1 MOITOMY OHA
paspyLwaeTcs («<ymnupaeT»).

MMnote3a: Monekyna 6enka sBNseTC MHOrOypoOBHEBOW NPOCTPAHCTBEH-
HOW aHTEHHOW CUCTeMOoi, coyeTaloLweil B cebe HeCKOJIbKO BUAOB aHTEHHbIX
cuctem. OHa pacnapaeTcsa Npu pa3pyLleHUUN «aHTEeHHbIX CUCTEM>» TPEeTbero
YPOBHS, 06ecneynBalomx ee 060Co0JIEHHOCTb, €e UHAUBNAYyasnbHOe «H».

2.3.2. AToOM Kak aHTeHHa

M3BECTHO, 4TO KaXxgoMy aToOMy NpucyLla onpeneneHHas Gopma 31EKTPOHHbIX
061aKoB, KOTOPbIE MOXHO CPaBHUTb C U3JTyHEHWEM aHTEHHbI, MMEIOLLLEN aHanormy-
Hyto popmy JH.

M3BecTHO, 4TO pa3mep aToMa YC/IOBHO OrpaHnNYnBalOT PacCTossHMEM A0 Hanbo-
Jlee yoaneHHol OT HEero aNekTPOHHOM 060104KN, a AaNTbHOCTb AENCTBUS aHTEHHbI —
30HOW OeNCTBUS rMaBHOro nenectka ee [AH, nmetowero HandonbLWni KOs OULIMEHT
YCUNEHUS, ONPEAENSIoLLErO «MPOTAXEHHOCTb» 9TOro nenectka. Ho pacctosHue oo
Hanbonee yaaneHHon 31eKTPOHHOM 060104KN aToOMa U «MPOTAKEHHOCTbL>» MMaBHOMO
nenectka AH aHTEeHHbI — 3TO paKTUYECKM OOHO U TO Xe.

MN3BECTHO, 4TO B MHOIMO3JIEKTPOHHLIX aTOMax KapTMHA 3N1EKTPOHHbLIX 061aK0B
cnoxHas. To xxe camoe MOXHO cka3daTtb 1 0 JIH MHOrO31EMEHTHbIX @aHTEHH 1 @HTEHH,
nmMeloLwmx 6oMblune OTHOCUTESNbHbIE (B ASIMHAX BOJIH) pa3mMepbl.

[MpaBoMEPHOCTb NOAXOAA K aTOMY, Kak K aHTEHHE, KOCBEHHO NOATBEPXOAETCS U
TEM, 4TO HA aTOMHOM YPOBHE AENCTBYIOT 3/IEKTPOMArHUTHbIE CUJIbl, @ MPOCTENLIVN
aTom, aToM BOAOPOAA, UMEIOLLNIA BCEFO OANH 3/IEKTPOH, 0OLIYHO paccMaTpuBatoT B
BUAE NPOCTENLLEro U3nyyaTenss — pamMky C TOKOM, KOTOPbIN ABISIETCS «3NieMeHTap-
HbIM» BUTKOM Jt060 cnnpanu.

«KOHCTPYKTMBHOE» CTPOEHME aTOMOB TOYHO HEM3BECTHO. OAHAKO N0 CBOUM
CBOMCTBaM CJIOXHbIE aTOMbl MOXHO PacCMaTpuBaTb KAK MHOIO3/IEMEHTHbBIE aHTEH-
Hbl UJIN @aHTEHHble peLlleTkn. bonee NPOCTblIE — MOXHO OTHECTU 1 K BUKOHNYECKNM
(c HEOOHOPOOHOCTSAMM B PaCKpPbIBE), U K CNMpanbHbIM aHTeHHaM. CnvparsbHble
aHTEHHbI, NOXanyn, K aToMy Hanbonee 6aU3KN.

Kak n3BecTHO, HanpaeB/ieHHbIE CBOMCTBA CNVPasibHOM aHTEHHbI ONPEeaensioTcs
BCEro 4-ms napamMeTpamMu: KOJIM4ECTBOM U ANaMETPOM BUTKOB, LLArOM U Hanpaene-
HMEM HaMOTKM crnvpanu, a dopma 3/1IEKTPOHHbIX 061akoB aToMa — 4-M$S KBaHTOBbI-
MU Yyncnamu. Bo3MOXHO, 4TO KaXXaoMy M3 YETbIPEX NAapaMeTPOB CNUPaIbHOM aHTEH-
Hbl MOXHO Noao00paTh COOTBETCTBYIOLLME KBAHTOBbLIE Y/CNa atoMa. B yacTHocTK,
CMWH atoMa MOXHO CHMUTaTb aHaIOrOM HarNpaBAEHUS HAMOTKU cnvpanu (Hanpasne-
HUS BPALLLEHUS 9NEKTPOMArHUTHOro Nosns).

MmeeTcsa y aToma 1 MHOIMO APYrnx NPU3HAKoB, «POAHSLLMX» ero C aHTeHHaMK,
HO BCE MUX B pamkax AaHHOM paboThbl PACCMOTPETL HEBO3MOXHO.

MMnoTte3a: Popmy 3/1EKTPOHHbIX 06J1aKOB MOXHO paccMaTpuBaTh KakK
peanusyemylio (Npn 3agaHHbIX NapameTpax atoma) AH aHTeHHb! (Hanpumep,
cnupasnbHOii), CNOCOGHOW CNYXNUTb AJI9 aTOMa A0CTAaTOYHO OJIN3KUM aHano-
rOM NO CBOMM «HamnpaBJ/ieHHbIM» CBOMCTBaM.

2.4. EcTecTBeHHble aHTEeHHbI 4eJIOBEeKa

2.4.1. Teno n gywa 4yesioBeka kak BeLeCcTBO U roJie

JaHHbIl pasgen NocBsLWeH aHTEHHAM, KOTOPbIMUK «000PYA0BaH» YENOBEK, T.€.
noboii 13 Hac. Ho, npexae 4emM NocMOTPEeTh Ha YesIoBEKA C TOYKN 3PEHUS aHTEHH
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cnenyet onpeaenvTb B3aMMOCBSA3b €ro Tena — BELLECTBEHHOM KOHCTPYKLUK, C
Oywon — 3HePromH@opmMaLMoHHbIM NMOJIEM, KOTOPOE AaHHAs KOHCTPYKUUS (onpe-
neneHHon ¢popmbl, paaMmepa 1 NIOTHOCTN) CnocobHa ncnyckaTtb 1 ynaBnmBaTb.

[MpaBoOMEPHOCTbL PACCMOTPEHNS TENA N AYLLIN C TEXHUYECKMX NO3nLMiA cneayeT
naxe 13 obLero onpeneneHns Tena v aywm, NnpMBeaeHHoro, Hanpumep, B [10] n
[11].

Teno [10] — yacTb NpOCTPaHCTBA, 3arnosIHEHHAsA MaTepuein, Kakum-nmoo
BELECTBOM, MM OrPaHNYEHHas 3aMKHYTOM NOBEPXHOCTbIO; OPraHn3M YenoBeKka nnn
XXMBOTHOIO B €ro BHELHNX Ppurandecknx popmax.

BewecTtBo [11] — Bua maTepumn, o6nagatioLmii Maccon Nokos (3nemMeHTapHble
4yacTuMLbl, aTOMbl, MONIEKYSbI U AP.).

Mone — ¢usnyeckoe [11] ocobas popma maTtepun; cuctema ¢ 6€CKOHEeYHbIM
4YncNoM cTeneHer cBoboabl (3NEeKTPOMarHUTHOE NoJse, rpaBUTaUUOHHOE, NoJe
A4epPHbIX CU, BOJIHOBbLIE NOMS, COOTBETCTBYIOLLME PA3NYHBIM YacTuuam, 1 ap.).

Aywa [10] — co3HaHne, BHYTPEHHUIN NCUXUYECKNIA MNP YeNoBeKa; TO NN
MHOE CBOWCTBO xapakTepa. B pennrnosHom npencraBneHnn: CBEPXbECTECTBEHHOE,
HemaTtepuanbHoe, 6eCCMepPTHOE Havyasno B YENOBEKE, MPOAOJIKAIOLLEE XNTb NOCNe
€ro cMepTu.

Co3HaHue [11] — yenoseyeckas CrocOOHOCTb BOCMPOM3BEAEHUsS OEeNCTBU-
TENIbHOCTU B MbILLJIEHUN; MbICJb, YYBCTBO.

Mcxonsa n3 npMBeaEHHbIX BbilLe ONpeaesieHnii U y4nTeiBasl, HTO COBPEMEHHAs
du3vka nog maTepuein NOHMMAET M BELLLECTBO, W NOJIE, MOXHO YTBEPXAATb, YTO:

Teno (noboe) — 370 BelecTBeHHO 0O6pa3oBaHMe, COCTOSLLIEE N3 HaCTULL,
obnagaoLwmx Maccol NoKos, KOTOPbIM COOTBETCTBYIOT OMNMpeneneHHbIe NCny-
CKaeMble 1 NornowaemMble MU BOJSIHOBbLIE NOJIS, COBOKYMHOCTb KOTOPbIX 06pa3yeT
VHOMBMAYaANIbHOE QHEPrOMHGOPMALIMOHHOE MOJIE KaXa0ro Tena.

Aywia kak CO3HaHVE, BbipaXaloLweecs Npm NOMOLLM YYBCTB, MbIC/IEN U CNOB,
npeacTaBnsoLWyx cobo BONHOBLIE MOJIS ONPEAENIEHHOr0 BUAA U AMana3oHa,
ABNIIETCS YACTbiO 06LWEro aHepromHOOPMaLMOHHOIO NoNs, KOTOPY CMOCOBHO yno-
BUTb-NCNYCTUTb TENIO AAHHOW KOHKPETHOW KOHCTPYKUMN (KOHCTUTYLIUK).

Y70 KacaeTcs pennrno3HoOro NpeacTaBneHns oyLm Kak HematepuanbHoro 6ec-
CMEPTHOro Hadana, TO cemyac, Korga rnog Matepumen NoOHMMaeTCs He TOJbKO BeLLe-
CTBO, HO 1 NoJle, Aylwla, kak nonesoe obpasoBaHMe, JOMKHA aBTOMaTMYECKN Nepei-
TN B pa3psg, MaTepuasibHbIX CTPYKTYP, @ BO3MOXHOCTb €€ 6eCCMepPTUS KOCBEHHO
NnOATBEPXAAETCHA HAIMYMEM B KOCMOCE PEJIMKTOBLIX MOSIEN, KOTOPbLIE MPaKTUYECKN
6eccMepTHbI.

TexHnyeckunin Noaxona K TeNy 1 Aywe 4enoBeka MHOrMM MOXET nokasaTbCs GaH-
TaCTMYECKUM, HO OH NPEKPaCHO 0OBLACHSAET O4EHb MHOIME aHOMaJIbHbIE SAB/IEHUS,
CyLLEeCTBOBaHME KOTOPbIX oduLmanbHas Hayka yXe BblHYXOeHa NPU3HaTh, HO 06bsC-
HWUTb Noka He MOXeT. OObACHAET OH U BO3MOXHOCTb CYLLLIECTBOBAHUS 1 BeccMmepTums
Oyl 4enoBeka (1 He TONIbKO YEN0BEKA).

Ceityac npeacTaBnsgeTcs BroJjiHe BEPOATHbLIM, YTO BCE CYLLLECTBYIOLLIEE B HALLEM
Mupe, noboe Tesno (3EMHOE 1 KOCMUYECKOE), BKJTIOHAsA KaMEeHb, 3BE3AY M YENOBEKA,
COCTOUT U3 BELLLECTBA 1 N0Nga, 00beanHEHHbIX B eguHoe uenoe — EAMHCTBO.

Hanpumep: KameHb COCTOUT HE TOJIbKO M3 COBOKYMHOCTM MOJIEKYT 1 aTOMOB,
HO 1 N3 UCMYCKAEMOro 1 NOrMOLLAEMOro UM Nons (TEMIOBOro, PagnaunoHHOro 1
ap.). 3Be3na — 13 BELLLECTBA, HAXOAALWErocs B N1a3MEHHOM COCTOSIHUM, U U3ny4ye-
HUs (Monen camor pa3Hom Npupoabl). HenoBek — 13 COBOKYMHOCTM MOJIEKYN 1 aTO-
MOB, 0ObeAVHEHHbIX B OPraHbl U CUCTEMbI, B KOHEYHOM UTOre, B eANHbI OPraHnu3Mm,
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a TakXke U3 UCMyCKaeMbIX M NOMMOLLAEMbIX MM Pa3HbIX NOEN, BKIIOYasa 3BYKOBbIE U
9N1EKTPOMAarHUTHbIE BOJIHBI.

Ho ecnu kameHb, 3Be34a, YeN0BEeK U Ap. KapaMHaibHbIM 06pa3oM NOMEHSIOT
CcBOI0 HOopMy, HaNpPUMEpP, paspyLaTcs N/Mnnu U3MEHAT CBOE «arperaTtHoe» COCTOs-
Hue, To IPYIOW dopme (HOBOMY COCTOSHMIO) ByaeT COOTBETCTBOBAThL yxe JPYIOE
3HeprovHdOopMaLMOHHOE None, CNneaoBaTesibHO:

OnpepeneHHas ayuwa Hepa3pbiBHO CBSAA3aHa C ONpeaesieHHbIM TenloM, 06pasys
onpepeneHHoe EJVHCTBO, Tonbko 00 TeX Nop, Noka «CMepTb» HE PasnyynT uXx.

KAKOE teno — TAKAA n aywa, KAKAA oywa — TAKOE u teno!

MoapasneneHne matepun Ha BELLLECTBO m MNOJIE (TEJIO n AYLUY) asnaeTcs,
0[HaKo, BECbMa YC/TIOBHbIM, Tak kak J1toboe none cny>KMT CBOEro poaa TesioM Asis
MNCMYyCKaeMbIX M MOrMoLLaeMbIX UM NONEN cnenyowero nopsaka, u .4. B oobuwem
cny4yae, Tes0 MOXET ObITb HE TOJIbKO BELLLECTBEHHbLIM, HO U MOJIEBLIM, N3Y4aOLLNM
M nornowanLwmm nons (aywmn) opyrux, 6onee «TOHKNX», BUOOB 1 OMana3oHoB.
OCHOBHOE OTNIYKME MEXAY BELLEeCTBOM U MOJIEM (TEIOM U AyLLOWN) COCTOUT B OTHO-
CUTENbHOWM CKOPOCTU UX ABMXEHUS-U3MEHEHUS (BELLLECTBEHHbIE Tena — 6onee nac-
CVMBHbI, @ COOTBETCTBYIOLLME UM MOSst — AyLun 6onee akTuBHbI). B camom obiem
BUAE TENO (KOHCTPYKLMIO) MOXHO COOTHECTU C dunocodckor dopmoi, a none
(oywy) — ¢ punocodckmMm cooep>KaHNeM.

Taknm 06pa3om, 4enoBeka, kak U BCe CYLLEeCTBYIOLLEE, C TEXHNYECKOMN TOUKMN
3peHns MOXHO paccmMatpueaTth kak EAVMHCTBO BewecTBa 1 NOAs, BICTYNAOLMX
COOTBETCTBEHHO B BUAE T€NA MHANBUAYANBHOM KOHCTPYKLUMU (KOHCTUTYLMN) N UHOW-
BUAYaNIbHOI0 SHEPrOMHGMOPMALVIOHHOIO NMoAg (AyLwun) onpeaeneHHoro Bnaa u
AvanasoHa UCryckaemoro v ynaBiamBaemMoro UMEHHO JaHHbIM KOHKPETHBIM TESTOM.

Ecnn MbiCnInTeNbHO-4yBCTBEHHBIM NPOLLECC YENOBEKa (1 HE TOIbKO YE/10BEKA)
SIBNSIETCS BOJIHOBbLIM, YTO MOXHO CYMTAThb YXXE A0Ka3aHHbIM, TO OKPY>XXaloLL,ee Hac
NMPOCTPaHCTBO HACKILLEHO HE TOJIbKO 9N1IEKTPOMArHUTHLIMU MNOASMU, CO34aHHBbIMU
pPasHbIMU PAANOTEXHNHYECKUMWN YCTPOMCTBAMM, HO U aHANOrMYHBIMW NOASIMUN, U3y~
YyaeMbIMM HENOCPEACTBEHHO CaMUM HETOBEKOM. N OHK, KaK 1 COOTBETCTBYIOLLNE
3NEeKTPOMAarHUTHbIE MOJIS, HECYT B cebe camyto pasHyto MHGopMaLUmio, SBASIIOLLYIOCS
pe3ynbratoM NOBCEAHEBHOM MbICIINTENbHO-4YBCTBEHHOM AEATENBHOCTM KaXA0ro
yenoseka. Kpome TO0ro, B MOMEHT CMEPTU B BUAE CKOHLUEHTPUPOBAHHOIO CrycTka
3HEepPrum MoxeT ObITb UCNYLLIEHA NOCIeAHAS BEPCUS SHEProOMHPOPMaLMOHHOIO
nons — NporpamMmbl-ayLn, CnocobHOro (No aHanorum ¢ pagMoBeLLaTebHON CTaH-
LuMen) nanyyaTb 3aKk/IIO4EHHYIO B HEV MHMOPMaLMIO MO NPUHLUUMY: BCEM..., BCEM...,
BCEM..., KTO HACTPOEH B PE30HAHC C ero HeECYLLMMM 4YaCTOTaMun U CNOCOBEH NPUHSATb
CBOMIMUW INYHBIMW aHTEeHHamMK. [pu 3TOM 1 Nepeaaya, v NPUEM OCYLLLECTBNSETCS
HenocpeacTBeHHO, 6e3 NCNONb30BaHNS Kaknx 6bl TO HX BblSI0 MCKYCCTBEHHbIX BCMO-
MOraTesbHbI YCTPONCTB.

[ns ynaBnmBaHus U UCNYCKaHUS 3HEPronH@POPMaLMOHHLIX NOein Heo6XoaNMbI
YCTPOWCTBA BBOAA-BbIBOAA QHEPI N, KOTOPbLIE MOXHO pacCMaTpuBaTh Kak aHTEHHbI
TOro Wi NHOro TMna.

2.4.2. JIn4yHOe «aHTeHHOe XO3iCTBO» Ka)X[0ro YesioBeKka

AHTEHHbI, KOTOPbIMW HAAENEH YEeNOBEK OT NPUPOAbI, PACMONOXEHbI U HA Tene, 1
B TeJle, U B KaX/J0W ero KJieTke, a OH caM B LiesIoM criocobeH npeobpa3oBbiBaTh cebs
B HECKOJIbKO Pa3HbIX aHTEHH, perynupys npm atom mnx AH [1].

MMnorte3a: Teno YenoBeka v Bce COCTaB/AIOLLUE €0 CUCTEMbI, OPraHbl U
KJIEeTKU NMpeacTaBnsioT co00l aHTeHHbl pa3HbiX BUAOB, paboTaowme B
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caMbIX pa3HbIX Auana3oHax 3Hepruin. UnanenayanbHOCTb (YHUKaJIbHOCTD)
KOHCTPYKLUU aHTEHH KaXA0ro KOHKPEeTHOro 4esioBeka onpeaensaet UHAUBU-
AYaNbHOCTb (YHUKaJIbHOCTb) UX NapamMeTpPoOB (BKJ1l04as HanpaBsieHHbIe CBOW-
cTBa u pabounii aManasoH) U, COOTBETCTBEHHO, CNOCOGHOCTb NpUeMa UMM U3
o6Lwwero sHeprovH¢opMaLMOHHOIO NOJIA COBEPLUEHHO onpeaesieHHbIX none-
nporpamMmm.

Hale «aHTEHHOE X035MCTBO» CTOJIb MHOFOYUCIEHHO, YTO PACCMOTPETbL 34ECH
noapobHO Aaxe BUOVMMYIO HAM €ro YacTb HEBO3MOXHO. [103TOMY OrpaHn4ynMMcs
BCEro NNLWb NEPEYNCIIEHNEM HECKOJIbKMX, Hanbonee 3HakOMbIX BCEM, Er0 NpeacTa-
BUTENENn, 60JIbLUMHCTBO KOTOPbIX aHTEHHAMW Ha3bIBaTb MOKa He NPUHATO, U MOMNpo-
OyeM OTHECTU UX K TOMY WU UHOMY BUAY TUMOBLIX @HTEHH, CO34aHHbIX YHEJIOBEKOM.

AHTEeHHbI ronIoBbl 06ECNeYnBaloT B3aMMOAENCTBME BCEX OCHOBHbLIX OPraHoB
YYBCTB (3peHus, cnyxa, 0O0HSAHNS, BKyCa U, Hapsiay C OCTaslbHOM KOXel Tena, ocsi-
3aHKUA) C OKPY>XaloLWMM MUPOM, a Takxke OblXxaHue 1 nuTaHune, T. e. BBOA4 Heobxoau-
MO sl XU3HU NMHPOPMaLN 1 SHEPTUN.

[has aBnsieTcs CNOXHOM aHTEHHOM CUCTEMOM, @ Ero XpyCTaMK — 3TO TUNU4YHaa
NIMH30Bas aHTeHHa (3To 0OLEenpPU3HaHO AAaBHO).

XpyCTanmk MOXET N3MEHSATb KPUBU3HY CBOEN MOBEPXHOCTU (POKYCUPOBKY) C
NMOMOLLbIO 0COBbIX MbILLLL, @ 3pa40K (MOMWUMO HaLLEe BOMM) B 3aBMCUMOCTM OT CBe-
TOBOrO NMOTOKA, NAaJaloLLLEr0 HA MOBEPXHOCTb M1a3a, YMEHbLUAET U YBENNYMBAET
naowaab packpbiBa — pa3mep «OkHa», Yepes KOTOPOE Mbl CMOTPUM Ha OKpPY>Xato-
WmMin Hac mup. Masa 6oMblIMHCTBA Ntoaen paboTaloT B NPUEMHOM pexume, Norno-
was NpsiMble N OTPAKEHHbIE OT NPEAMETOB 3IEKTPOMArHUTHbIE YaCTULbI-BOJIHbI
BUAMMOWM YacTU CBETOBOro agmanasoHa. OgHako OHM MOTYT U3yyaTb U HyBCTBa:
rHEB, YHbIHME, 60Jb, TEMNO, HEXHOCTb N CBETUTLCS NIOOOBLIO. [Ma3za MoryT gaxe
vncnenensiTb B3rM[40M, Kak B MEPEHOCHOM, Tak 1 B MPSIMOM CMbICE, U NepeaBunratb
nerkve npegMeTol. [locnegHve aBa CBOMCTBRA a3 HabnoaalTcs BeCbMa penko u
[0 HEJABHEr0 BPEMEHU AOCTOBEPHBIMMW HE CYUTANMCE. HO HUYEro HEBO3MOXHOIO B
9TOM HET, TaK Kak KOHLLEHTPMPOBAHHbIN J1Ta3€POM CBETOBOM Jly4, KAK BCEM U3BECTHO,
MOXET He TONbKO MOOKUraTb, HO 1 pe3aTb MeTansbl. A TMH30Bas aHTEHHA, KOTOPOM
obopyaoBaH rnas, ais KOHUEHTPaL MM 3HEPIM CBETOBbLIX BOJIH 1 NpeaHa3HayeHa.
He uckntoyeHo, 4To rnasa HekoTOpPbIX JIIoAeN MOryT paboTaTb U PEHTTEHOBCKOM
avanasoHe. 9TUM MOXHO 0ObACHUTb PEHOMEH HEKOTOPbIX JIIOAEN, CITOCOOHbIX
«MpPOCBEYNBATL» TEJO YeNI0BeKa, HO AJis 3TOro, Mo Ux pacckasam, UM Heob6XxoauMo
«MEPEKIOYNTLCS» C OAHOr0 BUAEHUS HA OPYroe.

YX0 N0 KOHCTPYKLMN MOXHO OTHECTU K PYNOPHbIM aHTEHHAM C KaHaBKaMu, a
BHYTPEHHE YX0 — 3TO TUNUYHAs cnupasnbHas aHTeHHa. YX0 paboTaeT Ha Npuem B
3BYKOBOM AmnanasoHe. HyBCTBUTENbHOCTb M M36MPaTENIbHOCTb YXa HAMHOIO NPEBOC-
XOOUT aHaOrMYHbIE YCTPOWCTBA, CO34AHHbIE YEJTOBEKOM.

Hoc — opraH gpixaHust 1 000HSAHUS ABASETCS TUMNYHOW COABOEHHOWN «PYMOPHOM»
aHTEeHHOWN, paboTaloLLelt NonepeMeHHo sl ynaBanBaHUs 1 UCMYCKaHUS SHEPTN B
BUAE rasa.

MmetoTcs coobLueHmnst, YTO HEKOTOPbIE NIoAN CNOCOOHbLI BUAETH JaXe HOCOM.
Kpome Toro, nonaratoT, 4TO Ha ero KOH4YMKe MMeeTCs 30Ha, BbipabaTbiBatoLLas onpe-
[ENEHHbIE BELLLECTBA, KOTOPbIE UTPaT HEMAIOBAXHYIO POJIb MPU CEKCYaNIbHOM Bre-
yeHuu. NMoaTomMy obblyat HEKOTOPLIX HAPOAHOCTEN — TEPETLCA HOCaMN BMECTO
pyKonoXxaTtusi, MOXEeT UMETb ONPEAENEHHbIN CMBbICIT.

PoT cnyxunT, B OCHOBHOM, AJ191 NpyemMa nNuLLm (TBEPAONM 1 XUOKOW SHEprun) ¢
onpeneneHnem ee BKYCOBbIX KQYECTB, HO OAHOBPEMEHHO AyONNPYET U AbIXaHWE.
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Kpome Toro, aTo TUNMYHas akyCTUYeckasi aHTEHHa-pe3oHaTop, paboTatowas Ha 3By-
KOBbIX BOJTHAX U cnocobHasi, MeHss pa3mep, PeryimpoBaTtb UX CIEKTP 1 apyrue
napameTpsbl.

Yepen no ceoen GopMe MOXET CITY>KUTb MPEKPACHOM LUMPOKOMOIOCHOM aHTEH-
HON-PE30HATOPOM, MMEIOLLLEN HECKOJIbKO LLIENIEBLIX YCTPONCTB BBOAA-BLIBOAA B
BUAE POTOBOro, HOCOBOIO, MA3HbIX N YLIHbIX OTBEPCTUN. BOrHYyTOCTb TEMEYKA U
BbIMYKNOCTM (Byrpbl) Yepena MoryT CNyXuTb aHTEHHaMM 3epkanbHoro Tuna. ®opma
1 pasMmep Yyepena, kak 1 BCE B YENOBEKE, CTPOro MHAMBUAYasbHbI. [T09TOMY MHOMBK-
ayaneH n paboynii ouanasoH, BO30YXXAaeMbIX B HEM BOJIH.

Bonockl MOXHO paccMaTpmBaTh Kak aHTEHHbI MPOBOJIOYHOMO TMNa U AN3NeK-
TpUYeCKne LWTbIpeBbIe, a BPOBM Kak CUMMETPUYHbLIE BUOPATOPbI.

lonoBy ¢ BOnocamu, BCTaBLUMMU «AbIBOM» MOXHO CPaBHUTb C HACTOJIbHOM flaM-
MOW, U3roTOBJIEHHOM N3 CBETOBOA0B, KOTOPAA NPU MOAKIIOYEHUN €€ K MICTOYHUKY
3HEeprum ABNSETCS, Kak N Apyrue oCBETUTESIbHbIE NPUOOPLI, NepenaloLLen aHTEH-
HoI, paboTatoLlel B CBETOBOM aAmanasoHe. Kctatu, y 04HOro n3 BUA0OB BOASIHbIX
CBWHOK BOJIOCbI NPeAcTaBnsiioT coboi nonbie TpyoKM 1 AENCTBUTENBHO Clerka cae-
TATCA N0A0OHO CBETOBOAAM HACTOJIbHOM Namnbl.

AHTEHHbI KOXM, KOTOpas 3alMLLAET OPraHn3M OT BHELLIHUX BO3OENCTBUA,
BeECbMa pa3HO0bpa3Hbl, HO NoOKa HEAOCTATOYHO M3y4eHbl. Koxa MMeeT MHOXECTBO
TOYEK BBOAA-BbIBOAA SHEPIN U nHOpMaLmn A5t BCEX OPraHOB, YaCTb KOTOPbIX
COBMAJaeT C akynyHKTYPHbIMU TOYKaMMU.

LLInpoko n3BecTHbiM cneunduyeckm CBOMCTBOM KOXM SBASIETCS OCA3aHME, C
MOMOLLbIO KOTOPOro NPy COMPUKOCHOBEHNN MOXHO onpeaenutb GopMy npeamera,
€ro BENINYUHY, KOHCUCTEHLMIO 1 Ap. (0CA3aHNe MOXHO paccMaTpuBaTb Kak O4HY 13
dopm BuaeHus). CneagyeTt Takke OTMETUTb MCMYCKaHWE-MOMNOLWEHNE KOXEN 1
TennoBoro nany4yeHuns. Kpome Toro, koxa y4actsyeTt B 06MeHe BewecTs. N gns
BCEro 3TOro Hy>XXHbl YCTPOMCTBA BBOAA-BbIBOAA 3HEPIUU, T. €. aHTEHHbI. /1 OHM Tam
OENCTBUTENbHO ECTb.

[MoBepxHOCTL KOXM (ee nnowaab coctaBnsaet 1.8 m? [12]) nmeeT CTpOro nHAN-
BUAYasIbHbI PUCYHOK, HE MEHSAIOLLMNIACS C BO3PACTOM.

PucyHok n3 60po3aok 4eNUT KOXY Ha MHOXECTBO TPEYroJibHUKOB 1 pOMOOB,
KOTOPbIE MOXHO pacCMaTpMBaTh Kak NPOBOJIOYHbLIE NN LW ENEBbLIE aHTEHHbLI COOT-
BeTcTBYylOWEN dopmbl. X ynopsaoyeHHbIE COBOKYMHOCTM, COCTOALWME U3 OAUHA -
KOBbIX 9JIEMEHTOB, aHa/IOrMYHbl MHOFO3/IEMEHTHBLIM aHTEHHbBIM PELLETKaM.
OTaenbHble yHaCcTKN KOXK, 06TArnBaloLLmMe niaockue, BblMyKSble UM BOFHYThbIE
dOopMbl, MOXHO paccMaTpuBaTb Kak padoyvyto NMOBEPXHOCTb 3epKasbHbIX aHTEHH
TOro UM MHOTo BUAa. HekoTopble HEOQHOPOAHOCTN BHYTPU KOXWN CMOCOOHbI
BbICTYNaTb B KaYeCTBE PE30HATOPOB, APYIrMe — HEeCUMMETPUYHbIX BUOPATOPOB,
06pa3ys B COBOKYMHOCTM aHTEHHble pelleTKn. ECTb BHYTPU KOXM U MHOTOKPaTHO
NOBTOPSIOLWMECSH CBOEro Poaa «3aMOPOXEHHbIE» BOJTHbI, KOTOPbLIE MOTYT CIY>XUTb
AHTEHHaMM MOBEPXHOCTHbIX BOJIH. Menbyaniume aMku (NOTOBbIE NOPbI) U IMKU
OonbLUEN BENNYMHBI (CafibHblE MOPbI), MOXOXME Ha PYNOPHbIE U 3epKasibHble
a@HTEeHHbl, MOTYT ObITb NPeAHa3HaYeHbl He TONbKO A9 npuema-nepeaadm XnoKo-
CTW U XMpPa, HO 1 s OPYrmx 4acTul,-BOJIH, COM3SMEPUMOr0 C HAMU UIN MEHbLLE-
ro pasmepa.

MpennonoxeHne o ToM, 4TO HEOOHOPOOHOCTM KOXW MOTYT BbICTYNaTb B Kaye-
CTBE aHTEeHH, OblnK BbickadaHo B [1], napaHHom B 2004 roay. A coBCeEM HeaBHO
(04.04.2008), nosiBunucb coobLueHus (Hanpumep, AHapeit MonceeHko: «Jlyuun npa-
BObl 3aCTaBAT BblAATb BCE CeKpeTbl», http://www.kp.ru/daily/24075/312317/), roe
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roBOPUTCS O HOBOM OETEKTOPE /XN, pa3dpaboTaHHOM U3PauIbCKUMN y4EHLIMN, B
KOTOPOM MOTOBbIE KaHas bl HENOCPEACTBEHHO UCMOJIb3YIOTCA B KAYECTBE aHTEHH.

[Ba ¢dunsuka n3 yHnsepcuteta Mlepycannma, 3ameTuns, 4TO HEKOTOPLIE U3 NOTO-
BbIX KQHAI0B UMEIOT HGOPMY LUTOMOPA, T. €. CMNPAJIbHOM aHTEHHbI, MPEaNTOXNIN
obny4aTb TENO YenoBeka 3/IEKTPOMArHUTHbIMW BOJIHAMUW O4EHb BLICOKOI 4aCTOThI,
COOTBETCTBYIOLEN paboyMM YacToTam 3TUX aHTEHH. 1 No TOMy, Kak BOJIHbI OTpaxa-
I0TCS U MOMIOWAIOTCA, CyANTb, HACKOJIbKO 3aMN0SIHEHbI MOTOOTAENNTENbHbIE KaHabI,
T. €. He npowwmnd M Yenoseka NnoT OT Kakoro-n1mMbo Bonpoca, NpuyemM genartb 3To
MOXHO HE3aMETHO AJ19 MPOBEPAEMOrO.

Koxa nanbueB Bcex noaen, Kak,
BMPOYEM, 1 APYrne y4acTku KOXun, MOXET
«BUAETb» HA HEOOJLLLOM PACCTOSAHUN,
paboTas B TENJIOBOM AnanasoHe, a npu
HENOCPEACTBEHHOM KOHTaKTE — 3a CYET

oca3aHus. Ho oTaenbHble Nioam CnocobHbl
d «BMOETb» NanbLaMM 1 HA 3HAYUTENILHOM
pacCcTosHUU, NNU A4axe CKBO3b HEMPO3payHbie Nperpanbl.

OT0 MOXEeT 03HavaTb, YTO, MO0 OHN UMEIOT aHTEHHbI C BONbLLLIUM, YEM Y
6onblUNHCTBA NMoaen, KOaDPUUNEHTOM yCuneHus, nnbo nx npueMHukn 6onee
YyBCTBUTENbHbI, MO0 OHN «BUOAT» HA OPYIrMX BOJIHAX, HANPUMEP, Ha BOJIHAxX
PEHTIeHOBCKOro AManasoHa unu apyrmux, obnagatowmx 6onbLien npoHnKawLwen
CNocoBHOCTbIO, YeM CBETOBLIE, IMOO BCE BMECTE B3STOE. AHTEHHbI, OT/INYalo-
LWMECS OT aHTEHH OPYrMX y4aCcTKOB KOXW, HA NOAyLLIEYKaxX NasbLEB AENCTBUTENb-
HO eCTb. Y MHOIUX JIIOOEN OHU CBEPXY UMEIOT BUA NOCKMX cnvpanen (puc.,
cnesa), a B ce4eHUn — KaHaBoK. [103TOMY MX MOXHO paccMaTpuBaTh Kak 00blY-
Hbl€ MNJIOCKME CNUpPaibHbIE aHTEHHBDI.

Pabounii puana3oH 1 HanpaefeHHble CBOWCTBA MIOCKOM CNVPAasbHOM aHTEHHbI
onpenensitoTcs, Kak USBECTHO, FTEOMETPUYECKMMN Ppa3MepamMm €€ BUTKOB B AJIMHAX
BOJIH, @ TaKXe MUX YACIOM U MJIOTHOCThLIO PACMOIOXEHNS, @ CNNPasbHbIX CUCTEM —
YyNopsA0HEHHOCTBLIO PACMOIOXKEHUS U KONMYECTBOM 06Pa3yioLLMX UX OANHAKOBbIX
cnvpanen. Micxogs ns BUgyiMbix pasmepoB Cnvpanen (M MHOMMX APYrMx aHTEHH,
PacnonoXeHHbIX Ha KOXe) UX paboynii AmanasoH CO CTOPOHbI AJIMHHbLIX BOJH 0 -
>KEH OrpaHnNyYMBaTLCA MUAIMMETPOBBLIMI BOJIHAMU, a AN ONPEeAeeHns ero rpaHnLb
CO CTOPOHbI KOPOTKMX BOJSIH HEOOXOAMMO PAaCCMOTPETb AaHHbIE CrMpann Nog, O4eHb
CWUJIbHBIM MMKPOCKOMNOM. He NCKITIOYEHO, 4TO CaMble KOPOTKNE BOJIHbI, COOTBET-
CTBYIOLME CaAMbIM MaJIEHBKMM BUTKaAM Cnvipanu, aas OTAENbHbIX JTI0AEN OKAXYTCS
CON3MEPUMbIMU C BOJSIHAMU HE TOJIbKO CBETOBOr0 AMana3oHa, HO U PEHTIFEHOBCKOIO,
M paxe ramma guanasoHa, nnm ewe 6onee KOPOTKMMM M HAM NoKa HEN3BECTHLIMMU.

Koxa siBnsietcs «obnagatenemM» MHOXECTBA aHTEHH (M @HTEHHbIX CUCTEM), pac-
NMOMTOXEHHbIX HA CaMOl MOBEPXHOCTU. M 3TK aHTEHHbI CNOCOOHLI NOrNowWaTb-ncny-
CKaTb YaCTULbI-BOSIHbI CAMOI Pa3HOW AIMHbI, BKJIOYAs CTOJIb KOPOTKUE Kak ramMmma-
n3Ny4yeHune, N, BO3MOXHO, HEM3BECTHbIE HAM YaCTuMLbI-BOJIHbI eLle 6onee BbICOKMX
aHepruii, obnagatowme (6narogaps CBOEN MasloCTN N «3HEPIMYHOCTU») elle 60b-
wen, YeM raMmma-unsnydyeHme, NPOHNLLAEMOCThIO.

Bes Takmx aHTeHH Kak rnasa, ywmn 1 HOC YeNIOBEK MOXET XUTb. OH MOXET XUTb,
BEpPHEE, BNa4nTh, KAk CHMUTAIOT, PACTUTESIbHOE CYLLLIECTBOBAHWE, AaXe NPu OTCYT-
CTBUM aKTUBHOW MbIC/IUTENBHOM AEATENBHOCTU MO3ra, XOTS TaKylo XU3Hb (XKU3Hb
Tena 6e3 akTUBHOWM PaboThbl €ro NOAEBOW COCTABASIOLLEN — AyLIW) NOSIHOLEHHOMN
>KM3HbIO Ha3BaTb HeNb3sl. OQHAKO NPY NOBPEXAEHNN 3HAYUTENIbHOIO NPOLLEHTA KOXN
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OH XWTb HE MOXEeT. OTO KOCBEHHO NOATBEPXOAET MOBLILLEHHYIO 3HAYNMOCTb KOXM
0N nogaepXXaHus XU3Hn purusanyeckoro tena.

AHTeHHbI Tena, NpeacTaBieHHbIE PA3/INYHBIMU COYETAHUSIMU €r0 PYK, HOM U
TynoBuwa, cnocobHbI NepeBoMnNIoWaTbCs B padHble aHTeHHbI, J1H KOTOpbIX MOXHO
JIErKO PErynnpoBaTth, a TakXke MEHSATb UX MPOCTPAHCTBEHHYIO OPUEHTALVIO.

Pykn v HOrV NpU N3MEHEHNM NX NOJTIOXKEHNS OTHOCUTENBHO APYr Apyra n Tena,
CNOCOOHbI BLICTYNUTbL, HANPUMEP, B KAYECTBE BUOPATOPOB (LUTbIPEBbLIX, CUMME-
TpU4HbIX, I 1 T — 06pasHbIX), YronkoBbIX aHTEHH C pa3HbIM YINIOM pacTBopa, a
TakXke B Ka4eCTBe TYPHUKETHOW (KPecToobpa3Hoii) aHTeHHbI, KOTOopas Npu Bpalle-
HUM cnocobHa NPeBpPaTUTLCH B BUKOHMYECKYIO, N MHOTUE ApYyrue.

Manew, MoXHO paccMaTpuBaTb Kak HECUMMETPUYHbLIN BUOPATOp UK CTEePXHE-
BYIO ANINEKTPMYECKYIO aHTEHHY, @ YEThIPE NasbLia, PACMOJIOXEHHbIE NapasnienbHO
APYr Opyry, Kak CUCTEMY N3 YETbIPEX NPAKTUYECKN NAEHTUYHbIX LUTBIPEBLIX U ANI-
NEKTPUYECKNX CTEPXXHEBbLIX QHTEHH.

JlapoHb BMECTE C npukaTbiMy OPYr K APYry NanbLaMmy MOXET CNY>XUTb 3epKasb-
HOW aHTEHHOW, KPUBU3HA 3epKasia KOTOPOM MEHAETCS C YBENIMYEHNEM-YMEHbLLEHN -
€M e€e BOrHyTOCTU, a PacnosioXXeHne nagoHn B MPOCTPAHCTBE ONpenenseT Hanpa-
BNEHME NpMema-nepenaym aHeprumn.

VIMEHHO aHTEHHbIE CBOWCTBA 1a40HN Mbl UICMOb3YEM, KOrga NpuknaabiBaem
€€ K yXYy, ECJI1 MJIOXO0 CAbILWNM, NN K BONIbHOMY MECTY, CTPEMSICb, BO3MOXHO, OTpa-
3UTb Ha3a[, «BbITEKAOLLYIO» N3 HEr0 3HEPTUIO NN CKOHLEHTPMPOBAaTL ee B 6OJbHOW
TOuKe.

Bce, 4TO cKasaHo BblIlE 0 pykax, OTHOCUTCS U K HOFaMm, XOTH X aHTEHHbIE CBOM-
CTBa Mbl UCMOJIb3YyEM B MeHbLLEM 0O6bEME.

Tynoswuliiie BMECTe C pykaMun 1 Horamu criocobHo co3aasaTtb, Hanpumep, nio-
CKME YyronkOBbI€ aHTEHHbI 1 3ePKasibHbIE C KPUBOSIMHENHOM MOBEPXHOCTHIO PAa3HOM
¢$OopMbI, HanpaeneHHbIe B pa3Hble (OTHOCUTENBHO LieHTPa 3eMnu 1 CTOPOH CBeTa)
CTOPOHBbI.

Ocob6eHHO HarnssaHO aHTEHHbI Pa3HbIX BMOOB NPOAEMOHCTPMPOBaHbI 0OLLINP-
HbIM KOMIMJIEKCOM CTaTUYECKUX MOrOBCKUX YIPaXHEHNIN, KOTOPbIE, HECMOTPS Ha
CBOIO CTaTuKy, OKa3bIBAIOT CUJIbHOE BINSIHME HE TOJIbKO Ha GpU3nNYEeCKOe, HO 1 Ha
[yXOBHOE COCTOSIHME YenoBeka.

KocTu Tynosumia Takxke ABAFI0TCH aHTEHHaMU. [pyaHas Knetka MOXET CIyXUTb
0OHOM 13 mogndurkaumin NPOCTPAHCTBEHHOM CMMPanbHOM aHTEHHDI, @ IONAaTOYHbIE
1 Ta30Bbleé KOCTU — HEOCECMMMETPUYHbIMU 3epPKasibHbIMW @HTEHHAMM, MEPBUYHbIE
«0bnlyqyaTenn» KOTOPbIX BBIHECEHbI U3 LIEHTPA UX «PacKpbiBa».

B kayecTBe «0bnyyaTenen» aTMx aHTEHH MOTYT BbICTYNaThb Xeneabl,
pacnonoXeHHble COOTBETCTBEHHO MNOAMBILLKAMW U B Naxy, Tak Kak OHU
UrparT O4YEHb BaXHYIO POJIb B XXM3HEOEATENbHOCTN OPraHn3ma v akTUBHO
pearvpyloT Ha USBMEHEHME €r0 COCTOAHUS.

[MO3BOHOYHVK MO CBOEW KOHCTPYKLMWN aHANOrM4eH aHTEHHE, U3roTo-
BJIEHHOW N3 AnanekTpuyeckunx wanb. Ha rpaHnue Nno3BOHOYHMKA 1 Yepena
npocmaTpmBaeTcs yMeHbLLeHHast konus Yepena. Ecnn aTto He urpa Boo6-
paxeHnsa aBTopa 3Toro pucyHka [13], To nogobHoe coBnageHe Bbi3blBa-
€T MHOXECTBO BOMNPOCOB, OTBETOB HA KOTOPbLIE MOKa HeT.

Mpupopna, B oTANYME OT YENOBEKA, KOTOPLIN CTapaeTCca UCMNONb30-
BaTb NPOCTbIE KOHCTPYKUNN N MPUMEHATb CTaHOAPTHbIE AeTann, HA
KOHCTPYKTUBHbIX, HN TEXHOJNIOMMYECKNX TPYAHOCTEN He «6onTtcsa». OHa
MCXOOUT U3 NPUHLMNA Hanbosiee NOSTHOrO BbINOIHEHUS TON U UHOM
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KOHCTPYKLMEN CBOEro LLeNeBOro npegHasHadyeHums. NMo9ToMy ee aHTEHHbI, BKIIO-
yasi NO3BOHOYHWK, 3HAYUTENbHO BOJiee CIOXHbIE M MHOTOMYHKLUNOHaNbHblE. C
TOYKU 3PEHUNSA ONINEKTPUYECKON aHTEHHbBI pOopMa Kax40ro NO3BOHKA A0JIKHA
obecneynBaTb B MIOCKOCTU, NepneHanKyNsapHON OCKU NO3BOHOYHMKA, [AH He
KpyroBoi, a 6osiee CNnoxHoi (cneuyanbHon) popMbl. PasHblii pasaMmep NO3BOH-
KOB Ha pa3HbIX y4aCTKax MO3BOHOYHMKA MOXET CBUAETENLCTBOBATL O Pa3HbIX

p aboyunx auanasoHax ero oTAesbHbIX y4aCTKOB, a Nepexo No3BOHKOB OT OAHO-
ro paamepa kK Apyromy, npuyem naaeHblii, — O LWUMPOKOM paboyemM ananasoHe
n/nnn obecrnevyeHnn Nx XopoLero Mmexay cobor cornacoBaHus. YMeHblLUEeHHas
MOJLENb Yepena, KoTopasa NPOCMaTpPUBaAETCHA B BEPXHEN 4YaCTU NO3BOHOYHMKA,
Kak 1 nobas gpyras yMeHbleHHas Mogenb, Ao/kHa paboTaTb HA HECYLLIMX BOJI-
Hax, YMEHbLUEHHbIX B TO XX€ CaMOe YMCo pas, B Kakoe AaHHas MOAENlb MEHbLUE
peanbHOro opurnHana.

AHTEHHbI MO3ra CKpPbITbl OT HaLLEro HENOCPEACTBEHHOIO
HabNIOAEHNS], HO 3TO HE 3HAYUT, YTO UX HET, TeM Boslee, 4TO MO3r
(ronoBHOW 1 CAMHHON) ABNSETCA BbICLLUMM OTAENIOM LEeHTpasb-
HOW HEPBHOW CUCTEMBbI, PEFYNPYIOLLUM N KOOPANHUPYIOLWVM
BCE XXM3HEHHO BaXXHbl€ PYHKLUMN OpraHm3ma npm ero B3anmo-
OENCTBUM C OKPYXaloLLLEN Cpeao.

Moar, kak cYMTaloT y4YeHble, BbICTYMNas B KAYECTBE aHann3a-
Topa 3BYKOBbIX BOJIH, CNOCOOEH OnpeaensTb He TOIbKO 4acToTy
U aMnanuTyay, HO U CMEKTPasbHbIA COCTaB COXHbIX 3BYKOBbIX
konebaHuin. Mo3r yenoseka (1 He TOJIbKO YesI0BEKA) B HACTOS-
Liee BpeMS aKTUBHO M3y4HaeTcsl, HO OCHOBHbIE €ro TalHbl NOKa He OTKPbITbl. O4YeHb
MHOro ycunuii npunaraeTtcs K pacmdpoBke MHopMaumm, ¢ KOTopor paboTaeT
Mo3r. Ho aTu ycunma HanpasneHbl, B OCHOBHOM, Ha BbIICHEHNE BO3MOXHOCTU CO3-
[aHNS NCKYCCTBEHHbIX 2aHAIOMOB €ro OTAESIbHbIX YACTEN, BbINMOJHAIOLWMWX T€ NN
VHble QYHKLUUN, U HA paclundpOBKY ero OTAENbHbIX MMMNYJIbCOB, & HE HA U3Y4YEHNE
ero kak EAMHOIO komnnekca, ocyliecTasiowero o06paboTky 1 aHanu3 nocTynato-
LWEN K HEMY U3BHE N U3HYTPU MHdOpMaLMn, a TakkKe OCYLLECTBASIOWEro KOoOpaAnHa-
umio paboTbl BCEro opraHu3ma.

[0NOBHOI MO3r NO CBOEWN KOHCTPYKLMKW NPeacTaBnseT cob0o MHOXECTBO pe3o-
HaATOPOB N aHTEHH pa3Horo Tmna. BonHoobpa3Has NOBEPXHOCTb OTAEJIbHbLIX C/TIOEB
MO3ra MOXET CNYXWUTb, HANPUMEP, aHTEHHOW NOBEPXHOCTHBIX BOJIH, @ CMCTEMA
«LUTbIPEN», HAMPABMIEHHbIX BHYTPb YEpEna, — aHTEHHOW PELLETKON.

BecbMma ntob6onbITHLIM ABASETCS BUL FO/IOBHOro Mo3ra [13] co CTOpOHblI MO3-
Xeyka. Tam COBEPLUEHHO OTYET/IMBO NPOCMAaTPUBAETCS KOHCTPYKLMS YENIOBEYECKOIO
Tena, «BUCSILLLEro» Hag ToponaanbHbIM «BUXpeM». YTo aTo? CnyyariHocTb? Urpa
npupoabl? LLlytka aBTOpa gaHHoOro pucyHka? inn ato ymeHbLLUEHHas MOLESb YENO-
Beka? Ho ecnu mopesnb, TO C HEelM MOXHO B3aMMOENCTBOBaTb Ha Oosiee «TOHKOM»
3HEProvHdOpPMaLMOHHOM YPOBHE, YEM C CAMUM YENTOBEKOM, HA HECYLLIMX YaCTMLAX-
BOJIHAX 3HAYUTESIbHO MEHbLUEN BENYNHDI.

CnuHHOIM MO3r C ero pacnpenenuTesibHOM CeTbio HePBHbIX BOJIOKOH (KCTaTw,
ceyeHne HEPBHOMO BONIOKHA NpeacTaBnseT coboi TUMUYHYIO Cripasb) MOXHO pac-
cMaTpuBaTtb M KAK MHOIO3/1IEMEHTHYIO @HTEHHYIO CUCTEMY, BKJIOHash BUKOHMYECKYIO
MHOrO3/IEMEHTHYIO aHTEHHY M MHOXECTBO @HTEHH «MPOBOJIOYHOrO» TUMa.

Yakpbl, KOTOpble NOAPOOHO PACCMAaTPUBAKOTCS B Pa3HbIX BOCTOYHBIX YHEHUSIX,
BbIMMSAAT N0 ONMUCAHUIO TEX, KTO NX BUANT, TUMNYHBIMY PYNOPHBIMW aHTEHHAaMMU,
006pa30BaHHbLIMU YNJIOTHEHNEM 3HEPIUN.
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Yakpbl, 10 ONWCAHUIO «O4EBUALEB>», PACNOI0XEHbI BAOJIb MO3BOHOYHMKA CO
CTOPOHbI CNUHbI NMPUMEPHO B TEX MECTAax, rAe OTBETBSIOTCS «My4Kn» HEPBOB,
«KYpPUPYIOLLME» OCHOBHbIE CUCTEMbI OPraHM3ma. Bo3mMOXHO, 4TO Yakpbl MOXHO pac-
cMaTpuBaThb Kak «MnoJsieBblie» 006pa3oBaHus, GpopMmnpyemble BUKOHNYECKOM aHTEH-
HOW-MO3BOHOYHUKOM B COOTBETCTBUM C ero [1H. A oHu, B CBOIO o4yepenp, ABNAI0TCA
PYNOPHBLIMW @HTEHHAMM OJ1S HaCTUL-BOJIH OPYrX BUAOB 1/Mnv Ananas3oHoB. bonb-
LUMHCTBO NI04EN Yakpbl HE BUAONT, HO 3TO HE JAET UM HMKAKOro npasa oTpuuaTb NX
cyuiecTBoBaHue. BCnomMHUTE, 4TO COBCEM HEAABHO OTPMLANIOCH W HANUYKE «CBeYe-
HUsI» BOKPYI Tena Yes0oBeKa, BUANMOE PaHEE HEMOCPEACTBEHHO MLLb OTAEbHLIMA
noapMmn, a cenydac (npuv NoMoLLy NpruOopPOoB) ero MoOXeT BUAETb SI0O0N XenatoLyi.

TalHbl MO3ra B TEYEHME BCEN CBOEN XN3HN NbITANaCb PACKPbITb akaaeMnk
PAH Hatanbs bextepeBa, yweplwas ot Hac B 2008 roay B Bo3pacTte noyTtn 84-x net.

B cBoein ctatbe: «<Mo3r oXmBngeT Teno» OHa, B HaCTHOCTU, Nnucana: «Hukak He
oTpuLas OrpoOMHYIO NONb3y N HEOBXOANMOCTb BGU3NYECKNX TPEHNPOBOK, NPaBuJlb-
HOrO NUTaHUS, CYNTAIO BAXHbIM MMEHHO CEroAHS, yYNTbiBad TEHOEHLMN COBPEMEH-
HOro Mmpa, NoAYEPKHYTL LLe1ecoobpa3HOCTb HanpaB/IeHHOW akTUBaLLMKN TBOPYECKO-
ro NoTeHUMana mMo3sra». « ..BHyTPEHHSAS CU1a MbIC/IX, MPOLLECC TBOPYECTBA MOIYT HE
TOSIbKO MOMOYb NPEOA0NIETb GUNYECKME HEQYIN, HO U SHAYUTENBHO NPOANNTD
>KN3Hb». «...BbICOKMIA YPOBEHb MHTENIEKTA MOXHO pacCcMaTpmMBaTh Kak 04HO 13 065 -
3aTesIbHbIX YC/I0BMIA MOIHOLEHHOM XU3HW...». N 9TO BblNo NOATBEPXAEHO NCCNEao-
BaHWSIMM, NPOBeAeHHbIMU B BennkobputaHmum, KOTopble nokasasnan, 4TO CMEepPTHOCTb
N0AeNn, Ha MPOTSKEHUN XN3HN 3aHMMABLLNXCS YMCTBEHHbLIM TPYOO0M, OKka3anachb B
yeTbIpe pa3a HUXe No CPaBHEHUIO C TEMU, Yell MO3I He UCHbITbIBaa Nog006HON
HarpysKku.

Hatanbsa bexTtepeBa paroBana 3a BOCNUTaAHUE YEN0BEKA C HOBbIMM BO3MOXHOCTS -
MW — CBEPXBO3MOXHOCTAMW. PeanbHOCTb Takolr 3agayqn oHa BUaena B TOM, 4TO B
00OLLECTBE YK€ UMEIOTCS TE, «KTO CMOCOBEH HAX0AUTb MaKCUMYM NPaBUIbHbIX peLe-
HWI B yCNoBusX aeduumta BbiIBEAEHHOM B CO3HAHWE MHGOpMaLmMn», KOTOPbIE OLIEHMBA-
I0TCH cenyac kak obnagaTenu TanaHToB U aaxe reHun. Ho «B XU3HM He TOJIbKO reHus,
HO 1 0ObIYHOIO YenoBeka BpeMeHaMM BO3HMKAIOT COCTOSIHUS 03apeHunst».

Hosenwue nccnegoBaHmna Mo3ra OCHOBbLIBAIOTCH, B OCHOBHOM, Ha perncrpa-
LMK (TEM UM MHBIM MYTEM) aKTUBHOCTU €ro OTAESbHbIX Y4aCTKOB, HO MMEIOT MECTO
1 UCCNEO0BAHMS C MOMOLLBIO PErVCTPALMN SNIEKTPOMArHUTHOIO N3Y4EHNS MO3ra
1, HA0OOPOT, ero 0bsy4eHUs 3NEKTPOMArHUTHBIMW BOJIHAMM TOM UV UHOW OIVHbI.
VlccnepoBaHua Mo3ra BeoyTCH B CaMbiX Pa3HbIX HanpaeieHusx. Hekotopble pesyib-
TaTbl, a Takxke crnocobbl NCcnenoBaHns, NOATBEPXAAIOT NPAaBOMEPHOCTb NOAxXoAa K
YenoBEKY Kak K TEXHNYECKOMY YCTPOMCTBY. H/Xe nepeyncneHo (MHoraa ¢ KpaTkom
aHHOTauMen) BCEro NNLb HECKOJIbKO CTaTEeN CO CCbISIKAMU HA NCTOYHUK MHPOpMa-
Lmn:

YyeHble Hay4nnncb n3bumpartesisHo CTUpaTb NaMsATb Y MbILLEN,
http://www.rian.ru/science/20081023/153704931.html , 23.10.2008 (YuyeHble Hay-
YUNCb CTUPATb NaMATb Y Mbllel 06 06bekTax, BUAEHHbLIX B TEYEHNE NOCNEOHErO
yaca, 1 naMsATb O CTPALLHbIX COOLITUAX, MEePEXUTbIX 3a NOCNedHNIA MecsL, He NoB-
pexgas npu 9ToM Apyrne Buapl Nnamatin).

BbisiBneH yyactok Mo3ra, oTBeYatoLuii 3a CTpeMeHne npodoBaTb HOBOE,

http://rnd.cnews.ru/natur_science/news/line/index_scien-
ce.shtmI?2008/06,/26/306567 , 26.06.2008.

YueHble Hay4nnu KOMNbOTeEP BUOETD, http://lenta.ru/news/2008/03/06/brain/ ,
06.03.2008 (YuyeHble cMOrnn ¢ BbICOKOW TOYHOCTbLIO YraAblBaTb, KAKO 3pUTENbHbIN
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obpa3s NocTynaeT B MO3I UCMbITYEMOIrO NPV MOMOLLIM METOANKU, NMO3BONSAOLLEN CKa-
HMpPOBaTb cnabble TOKM KPOBWU B MO3IY UCMbITYEMOIO).

YueHble BbISICHUN, HACKOMBKO Y YENOBEKa KOpOoTKaa namsTb, http://www.fontan-
ka.ru/2008/04/30/079/, 30.04.2008 (HenoBek He B COCTOSIHMM BbINOSIHATbL OAHOBPE-
MeHHO 6oJ1ee YeThbIpex 3aaHnin, Tak Kak paboyast namMsiTb YHENOBEYECKOr0 MO3ra, Npea-
cTaBnsowas coboli 6bICTPbI B KPAaTKOBPEMEHHOM NaMSITU B MO3ry YeNoBeKa, KOTO-
PYIO C HEKOTOPO A0NEN YCIIOBHOCTM MOXHO CPaBHUTL C KELU-MaMAThiO MPOLLeccopa,
MMeeT Masiblli 00BbeM, HO OHa camas ObicTpas). KctaTtn, cpaBHeHMe YenoBeka ¢ KOM-
NbIOTEPOM BbISIO CAeNnaHo B KHUre « «<KTo Mbl?...», n3pgaHHol ewle B 1998 roay.

YyeHble 06HapyXnnn B Mo3ry 4esioBeka 30Ha KOpbICTU W YecTonobus,
http://primamedia.ru/news/show/?id=69148 ([eHexHoe Bo3HarpaxaeHue, nosbl-
LeHne coumanbHOro ctatyca u noxeana akTMBMPYIOT OOHY U Ty Xe obnacTb Mo3ra).

YyeHble NpUsHanm, 4To reHManbHOCTb U CyMacCLUeCTBME HEPA3AETMMbI,
http://www.neboley.com.ua , 26,02.2008 (IMcuxuaTpmnyeckme paccTpoiicTea MoryT
pasBMBaTbLCS B NONOXUTENBHOM W OTPMLIATENIbHOM HanpaB/ieHMN Pa3HbIX Hanpasene-
HUAX, FEHbl ayTU3Ma MMEIOT CXOXYK NPUPOAY C TBOPYECKUM Havyasiom).

MceneposaHa dusuvonorua namsat y wnsodpeHnkos, http://www.membra-
na.ru/lenta/?8083 , 20.03.2008 (B pesynbrarte onbITOB BbISCHWUIOCH, YTO Y 340POBbIX
NCMbITYEMbIX NPY 3aNOMUHAHNUM AENCTBYIOT YETKO ONpeaeNieHHble 30Hbl KOpbl. Y
LWN30dPEHNKOB Xe 3T 061aCTU HAMHOIo OBLLIMPHEE, 1 MeXAy HAMWN BO3HUKAKOT
6onee cnoxHole cBA3W. Jaxe ecnu ans HopmanbHoM paboTbl NaMaTn TpebyeTcs
aKTUBHOCTb, HANpUMep, B NpaBoM MosyLapun, To Npu Wn3odpeHnn oHa GUKCUpo-
Banacb cpady B 060umx. OBHapyxmaach 1 gpyrme nHTepecHble 0CobeHHoCTU. Mpn
3TUX UCCNe0BaHUAX NMPUMEHSNINCD ABE METOANKN: DYHKLMOHANbHAA MarHUTHO-
pe30HaHCHas ToMorpadus 1 cnekTPockonus B 6GnvxHen MHgpakpacHo, OCHOBaH-
Has Ha uccnegoBaHny paboTbl MO3ra C MOMOLLLIO PErMCTPaLMN Ero SNIEKTPOMArHnUT-
HOr0 N3Ty4eHns Ha AJIMHe BOJH B MHTepearne ot 800 oo 2,5 Thicsy HAHOMETPOB, T.e.
NMoYTW Ha rpaHnLLEe BUAMMOIO U MHGPaKPaCHOro Anana3oHoB).

CnocoBHOCTL BEPUTL N MOJINTLCA 3aJI0KEHA B CTPOEHMN MO3ra YesoBeka ,
http://www.interfax-religion.ru/?act=news&div=24363 , 08.05.2008.

YyeHble BHOBb CTaBAT HanmMyme cBoboabl BOIM MO, COMHEHME,
http://rnd.cnews.ru/natur_science/news/top/index_science.shtmil-
2008/04/14/297024, 14.04.2008.

(Mo n3amMeHeHnsIM MO3roBol akTMBHOCTM MOXHO Npeackasatb NPUHATOE YENo-
BEKOM pELLEHME 3a HECKOJIBKO CEKYH[, [0 TOrO, Kak OH cam ero oco3Haet. iccneno-
BaHMe He JaeT OTBeTa Ha BOMNpPOC, CyLeCcTByeT im cBob6oaa Bonu. Peub naeT o Heoc-
O3HaHHOM MJIAaHMPOBAHNN OCO3HAHHOIO PELLEeHNs).

HeBeposaTHbI NI O4EBUAHbI «aHOMaJIbHble» CMOCOOHOCTU YesioBeKa,
BKJIIOYaa anbTepHaTUBHOE BuaeHne? O4eBUAHOCTb CYLLECTBOBaHNSA TaKnx
CnocoOHOCTEN YyBeNMYNBaETCS C KaXabiM OHEM.

KOHCTPYKTMBHbIE MapaMeTpPbl IMYHbLIX aHTEHH KaXO0ro YesoBeka BecbMa MHAN-
BUAYasbHbl, CNEACTBMEM YEro ABNSETCH U MHOUBUAYAIbHOCTb MX MOJIEBbIX XapaKkTe-
puCcTKK. BnonHe o4eBMAOHO, 4YTO Y OTAESbHbIX NIOOEN HEKOTOPbLIE NapaMeTpbl UX
@HTEHH MOTYT 3HAYUTESIbHO OTKJIOHATLCA OT CPeAHECTAaTUCTUYECKON HOpMbI. Cnea-
CTBMEM 3TOr0 ABNSIETCS BO3HMKHOBEHME CMTOCOOHOCTEN, TakKe OTK/TOHSIOLLMXCS OT
CpeaHecTaTUCTMYeCcKOo HopMbl. I MMEeHHO Takme cnoCoBHOCTM Mbl NMPUBLIKIW Ha3bl-
BaTb aHOMaJbHbIMW, XOTS HGaKTUYECKN OHWN SBASIIOTCHA BNOSIHE HOPMaJsibHbIMU ON15
TOr0 W MHOTO Tena, OT/INYAIoLWErocs onpeneneHHbiM 06pa3om OT ApYrux CBOEN
KOHCTPYKLUMEN.
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Kak n3BecTHO, Npy MOMOLLM CO3AAHHbIX YHEJTOBEKOM TEXHNYECKNX YCTPONCTB
MOXHO «BUAETb» HE TOJIbKO B AMana3oHe 06bI4HOro CBETa, HO U MHGPaAKPaCHOro, 1
yneTPadmOoNEeTOBOrO N JAaXe PEHTIEHOBCKOIr0 N3Y4YEHUS, YTO LUMPOKO NCMOMb3YyeT-
CS1 NPY N3Yy4EHUM KOCMOCa U B MeguuyiHe. A B puramnke Mmrukpommpa nHdopmaumio o
MHOMMX YacTuuax noJsiydatoT, Hanpumep, «6omMmbapanpys» UX ele MeHbLUMMKW YacTu-
uamum. U ato Takxke aBnseTcs ooHom ns GopMm «BUAEHUS» (NOSy4EHNS MHGOPMaLNKn)
MHorune pbi6bl 1 XNBOTHbIE CNOCOOHLI «BUOETL» HA BOSIHAX YNbTPa3BYKOBOro Anana-
30Ha, BOJIHAx 3anaxoB u Apyrux. Tak nodyemMy 6bl pasinyHbLIMM BUAAMW BUAEHUS HE
obnagartb 1 YeNoBeKy, KOTOPOro cumTaeT cebs BeHLOM Mpupoapbl 1 co3aaHHbIM MO
obpagzy n nogobuo Boxuio?

B nocnenHue rogbl noseunack nHGopmMauuvs 0 Tak Ha3bIBAEMOM aJibTEPHATUB-
HOM (1N NpsiIMOM) BMAeHUN (6e3 noMoLum rnas), KOTopoMy y4aT B wkone Bayecna-
Ba Munxannosnya BpOHHMKOBA, KaK ChenbiX, Tak 1 3pA4nX, NPUYEeM CUMTaeTCs, 4TO
Takoe BMAeHne, B TOW UM MHOW CTENeHn, MOXeT OCBOUTL Ntoboi Yenosek. Mccne-
[OBaHMEM 3TOro peHomMeHa 3aHUManucb B IHCTUTYTE MO3ra noj, pykoBOACTBOM
akagemuka PAH n PAMH Hatanbu NeTpoBHbl BexTteposoi (CeeTnas e namstb!) n
NPULLAN K BbIBOAY, YTO TAKOE BUOEHME CYLLECTBYET.

lMpoBeneHHbIE UCCNEa0BaHMA NOKa3anu, YTo albTEPHATUBHOE 3PEHNE HE
nosiBNsieTcs camo no cebe, ero Hafo «BKIOYNTL>» ycunuem Bonun. MNMpn aTom anek-
Tpuyeckasi akTMBHOCTb MO3ra CTaHOBUTCS 6onee BbICOKOYaCTOTHOW. [1151 06bsICHE-
HWS aNbTEPHATMBHOIO 3peHNS OblNo NPeABapPUTENIbHO BbIABMHYTO OBE MMMOTE3bI.
CornacHo oaHoM, KNeTKM MO3ra HanpsiMyto akTUBU3MPYIOTCS dakTopaMmn BHELLHEN
cpefbl, BO3MOXHO, 9/1IeKTPOMarHUTHbIMU BoSIHAMK. CornacHo BTOPOW — anbTepHa-
TUBHOE BMOEHME OCYLLECTBASETCS NPKU NoMoLm Koxn. O6e aTn rmnoTesbl XOpoLlo
COIMacyTCs C NpeasiaraémMbiM BbilLE TEXHUYECKUM MOAX000M K YENIOBEKY U BMOHE
MIMEIOT NPaBo Ha CyLLEeCTBOBaHME, XOTS BO3MOXHbI U ApYrne o6bsacCHeHUs.

Tak Kak Npu nccnefoBaHusx ObIo 4oKa3aHo, YTO rna3a B albTepHaTMBHOM
BUAEHUN HE Yy4ACTBYIOT, TO 9TO O3HAYAET, YTO NPV 3TOM BUAEHNM 3a4ENCTBOBAHbI
Kakme-To HOBblE YCTPOWCTBA BBOAA QHEPrONHGMOPMALIMIOHHBIX CUTHANOB, KOTOPbIE
dakTMYeCKn ABIFIOTCA aHTEHHAMK. B nx ka4eCcTBE MOryT BbICTYNaTb U ONpPeaesieH-
Hbl€ y4aCTKUN KOXM, 1 MOBEPXHOCTb CAMOro MO3ra, 1 KOCTU 4epena, 1, BO3MOXHO,
4TO-TO ewe. Ecnu Bbl 3TV @HTEHHbI YOanN0Ch HANTW, TO TalHa anbTEPHATUBHOIO
BUAEHUS Obina Obl packpbiTa. BoT rae npurogunmck 6bl 3HaHMS cneuuanmcToB No
AHTEHHOW TEXHMKE.

TexHn4Yeckuii Noaxon K HenoBeky 00bACHAET U HaMbBObLLYIO BEPOSTHOCTL yCTa-
HOBJIEHNS TEIeNaTMYecKolr CBSA3N Mexay 6IM3KMMM Mo KPOBU U/UAn AyxXy NI0AbMN,
peanbHOCTb KOTOPOW YXe BblHYXAeHa Npu3HaTb oduumnanbHas Hayka. 9TO MOXHO
00BACHUTL TEM, YTO BIN3KNE NIDOUN UMEIOT U CXOXME NapamMeTpbl CBOMX MPUemMo-
nepegaloLmx CUCTEM, BKIIOHAs HECYLLME YACTOThbl, 8 MO3TOMY UM JIerye noacTpo-
WUTbCA OpYr NoA Apyra (BonTM B pe3oHaHc). Hanbonbluasa BeposSTHOCTb BOSHUKHOBE-
HWS TaKOW CBA3M B 3KCTPEMAJIbHbLIX CUTYaLMSX, OObACHAETCSA TEM, YTO MMEHHO B
Takne MOMEHTbI MPOUCXOANT Hanbonee MOLLHbIA BbIBPOC 3HEPTUN C ee KOHLLEHTPa-
LMen B HarpaBleHUM oNpeneneHHoN «Uuenn».

2.4.3. AHTeHHbI A1 4e/I0BeKa KaK 4aCTuLbl-BOJIHbI

Ecnn mbl camu siBRsieMcs YacTulaMn-BosIHaMu, TO U 1 YHeN0BeKa JOMKHbI
CYLLECTBOBATb @HTEHHbI, CNOCOOHbIE BO3AENCTBOBATL HA HEIO Kak Ha YacTuLLy-
BOJIHY, MPUTATMBATb U OTTAJIKMBATb €ro 3a CYET CBOEI 3HEepreTUYeckom KoOHbUry-
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pauumn (bopmbl), ECM OH NONAJET B 30HY AENCTBUS TAKOM aHTEHHbI. B npuHumnne,
MOXHO co34aTb Nnapabonnyeckoe 3epkasno Takoro paamepa, KoTopoe CrnocobHo
CNYXWUTb 19 YenoBeka aHTEHHON, HO 3 dEKT ero NPUTIXKEHNST MOXET ObITb BUOW-
MbIM TOJIbKO TOrAa, KOraa BO3OenCTBNE Ha YesioBeka APYrnx (CTOPOHHWX) cun yaet
cnabee, 4eM JAHHOM aHTEHHbI, 8 OH CaM OKaXXeTCs B 30He ee BINAHNS. Bo3MOXHO,
Korga-HMbyab Takol aKCnepuMeHT OyOeT NoCTaBeH B KOCMOCE.

MpupogHbiMm B0, cNOCOBHBLIMM BO3OENCTBOBATL HA HYE/I0BEKA aHAIOMMYHO
aHTEeHHaM, SBNSIOTCS NyHHble «MOpsi» 1 NaTHa Ha ConHue. VX ycuneHus Ha cTosb
60/1bLLIOM PACCTOSAHUM HEAOCTATO4YHO, YTOObI MPUTSAHYTL YenoBeka B Lenom. Ho ero
MOXET 0Ka3aTbCsl BNOJIHE JOCTATOYHbIM, YTOObLI CO34aBaTh «MPUUBbLI» U «OTINBbI»
XMOKOCTHbIX Cpen opraHmama u, Tem 6onee, okasbiBaTb BO3OENCTBNE HA €ro eLle
6onee «nerkne» N HEBUOVMbIE HAM MOJIEBLIE SHEPIUK, BKIIOYAS BHELLHEE Nose
(aypy). BospeinctBme Ha HMX MOXET NPMBECTU K TOMY, YTO, BbITATMBAsACb B CTOPOHY
yKa3aHHbIX @HTEHH, NoieBble 060/1I04KM NOTAHYT 3a cob0l 1 YenoBeka. [pu aTom
BEC YesioBeKa OOJIKEH YMEHbLUNTBLCS, U 3TO yXXe npocnexmsaeTtcs. MIMeHHO Bo3aeit-
CTBUEM JTYHHbIX MOPE U CONTHEYHbIX NSTEH Ha 6onee TOHKWUIA (NONeBOIt) YPOBEHb
yesnioBeka MOXHO 0OBbSICHUTL Kak GU3NYECKOE, TaK U NMCUXMYECKoe yXyaLIEHNe caMo-
YyBCTBUS Nt0AEN BO BPEMS NOSHOMYHUS 1 B NEPUObl akTMBHOIO CONHUA.

C «nornoweHnem» YyesoBeka B LLEeSIOM JIErkO CNpaBfsaoTCs Takme NpupoaHble
CNUpasbHbIE @HTEHHbI, KAK CMep4n 1 BOAOBOPOTLI, HO MPUHLAMN X OEeRCTBUS
HECKO/bKO MHOM. OHM HECYT YenoBeka kak MHOPOAHOE Teslo B NoToke, 06pa3oBaH-
HOM (Nog06HO NOTOKY BOAbI) OAHOPOAHBLIMU YACTULLAMU-BOJIHAMM 3HAYNTENBHO
MEHbLLEro pa3mepa, a B npeasiaraeMoM BapuaHTe caM YenoBekK JOKEH CTaTb
YacTuLEen-BOTHON, 06pa3yloLLE Tako NOTOK. AHaNOroM NoToka, 06pasoBaHHOroO
YyesloBEKO-4YacTMLamMm aBnsgeTcs nobas ABMXKyLasics Tonna, Kotopas npu 60/bLOoN
MIOTHOCTU yBNekaeT 3a coboi Noboro 4enoBeka, NOMNaBLIEro B 30HY €€ BNSHUS, U,
nHoraa, 6e3xanocTHO BblibpackiBaeT M3 06Lero notoka (1 gaxe ybuBaeT) TeX, KTO
DEeNCTBYET He B «PE30HAHC>» C HEN, NPENnATCTBYS ee OBUXEHUIO.

2.4.4. BO3MOXHOCTH JINYHbIX aHTEHH YeJI0BeKa N CaMoro 4eJsioBeKka

U3meHeHue napameTpoB. BonHOBLIE XapakTepPUCTUKM NOObIX @HTEHH, BKJTHO-
yasi eCTECTBEHHbIE, ONPEAENSIOTCS, Kak y>e OblJ10 cka3aHO, B OCHOBHOM UX OCHOB-
HbIMW KOHCTPYKTUBHbLIMU NapamMeTpamMu: pa3mMepom, GOpMOn 1 MIOTHOCTLIO. Yeno-
BEK, B MPUHLMNE, CNOCOOEH MEHSITb CBOIO «KOHCTPYKLMIO» 32 CHET COOTBETCTBYHO-
WMX GUINHECKNX YITPAKHEHW, MEHSIS MPU 3TOM 1 BOJTHOBBIE XapakTEPUCTUKM CBOMX
JINYHBIX aHTEHH. OgHAKO 3TN YyNPaxXHEHNS MOTYT BbITb U MbICIEHHBIMU. OTAnYMe
Mexay HAMU COCTOUT B TOM, Y4TO NEPEMELLEHNE SHEPTMN NMPU MbICTIEHHbIX YNPaXHe-
HUSIX OCYLLECTBISIETCS HE 32 CHET MYCKYJIbHbIX, @ 32 CHET MbICNIEHHbIX yeunuii. Mpu
NMOMOLLM MbICNN YenoBeK paboTaeT He Ha BELWLECTBEHHOM, a Ha NOJIEBOM YPOBHE,
T. €. C YaCTULLAMUN-BOJTHAMW HYPESBbLIYANHO Maio BENNYMHbBI, MacCa MOKOst KOTOPbIX
Mo YENOBEYECKMM MEPKAM CTPEMUTCS K HYIIO. [109TOMY 3aTpaTthl SHEPIrMK Ha yrpaBs-
JNIEHNE MW JOMXKHbI BbITb MU3EPHLIMU, @ Pe3yJbTaTbl MOryT ObiTb BNEYaTNSOWNMN.
Hanpumep, npu ¢opmMmpoBaHnm n3 Takmx 4actuu-BosH 1H B BUAE 04eHb y3Koro
Jlyda 1 OCO3HAHHOM €ro UCMNoJIb30BaHMN MOXHO TBOPUTb Yyaeca, Tak Kak OH No4o0-
6€eH nasepHoMY Jly4y, BO3MOXHOCTU U AManas3oH NCMNoIb30BaHNS KOTOPOro yXe
XOPOLLUO N3BECTHbI U C KaXAbIM rOA0M YBENTMYMBAIOTCA.

dopmupoBaHue guarpamMmm HanpaeneHHocTu. @opmuposaHuve [H pasHbix
dOpM OCYLLLECTBNSETCS YE/TOBEKOM NMOCTOSIHHO, HO BONLLLUMHCTBOM JItOAEN 3TO Aena-
€TCS HEOCO3HAHHO.
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Hawv rnasa npu paccnabneHnu Moiiy, GOpMUPYIOT LUMPOKOYronbHyo JOH,
KOTOpasi OXBaTbIBAET LUMPOKMIA CEKTOP YIIOB, a NPWY HANPsXXEHUN MbILLIL,, KOrga
B3N, KOHLEHTPUPYETCS Ha OAHOM 13 BbIOpaHHbLIX NPeaMEeTOB, NPoMCXoamT Gpop-
MUpOBaHue y3kor [1H, 4TO N03BONSET y4LLEe PACCMOTPETh MHTEPECYIOLWMIA HAC
npeaMeT, HO Apyrne npeamMeTbl MPY 3TOM Mbl Kak 6bl HE BUANM.

Hawiv yuiv v poTt paboTaloT B 3ByKOBOM Auarna3oHe B COOTBETCTBUM C onpeae-
JNIeHHbIMU, Npucywymm um IH. Ho mbl Moxem copmmposath 1 6onee yskne OH,
cknagbiBasi BOKPYr yxa unu pTa nafioHn pacTpyobom, T. e. o06pasys U3 HUX PYynopHyto
AHTEHHY.

MeavTtauua Takke npegycmarpusaeTt ¢opmmpoBaHne [IH onpegeneHHom
dOpPMbI, XOTS X CO3AaHME HE CBSA3bLIBAETCA HU C aHTEHHaMK, HK ¢ ux OH, H1 ¢
pPaAnoTEXHUKOW, HU C Teopueli nona Boobuwe. MeauTtaums No CBOEN CYLLHOCTU He
OT/INYaETCH OT FTMNHO3a (CaMOormnHo3a) 1 BHyLeHUS (CaMOBHYLLEHNS). OCHOBHbIMM
TpeboBaHUAMK BO BCEX TPEX Clydasix ABASIOTCS, BO-NMEPBbIX, YMEHbLUEHNE BHYTPEH-
HUX N BHELLUHUX «MOMEX» (XXenaTenbHO HM O YEM MOCTOPOHHEM HE AyMaTb CAMOMY U
ocnabuTb BANSIHWME BCEX BHELLUHUX pa3apaxuTesnien), BO-BTOPbIX, MakCUMasibHO BO3-
MO>XHOe obLLee paccnabnieHne ¢ NocneayoWwen YCUNeHHOM KOHLUEHTpaumen Ha
4YeM-TO KOHKPETHOM («y3KOM»). ITU e TpeboBaHNs HEOBX0AMMO BbIMOSHATL U MPU
HACTPOVIKE HALLIMX PAAVNOMNPMEMHUKOB HA MaJIOMOLLHYIO BELLLATENBHYIO CTaHLMIO.

MPUMEHUTENBHO K HALLMM JINYHBIM @HTEHHAM YMEHbLLIEHWE NMOMEX (BHYTPEHHMUX U
BHELLHMX) NO3BONSIET MPUHATL MOJIE3HbIE CUMHASbI 3HAYUTENBHO MEHBLLEN MOLLLHOCTMW.
MonHoe paccnabneHne aHanornMyHo GopMMpPOBaHMIO BceHanpaeneHHon JH, bnaropa-
psi KOTOPOW MOXHO NPUHUMATL (NepenasaTh) ¢ Noboro HanpaesneHUs (B IOOOM
HanpaeneHuun), Ho 6e3 ycuneHuns. Kpome Toro, oHO NO3BoNSET ocnabuTe paboTy cob-
CTBEHHbIX FEHEPATOPOB, T. €. YMEHbLUNTb BHYTPEHHME NOMEXU. KOHUEHTpaums aHano-
rmyHa GopMMPOBAHNIO Y3KOIO Jly4a, NO3BOMSIOLWErO YCUNUTbL MOMOLAeMbIin (Mcny-
CKaeMbIl) CMrHan B OECSTKU, ThICSHM U JAaXE MUIIIMOHbI Pad, HO TOMIbKO OT TEX (14
Tex) abOHEHTOB, KOTOPbIE HAXOAATCS B 334aHHOM (Y3KOM) CEKTOPE YITIOB — B [JTaBHOM
HanpasneHn. MeHsas HanpaeeHWE Ny4a, MOXHO NPUHVMATBL (MepenaBaTb) YCUIEHHbIN
CUrHas C pasHbIX HaNpae/eHU (B padHble HanpasneHns). B pesynsraTte BbINOSHEHNS
yKa3aHHbIX BblLLe TPeboBaHMIN BOSMOXEH NpueM-nepeaaya MHTepecytoLLLein Hac
MHdOPMaALMN U/ YCTAHOBJSIEHNE CBA3U C KEM-TO/4EM-TO, KTO/4TO BepeT «yrnpasie-
Hue» Ha cebs. MHorve moam B 3TUX COCTOSIHMAX CMOCOOHbLI 6ECNPEKOCIOBHO BbIMOJSI-
HATb Yy>KMe KoMaHapl (Mpy CaMormnHoO3e 1 CaMOBHYLLEHNUW — CBOW COOCTBEHHbLIE),
BKJIIOYASA U Te, KOTOPble B 0ObIYHOM COCTOSIHMM BbINOJIHUTL HEBO3MOXHO.

Takmm 06pa3om B npouecce MegmTaumm (Npu yCcTpaHeHnn nnmn ocnabneHmnm
NMOMEX) 3a CHET MbICIEHHOIO yCunus cHadana ¢opmmpyeTca BceHanpasneHHas [H,
NO3BOSIAIOLLASA OXBATUTb BECb «MUP>» B MOMCKE MHTEPECYIOLWEN Hac nHdopmaumn,
KOTOPYIO, ECTECTBEHHO, N3-3a Manoro ycuneHnsa npu takom ¢popme 1H yenosex
NPUHMMAET «HA YPOBHE LWYMOB». HO ecnn yoaeTtcs «3auennTbCs» 3a YTO-TO UHTE-
pecHoe, TO B HanpasneHnn BbIbpaHHOM Lenn dopmupyeTtca IH B Buae y3koro ny4a,
MHOIrOKpPaTHO YCUIMBAIOLLErO 3TOT CUrHan. Ham HEM3BECTHBI (MOKa HEU3BECTHbI) HU
@HTEHHbI, [1H KOTOPbIX Mbl PEFYIMPYEM, HU LUMPUHA HALLErO «MbICIINTENbHOrO»
[uanasoHa, HU gavHbl ero paboynx BOSIH, XOTS caMu AeNCTBUS, OCYLLLECTBSEMbIE
npv MeamMTaunun, BroJsiHe NOHATHLI U OYEBUOHDI.

2.4.5. MpeogosieHne Yes1I0Be4eCTBOM «SI3bIKOBOIro» 6apbepa

M3BecCTHO, 4TO npn MeguntTaummn LnMpoKo NCNoJib3yeTCcA o6pa3Hoe MbiLLJIEHNE,
KOTOpOE ABNaeTCs 6onee €MKUM, TOYHbIM U YHUBepCaJibHbIM CPeACTBOM O6LLI,€HI/I$I,
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npuyYemM Takmm, a1t KOTOPOro HET HaUMOHaNbHOIO 13bIKOBOr0 Oapbepa, Tak Kak 3ToT
«A13bIK» HE HyXAaeTcs B nepeBoge. [1oaToMy Ha «s3blke» 006pa3oB MOXHO YCTaHO-
BUTb TENIENATMYECKYIO CBA3b HE TOJIbKO C YESTOBEKOM, FOBOPSLLMM Ha OPYrOM S3bIKE,
HO N C XXMBOTHbLIMU, 1 Aaxe ¢ 00beKTaMM, KOTOPbIE OTHOCAT K HEXMBOW Npupoae. U
3TO yXe NoATBEPXAAETCS OTAEbHbIMK pakTamu, BKIoYas obLLeHe Ha A3blke
006pa30oB C XMBOTHbLIMU, HANPUMepP, ¢ cobakamu, 1 BO3OENCTBUE NPU NOMOLLM
MbICNIN Ha PaboTy MEXaHMYECKUX U SNIEKTPOHHLIX YCTPOICcTB. KcTaTtn, yCcTponcTBa,
nomoratowue ynpaensite 3IEKTPOHHLIMM NPUBopamMm Npu NOMOLLY MbICIN YXXe pas-
pabaTbiBalOTCS, @ HEKOTOPbIE, B HACTHOCTU, 3IEKTPOHHbLIE NPOTE3bI YXXe padoTatoT
dakTMYecKn No 3TOMy NPUHLMNY (3a CHET MMMYNLCOB, NOAABAEMBbIX YHENTOBEKOM).

fMnoTte3a: YHMBepcanbHbIM CPeACTBOM O0LLEHMS MeXAY JII00bIMU CyLLL -
HOCTSIMM BHE 3aBMCUMMOCTM OT UX NPUHAAJIEXXHOCTN K TOMY UJIN UHOMY BUAY
>XMBOTHOI0, PaCTUTEJIbHOI0, MMHEPAaJZIbHOIrO UK NI0OOro APyroro «Lapcrea»
ABngeTcs A3blKk 00pa30B — MbIC/IE00pPa30B, NPU MOMOLLU KOTOPOIro MOXHO
oTMbicniedopmMuTb N0GYI0 GopmMy, a Npu NocsiefoBaTesSIbHOM U YNOPSAA0YEH-
HOM U3MEHEeHUn onpepesieHHbIX PopM — nboI Npouecc.

B03MOXHO, 4TO Mpu nomMoLm 06pa3oB C NCNONIb30BAHNEM HECYLLMX HYAaCTOT
«MbICNIUTENBHOrO» AnanasoHa (nyTemMm TenenaTum) pasroBaprBano 4Ye10Be4YECTBO 40
Tex Nop, Noka He OCBOMJIO 3BYKOBOM AMana3oH U He CTano pasHosa3bliHbIM. OaHaKko
1 npm o6pa3HoOM 00LLEHMN BCE paBHO OcTaeTcsl 6apbep, onpeaenseMbli YpoBHEM
3HAHUMN.

dunank, npuHaB, Hanpumep, MHGOPMaLMIO B BUAE CXEMbl CTPOEHUS TOF0 Un
MHOro atomMma, crnocobeH aaxe NoHNATb, Kakoro UMeHHo. Ho YyenoBeky, HE3HAKOMOMY
C atoMamu, 3TOT 06pa3 COBEPLLUEHHO HM O YEM He roBOpUT. M OH nonbiTaeTcs
nopobpaTtb eMy ApPYron, Hanbosnee 653K N3 USBECTHbLIX JINYHO EMY aHaN0roB.

CuutaeTtcs, 4To 06pa3Hoe MblLLIEHNE B BOSbLLEN CTEMEHW MPUCYLLE XEHLM-
HaM, 4eM Myx4uHaMm. M3 aToro cnenyet, 4TO MMEHHO OHM 06naaatoT 60bLLIMMU BO3-
MOXHOCTAMW NoNy4eHns nHdopmaumm n3 «BceobLero MHGopmMauyoHHOro 6baHka
[aHHbIX», A€ OCHOBHbIM, CKOPEE BCEro, ABASETCS YHMBEPCAbHbIN 151 BCEX A3bIK,
A3blk 06pPaA30B, TaK Kak NtoO0M OTPaXXeHHbIN cUrHan HeceT MHPopmMaumio o6 obpase
nnu o6pa3HoOM NpeacTaBieHnn npouecca.

Ho kak xe NoakmoYnTbCs K 3TOMy 6aHKy OAaHHbIX?

2.4.6. Paborta 4enoBeka Ha npuem u nepegady

Bce aHTeHHbIe yCTPOMCTBA, BKIIOYas ECTECTBEHHbIE, LOJIKHbI MOOYNHATLCS
M3BECTHOMY B PaAVNOTEXHMKE NPUHLNMY B3aUMHOCTU. [109TOMY, T€ HaLWKM 4yBCTBA U
MbIC/W, BEpHEE, COOTBETCTBYIOLIME UM BOJIHbI, KOTOPbIE Mbl CMOCOOHLI CamMu N3Ny-
YyaTb, Mbl CMOCOBHbLI U NpUHUMaTb. O4HOBPEMEHHO M3y4aTh U MPUHKUMATb BOJIHbI
OOVHAKOBOW OJIMHbBI 1 Nonsipm3aunm (OpueHTaummn) HEBO3MOXHO. [1oaTomMy npuem um
nepenavy Ha O4HUX U TEX XE U OQVHAKOBO MOASPU30BaHHbIX HECYLLVX YacTULLAX-
BOJIHAx cnefyeTt pa3HecTn Nnbo B MPOCTPaHCTBE (Nepeaada 1 npuemM pasHbiMu
yCcTpoicTBamMun), NTMb0o BO BPEMEHM (MPUHUMATL 1 NepeaaBaTb NOOYEPESHO).
lMocnepgHee npoule, a NO3TOMY UCMOJIb3YETCS YaLLLE HE TOJIbKO YETOBEKOM, HO U
npupoaon.

Ckopee Bcero, 60/bLUMHCTBO N3 HAC HE MOXET NPMHUMATL YYBCTBA U MbICIIN —
Mbicneobpasbl APYroro YyesoBeka (M He TOJIbKO YeNoBeKa), MOTOMY YTO MOCTOSIHHO
3aHATO M3NydYeHnem (nepepadein) Co6CTBEHHbIX. M 32 peaknM UCKITIOHEHVEM
(HanpumMep, COH) HaLWKX NepeaaTyMky padboTaloT CaMbliM aKTUBHENLLM 00pa3oMm.
MoaTtomy ans obecnevyeHnss npuema n3pHe HeOOXOANMO OTKIIIOHMTL XOTS Obl YacTb
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M3 HUX, @ 3aTeM «MNOoCyLWaTb», 4TO AenaeTcs B Mmpe. Takyto BO3MOXHOCTb I0O0OMY
4YenoBEKY JAET MeanTaums, rnHO3 (CaMOrnrnHo3), BHyLWWEHME (CAMOBHYLLEHMWE), YTO,
B MPUHLMNE, OAHO U TO Xe.

Mpn meguTaumm, kak yxe 6bls10 cka3daHO, HEOOXOAMMO He TOJbLKO MOJIHOE pac-
cnabnieHne Bcex MyCKyoB, HO U OCTaHOBKa MbICIIUTENbHOMO NPOLEecca, «BblK/to4e-
H1e» COBCTBEHHOrO «reHepatopa» Mbicnei. 1 Tonbko nocsie 3Toro MOXHO «BKJIHO-
YNTb» COBCTBEHHbI MPUEMHUK N 3aHATBLCHA MOMCKOM «4yXMX» NepenaTimkos, a
3aTeM M HAaCTPOIKOWN HA OONH U3 HUX. AHANOroM HaCTPOMKN NPUEMHMKA Ha BbIOpaH-
HYIO CTaHUMIO MNP MeanTauum CRyXXmnT KOHLEHTpaums.

AHanornyHbiM 06pas3oM Mbl KPYTMM PYYKY HACTPOWKM NPUEMHKMKA, OCTaHaBInN-
BasiCb, BPEMS OT BPEMEHM, Ha Kakoh-n1Mbo CTaHUMN 1 NOACTPanBasaCh Ha ee 4acTo-
Ty, yCUIMBaeM 3By4aHue Ha BbIGpaHHOWM HaMu BoHe. Ho ecnn B 3TOM Xe nonoce
yacToT paboTaeT gpyras, 6osee MoLWHasa CTaHLUMS, TO Mbl HE CMOXEM YCAbILWaTb (Mo
KpanHe Mepe, YneHopasnenbHo), YTo BewaeT HamMm bosiee cnabas CTaHUMS Ha TexX
K€ CaMbIX HECYLLMX YacTOoTax.

PaccnabneHnem, BO3HMKAOLWWM Y a5IKOrOSIMKOB 1 HAPKOMaHOB, MOXHO 00bsiC-
HWUTb MX CMOCOBOHOCTL OTKJIOYATLCS OT peasibHOro Mmpa 1 XuTb B CBOEM, BOOOpaxa-
eMOM, Mupe. 3ToT BoobOpaxaembiin, AKOObl, MUP MOXET ObITb 1 BMOJIHE peasibHbIM,
HO B 0ObIYHOM COCTOSIHUM He NposiBNIEHHbIM. OgHaKo Npu paccnadbneHnm (CHUXeHnn
MOLLHOCTN COBCTBEHHbIX FEHEPATOPOB) OH MOXET MPOSBUTLCA U CTaTb Aaxe bonee
APKUM, YeM, IKOObI, peasibHbl. TOT HENPOSBAEHHbIN B 0ObIYHOM COCTOSIHUN MUP W
npeacTaensieT cobon, BO3MOXHO, 3HEPronHpopMaLnMoHHoe nosne 3emnu, BKoYa-
loLee B cebs1 aHePronH@POpPMaLMOHHbIE MO XUBLLMX PAHEE U XUBYLLMX CenYac
noaen (M He TONbKO NI0AEN), N3NTYYEHHBIE MW Kak B MPOLECCE XN3HU, TaK U B
MOMEHT CMepTMU.

«JToMKa» HapKOMaHOB 1 afikOroJIMKOB CBSAA3aHa, BO3MOXHO, C 00paTHOW nepe-
CTPOWKOIA OpraHM3amMa Ha 0Bbl4YHbIN PEXMM, PEXUM Nepeaaydn, ons KOTOPOro Hy>XHa
6onblUas OTAa4YM SHEPrum, a 3To OpraHM3My yxe He no cunam. Heuto nogobHoe
NPOU30LLSIO C MEPBbIMU KOCMOHABTaMM, KOTOPbIE BCEMO NNLLb 32 HECKOJIbKO AHEN
«paccnabneHns» (npebbiBaHUS B HEBECOMOCTM) 0cnabnn HACTOJIbKO, YTO TSXKECTb
3EeMHOro NPUTSIXKEHNS U JaBnieHne atMocdepbl 0ka3anucb 4SS HUX YPeE3MEPHbIMU,
a Ha BOCCTaHOBJIEHNE HOPMaJIbHbIX QYHKLMIA OpraHn3my notpeboBanocb HeCconame-
pVMO B0JiblLEE KONIMYECTBO BPEMEHU U CUJT, YEM Ha UX NOTEPIO.

Taknum 06pa3oM, NPUHATL MHPOPMALMIO «HUOTKYAA» Mbl MOXEM TOJIbKO B TOM CJly-
yae, ecnm caMmm OOHOBPEMEHHO HE «BELLAEM>» Ha TOW XE camMOom BonHe. MNoaTomy npu
Nnouncke «CTaHumm», paboyasi BOSIHa KOTOPOW HaM HEN3BECTHA, Mbl CAMW HE JOJKHbI
HUYero nepeaaBaTb B BO3MOXHO 60s1ee LWMPOKOM Anana3oHe, YTobbl yBENYUTL BEPO-
ATHOCTb MPUEMA «HyXKOr0» curHana. Ecnm Bce 9710 Tak, TO B KaXXA0M 13 HAC 3a/I0XKEHA
NPUHUMNUaNbHas BO3MOXHOCTb NnpuemMa miobon MHpopMaLmMm Ha BCEX TEX HECYLLNX
BOJIHAX, KOTOPbIE Mbl CNOCOOHbLI U3/Ty4aTb camMu. M Halwm cnocoBbHOCTM B 3TOM 06nacTy,
B 4eM Mbl Bce Bonblue yoexaaemcsi, OrpOMHbI. Ho noka 60bLLMHCTBO M3 HAC NOA0OHO
rnyxapsim B 6payHblii nepmom, 3aHATO COOCTBEHHOW «MeCcHel», a M03TOMY He CMOCOO6HbI
ycnblwartb gpyrue 3syku. Mbl HE B COCTOSHUM (MOKa HE B COCTOAHNN) MPUHATL M OCMbI-
CNUTb BCEro TOro, YTO XO4ET AOHECTU A0 HAC OKPY>XAIOLLMIA HAC MUP, MHOTUE CUrHanbl
KOTOPOro ABASIOTCS A1 HAC MOKa TObKO LLUYMOM.

2.4.7. OcBoeHue 4e/s10Be4eCTBOM 4YaCTOTHbIX ANana3o0HOB

OcBOEHME 4eN0BEKOM HYaCTOTHbIX Anana3oHoB npuv NOMOLLIN CO30aHHBLIX M
yCTpOVICTB Ha4YnMHanocCb, Kak "3BeCTHO, C 6osee AJINHHbIX BOMH N NOET B CTOpPOHY
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0CBO€eHMs Bce Bosnee KopoTkux. Mpu 9TOM 3BYKOBbIE (YNPYrve) BOHbI, CNOCOOHbIE
pPacnpoCTPaHATLCS TOSIbKO B OTHOCUTENBHO MAIOTHOM, OKPYXaloLWeEN Hac cpeae,
OblNI OCBOEHbI PaHbLLE, YEM 3NIEKTPOMarH1THble. OCBOEHWE XMBLIM OPraHM3MoOM
4aCTOTHbIX Anana3oHoB B 0603pMMOM HaMU NMPOMEXYTKE NPOCTPaHCTBA-BPEMEHMN
NPOUNCXOAMI0 aHaNorm4yHbIM 06pPa3oM 1 MAET B CTOPOHY «OCBOEHUS» BCe Boee
KOPOTKWNX BOJIH.

He ToNbKO BO3MOXHO, HO 1 BMOSIHE OYEBUAHO, YTO KPOME N3BECTHbLIX HA
CeroHs caMblx KOPOTKUX BOJIH, BOJIH raMma Anana3oHa, CnocoOHbIX MPOHUKATb
Jaxe yepes ToJilly CBUHLLA, AO0JIKHbI CYLLLEeCTBOBaThb ele 60siee KOPOTKNE YacTu-
Lbl-BOJIHbI, 0OnagawoLwme ewe 6onbLIel NPoOHNKaoLWe crnocoOHOCTbIO U CKOPO-
CTblO pacnpocTpaHeHua. MIx CKOPOCTb MOXET NPeBbILLATbL U CKOPOCTb CBETA, XOTSH
3TO AKOObI N MPOTUBOPEYUT TEOPUUN INHLWITENHA. HO B AENCTBUTENbHOCTU HUKA-
KOro npOTUBOPEYNS HET, TaK Kak ero Teopust, Kak 1 MHOXECTBO APYruX, A0JIKHA
OblTb BCEr0O NMLWLb YaCTHbLIM cny4yaem 6onee obLLei Teopum, KOTopas HaMm noka
HEN3BECTHa.

KctaTtun, 09.08.02 no OPT npowna nipopmaumst 0 ToM, HTO NpU NPOXOXAEHUN
CBETOM rpoMagHenLunx (Aaxe no KOCMMYeCKUM Mepkam) pacCTOSIHUIA ero CKOPOCTb
3amMegnsaeTcs. 9T0 MOXET roBOPUTb O TOM, YTO BaKyyM Aaxe Ajsl CTOSb KOPOTKMX
3NEeKTPOMAarHUTHbIX BOJTH Kak CBETOBbIE HE AABNSIeTCA abCOMOTHO Npo3payHbiM. U
BMOJIHE BO3MOXHO CYLLECTBOBaHME elle 605ee MasibiX YHacTUL,-BOJIH, OJ1 KOTOPbIX
BakyyMm 6onee npo3payeH, 1 Toraa Ux CKOpoCTb B HEM A0JKHA ObITb 60MbLUE CKOPO-
CTW CBETA, a CKOPOCTb CBETA YXe U ceiyac He MOXET OblTb KOHCTAHTON.

B03MOXHO, 4TO TenenaTus OCyLLECTBAAETCH B AMana30He YacTuL,-BOJIH 3HAYU-
TENbHO MEHbLLLEN MO CPABHEHWIO C U3BECTHLIMY HAM BOJIHAMU AJINHbI, SHEPIUIO
KOTOpPbIX Cenvyac MHoraa Ha3blBalT MCUXNYECKON. ITY SHEPTUio NpaBuibHeEE OblNo
Obl Ha3bIBaTb MbICIIUTENIbHOW UKW SHEPruen Moicnu. YTo Takoe ncmxmka — BONPOC
CNTOXHbIV 1 HE OY4EHb NMOHSATHBIN. A YTO TAKOE MbIC/Ib — U3BECTHO Kaxaomy. Kaxabin
3HaeT 1 0 TOM, 4TO MbIC/b (MbiCNneobpas) MOXeT OblTb CnabeHbKOM, MOYTN HEYNOBU-
MOW, @ MOXET ObITb YETKOI 1 SIPKON, T. €. HanoJIHEHA SHEepPruer orpoMHON CUsbI.
Yalue Bcero ato 6bIBaeT TOrAa, Koraa Hawuy MbICn NoaKpensieHbl CUNbHbBIMU YyB-
CTBaMu, YTO KOCBEHHO FOBOPUT O TOM, 4TO MMEHHO YYBCTBA SABJISIOTCA HECYLLVMM
yactoTamu (BosiHamm).

Cpeau Hac nosiBnsieTcs Bce 6osblue noaei, Kotopble (MpyY MOMOLLM CBOUX
€CTEeCTBEHHbIX YCTPOMUCTB) CNOCOOHbLI AeNaTb TO, YTO HEMOCUIIbHO YCTPOMCTBaM,
CO3[aHHbIM YENOBEKOM. MNHOTU3EpPbI ABASIOTCS, O4EBUOHO, MOLLHBIMU U3yyate-
naMu (reHepatopamm) MbICUTENbHOW SHEPTNK U/ CNOCOOHbLI KOHLEHTPUPOBATb
€€ B y3KUI HanpasJ/ieHHbIN Ny4. Bce, KTO NoABEPXEH MMNHO3Y (CYNTAETCS, YTO Mn-
HO3Y NOABEPXEHbI BCE, KTO OCO3HAHHO EMY HE COMNPOTUBIAETCSH), ABMSIOTCA €€ Npu-
€MHUKaMU1, a MHOTMe 1 yeunmntensamu. Ecnm 60nblUMHCTBO N3 HAC OCBOMUT HE TOJIbKO
NpUEeM, HO 1 HANPaB/IEHHYIO Nepeaady 3TOM SHEPrn, TO TeNenaTnus CTaHeT BNOJIHE
00blAeHHbIM siBNeHrnemM. CamMormnHo3 — 37O TO XXe caMOoe, YTO U MMMNHO3, HO TOJIbKO
aBTOPOM (reHepaTopoM) 1 NnepeaaT4NKoOM-rNPUEMHNKOM MPOrpamMmMbl SBASIETCS Cam
yesioBek, a MMHUMaIbHO HeobxoaMmas 4anbHOCTb AENCTBUS ero npuemMonepeaaro-
LEero ycTpoincTBa orpaHmnyeHa COOCTBEHHbIM OpraHn3mMoM. [T03TOMY OCO3HaHHbLIN U
LLefieHanpaB/IEHHbIN CAMOrMIMHO3 (MPY NPOYMX PABHbIX YCIIOBUSAX) MOXET AaTb 3Ha-
4YnTenbHO 60NbLWNK 3D PEKT, YEM BHELLIHMIA N’MMHO3. TO XXe caMoe MOXHO cka3aTb O
CaMOBHYLLEHUN N BHYLLEHUN.

B 6avxanwem 6yayLem OomKHO, BUOUMO, Ha4aTbCsl OCBOEHME YellIOBEHECTBOM
B MaccoBOM MacLuTabe 0CO3HaHHOW 1 LiefieHanpaBieHHOW paboTbl B MbICIINTESb-
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HOM guanas3oHe. M o4eHb xoTenock 6bl, HTOObI 3TO OCBOEHME ObINIO HENOCPEACTBEH-
HbIM, 6€3 NCNONb30BaHUS YXe CO34aBaeMblX He/IOBEKOM W A1 3TOro auanasoHa
PYKOTBOPHbIX «MPOTE30B» (Pa3HbIX TEXHUYECKMX YCTPOWCTB). A AJ1F 3TOr0 HYXHO,
Jaxe He NoBbllas MOLWHOCTM COOCTBEHHbLIX ECTECTBEHHLIX NepeaaTynkoB, 4acTb
KOTOPbIX MOCTPOEHA, BOSMOXHO, No npuHuuny MI-renepatopa [1], Hay4nTbCS
Bcero nnwb OCO3HAHHO ynpaBnaTb Ux aHepruei, MCnosib3ys U COBEPLUEHCTBYS
«JINYHOE aHTEHHOE XO3ANCTBO».

2.4.8. Ucnonb3oBaHue [ YCTaHOBJIEHUSI CBA3N UCKYCCTBEHHbIX U ecTe -
CTBEHHbIX 0O0bEKTOB

Mepepadva Hdopmaumn B pagmoTEXHUKE OCYLLECTBASIETCS, KK M3BECTHO, 3a
CYET B3aVMOLENCTBUS HECYLLEN U MOLYIVPYIOLLEN YaCTOThl, NPUYeM AafIbHOCTb
CBSI31 ONpenenseTcs MOLLHOCTbIO CUrHana HecyLem 4acToTel. Ecnn Bce, 4TO Hac
OKPYXXaeT, paccMaTpmBaTb Kak aHTeHHbI, paboTatowye B TOM Ui MHOM YacTOTHOM
[uanasoHe, To paboyme 4acTOoTbl HEKOTOPLIX U3 HUX (60JIee BbICOKME, HEM MOAYNN-
pyloLmMe) MOryT CNYXNTb B KAYECTBE HECYLLMX. DTU HECYLLME YACTOThl Mbl MOXEM
NPOMOAYMPOBATb HALLMMU MPOrpaMmMamMu B «MbICIIUTENIBHOM» 1IN 3BYKOBOM
amanasoHe, 06pa3HOo NpeacTaBnsas UM NPoroBapueas To, 4TO Mbl XOTenn 6kl nepe-
[aTb KOMY-TO KOHKPETHOMY U1 BCEM, BCEM, BCEM...

MpUpPOOHBLIMM UCTOYHUKAMWN HECYLLMX HACTOT 60MbLLOK MOLHOCTY U/Nnn
HanpaBIEHHOCTWN MOIYT, BUOVUMO, CIYXXUTb BbICOKME AepeBbs, ropbl, 06naka, nnaHe-
Tbl, 3B€34bl U T. N. [T09TOMY MCNO/IL30BAHNE U3TYyHAEMOIr0O UMW MO B KAYECTBE
HECYLLLEro NO3BOSIUT MHOIFOKPATHO YBENVYUTL JANIbHOCTb BO3AENCTBUS HALLEN
MBbICJTM UM NPOroBopa.

Ecnu BCce 370 Tak, TO 3araabiBaTh XenaHue Npu nageHnum «3Be3004Kn» MOXeT
oka3aTbCs Janeko He NyCcTbiM 3aHATUEM. [pn NnageH METEOPUT N Apyroe
Manioe KOCMUYECKOE TENO CropaeT, n3ny4as LWMPOKMIA HACTOTHbBIN CNEKTP, BKIOYas
4aCTULLbI-BOJTHbI O4EHb Maion aviHbl. ECNv 9TK BOMTHBI NPOMOAYMPOBAaTL CBOUM
XenaHnem (onpeaeneHHon NporpaMmmMornt), TO OHM MOFYT CTaTb OJ151 HEE HECYLLIMMMU.
M Torga paHHoe xenaHue (nporpamMmma) MoXeT OblTb MPUHATA OYEHb LMPOKUM KPY-
rom obutatenein 3eMHOrro wapa (f1erko «oBnageeT MmaccamMmu»), BKIIo4asi, BO3MOXHO
M TE€X, OT KOr0o 3aBMCUT €ro UCMOJIHEHME, YTO 3HAYUTENBHO YBENNYNT BEPOSATHOCTb
€ro OCYLLECTBNEHUS.

Mpw ntobom BO34ENCTBUM HA HTO/KOr0-Mb0 JOMKHO HE TONBKO MOAYINPOBATb-
csl ero none, HO U edopMMPOBaTLCS ero Teno. Jltoboe Halle YyBCTBO, MbIC/b,
CNOBO, OENCTBUE, OCTABNSET B HALLEM MUPE HE TOJIbKO «aKTUBHbIE» (MOIEBBLIE), HO U
«MaCCUBHbIE» (BELLLECTBEHHbIE) crieabl. [1py 3TOM BELWECTBEHHbIE CNnedbl TON Un
MHOM CTENeHM YeTKOCTU 1 NOJIEBbIE TOM UM MHON CTEMEHU MNOTHOCTU U CKOPOCTHN
pacnpoCTpaHsaoTCs, B NpUHUMNe, Ao 6eckoHe4YHoCcTU. B pesynbtaTte Bce MHGopMn-
poBaHo 060 BCEM, a CKOPOCTb pacnpocTpaHeHus nHpopmMaumm 3aBUCUT OT CKOPO-
CTM pacnpoOCTPaHEHNS HECYLLIMX €€ HYaCTUL,-BOJIH 1 MO3BOASIET NPU UCMOJIb30BaHUN
«ObICTPbIX» YACTULL-BOJIH BAMSTb Ha X0A4 0yayLmx cobblTuiA. B HacTosiLee Bpems B
KayecTBe CaMblX «ObICTPbIX» HACTULL-BOJIH YENIOBEKOM MCMOJb3YIOTCH alekTpomar-
HUTHbIE BOJIHbI.

Hanpumep, coobLeHne rno Kakum-nmbdo KkaHanam CBsA3u 0 Npuesae Toro nnu
VIHOIO YesI0BEKa JAET HAM BO3MOXHOCTb MOArOTOBUTb EMY XOPOLLIYIO BCTPEYY Un
COBCeM n3bexatb ee. N HU4yero B 3ToM yaMBUTENIbHOIO A1 HAC HET, XOTS BCEro
NULLb CTONETNE Ha3ag MHOroe U3 TOro, YTO Ceryac Ham BrOJIHE O4EBUOHO, NoKa3a-
Nocb Obl NOAAM TOrO BPEMEHN COBEPLUEHHO HEBEPOSATHbLIM.
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Ecnn mbl Hay4Mcs 0CO3HAHHO B3aMOAENCTBOBATbL C OKPYXAOLWMM Hac
MWPOM Ha yXe N3BECTHbIX HaM (M MoKa HEM3BECTHbIX) YacTULAX-BOJIHAX OFPOMHOM
CKOPOCTU 1 NPOHUKAIOLLEN CMOCOBHOCTN 6€3 MOMOLLM HAaLLKX PYKOTBOPHbIX
YCTPOWCTB, a Npyv NOMOLLM COBCTBEHHOIO OPraHM3amMa, TO MHOroe B HallemM MUpe 13
paspsioa HEBEPOSATHOrO NepenaeT B paspsig BNojiHe o4eBnaHoro. M torga NnporHo-
31poBaHMe coObITUI, a TakXe ynpexaaloLliee BO3OENCTBME Ha Ux Byayliee pa3Bu-
Tne, CTaHET He UCK/II0YEHNEM, a HOpMOW. M aTa HopMa, HaBepHsika, BO BCEX HAc
3anoxeHa Mpupoaon.

C kaxnablM rogom nosiBasieTcs Bce 6osblue noaei, obnagamowmx cnocobHo-
CTbl0 OCO3HAHHOI0 3HEPronHPOPMaLMOHHOIO B3aMMOAENCTBUSA KAk C XXUBbLIMU, Tak
AKOObI N HEXMBbLIMU NMPEeACTaBUTENSIMU HALLErO MUPA, @ HEKOTOPbIE YTBEPXAAIOT,
4yTO 06LLATCSA U C KOCMUYECKUMK BpaTbsiMu No pa3ymy. lNocnegHee BocnpuHUMa-
eTcsl 60NbLUMHCTBOM JIIOAEN Kak COBEpLUEHHO HeBeposTHOe. OaHaKko BEPOSTHOCTb
3TOro MOXeT 3HAYUTENIbHO YBENINYUTLCS, ECNV NONYYNT NOATBEPXOEHWNE CNenyto-
was runoresa.

MMnoTte3a: UHPpopmauusa ot GpaTbeB MO pa3yMy (U He TOJILKO OT HUX)
MOXeT ObITb OCTaBJIeHa HaM B BUe 3ByKOBOro0, 3/1IeKTPOMarHUTHOro, B 4acT-
HOCTU, CBETOBOIrO OCTaTOYHOrO AaBJfieHUsl, 0OCTaTOYHOW Ha3NEeKTPU30BaHHO-
CTU, OCTAaTOYHON HAaMAarHU4EeHHOCTU, a TaKXKe€ OCTAaTOYHOrO («PEesINKTOBOro»)
nanyyeHusa. O6meH uidpopmaumeii ¢ PYyruMu KOCMUYECKMMU OO beKkTamMu
BO3MOXEH NPV NOMOLLU CO3HATEJIbHOIrO UCMOJIb30BaHUA 3eMU U APYrux
KOCMM4YECKMX 0ObEKTOB B Ka4eCTBe aHTeHH, AMarpaMmmMoi HanpaBJIeHHOCTU
KOTOPbIX (B OAHOM U3 OCBOEHHbIX HAMU BUA0B 3HEPrun) ABNSeTCa UX MarHm-
Tocdepa BMecTe C paanaLMoHHbIMUM NOSICaMM, BbICTYNaOLWMUMN, BO3MOXHO,
n B KavyecTBe «bunuana BceneHckoro nHopmMaLMOHHOro 6aHKa AaHHbIX».

2.4.9. OGLHOCTb Yes/1I0BEeKa CO BCEeM CYLEeCTBYIOLNM

C kaxablM HEM Mbl BCe 00bLLe YyOexaaemcsi, HTO B OCHOBE KOHCTPYKUUMN
yesioBeka (M He TOJIbKO YeNIoBeKa) Niexar Te e 00Lme NPUHLNNbI, YTO 1 B OCHOBE
BCEro CyLECTBYIOLLErO.

Ho ecnu 9710 Tak, TO YENOBEK, KaK 1 BCe Apyrue npeactaBmTen Hawero Mvupa,
ABNSIETCS NpMeMonepeaoLen CUCTEMON, NMPUYEM OYEHb CITOXHOWM N MHOTOMYHK-
LUMOHanbHOM. OTa cmcTema paboTaeT B padHbiX AMana3oHax 3HEPrmii U BKITIOYAET B
cebs He TOJIbKO aHTEHHbI, HO U MPUEMHUKU, N YCUINTENN, N aHANN3aTopPbl, U SHEepro-
npeobpasoBaTenu, 1 MHOrne gpyrmue yCTpoMCTBa, SBMSIOWEMUCS COCTaBHbIMM
3aNIEMEHTaMM YENTOBEYECKOro Tena. Ha Hux, Kak n Ha aHTEHHbI, PaCNPOCTPAHAOTCS
Te Xe BceoOLme 3aKoHbl. [NoaToMy, NnogobpaB COOTBETCTBYIOLLME UM TUMOBLIE aHa-
JIOr1, MOXHO PacnpOCTPaHUTb HA HMX YXe MMEIOLIMECS 3HaHUS 06 3TUX aHanorax.

Ho B [1] (1 30€Cb) OTHIOOb HE CTy4aHO PACCMOTPEHO MMEHHO «aHTEHHOE
X03SMCTBO». DTO BbI3BAHO TEM, 4YTO OHO, KakK yXe OblJ10 cka3aHo, SIBNSIeTCS BECbMa
NPOCTLIM MO KOHCTPYKUMN 1 BO MHOMUX Clydasix AOCTYNHO Ans HabnoaeHus naxe
HEBOOPYXXEHHbIM rna3oM. Kpome Toro, MHornme napamMmeTpbl aHTEHH ONPeaensoTCs
BCero nuwb dopmon. NoaTomy cneumanmucTam camMmbix PadHbiX HanpaBaeHMn NOCMO-
TPeTb Ha HaLWl MNP Yepe3 «OKHa» aHTEHH 3HAYNTENbLHO MPOoLLE, YeM Yepes ntobble
ApYyrue «OKHa», XOTS U Yepe3 HUX OHU A0JIKHbI YBUAETb B KOHEYHOM UTOTE TO Xe
camoe.

PaccmMoTpeB «MYHOE aHTEHHOE XO3SMCTBO» YEJIOBEKA JAXE HA CAMOM MPUMU-
TUBHOM YPOBHE 1 CPABHUB €ro C aHTEHHAMW, CO34aHHBbIMU YEJTOBEKOM, MOXHO C
YBEPEHHOCTbIO CKa3aTb, YTO YenoBek cnocobeH Nornowartb-ncnyckaTb 1 «BeLle-

232



Yactb Il. AHTEHHbI, MUP U Mbl

CTBEHHbIE», U YNPYrne, N 31IeKTPOMarHMTHble BOJIHbl. OgHako MHOrne gyanasoHsbl
3HEeprui, KOTopble OH CrOCOBEH NOMOLWATb-UCNYCKaTb, HAMU eLLe He4OCTaTOYHO
M3y4€eHbl N OCBOEHbI, @ MHOIME, BUANMO, 1 BOOOLLE HEN3BECTHbI.

EcTb 1 ewe ogHO 06CTOATENLCTBO, 0ObEAMHSIIOLLIEE YETOBEKA CO BCEM CYLLIE-
CTBYIOLMM, — 3TO AENCTBUE HA HErO 9KOSIOMMYECKOro pakTopa, KOTOPbIA MOXHO
Ha3BaTb U MapameTpamu cpefbl 06UTaHMs. YenoBek, kak 1 BCe CYLLECTBYIOLLEE, B
Tol bopme, KOTOPOW OH Ha ceroaHs obnagaeT, cCnocobeH CyLwecTBOBaTb (KMThb) B
npenenax BeCbMa y3Koro «<kopuaopa», OrpaHMY4eHHOro C ABYX CTOPOH BENNYNHOWN
onpeeneHHbIX NnapaMmeTpoB cpeabl. LLnpuHa aToro «kopmnaopa» onpenensiercs
BbIHOC/IMBOCTbIO €ro OpraHn3ma.

30Ha HoOpManbHOW XN3HEeOEeATEeNIbHOCTM COBPEMEHHOMO YENI0BEKA OrpaHnyeHa
BECbMa XECTKMMN pamMKamu. 3a nx npegenamu, kak npm CAnNLWKOM Mason MHTEH-
CVBHOCTW HEODOXOAMMOr0 A5l XM3HN 3KONormyeckoro daktopa, Tak U Npu CANLIKOM
©0/1bLIOM MHTEHCUBHOCTU 3TOr0 Xe dpakTopa, Ha4MHAETCS 30Ha YrTHETEHUS.

Ecnn xe MHTEHCMBHOCTb 3TUX GakTOPOB, AOCTUrasd YPE3IMEPHO Manom um
ype3mMepHO 60JbLLON BEINYUHbI, 3aX0OANT COOTBETCTBEHHO 32 HUXHUIN UM BEPXHUIA
npenen, To HacTynaeT rmbenb, BEPHEE, NEPEXO, B APYroe «arperatHoe» COCTOSHUE.

CnepoBaTtefibHO, B 30HE HOPMAaJIbHOWM XN3HEeAEATENbHOCTN MHTEHCUBHOCTb
9KOSI0rMyecknx GpakTopoB A0JKHA ObITb HE B0JbLUE, HO N HE MEHbLLIE HEKOTOPOM
BENNYYVHBI. /N 4eM MEHbLUIE OTKIOHEHUS OT ONTUMYMA («MOJIOXEHNS PABHOBECUSI»),
Tem 60Jsiee HOpManbHOWM BYAET XN3Hb YenloBeka.

Ecnn HeckonbKO paclwuvpuTb NOHATME 3KOMOMMK, BKJTIOHMB B HEE U TAKOW Yeno-
BeYyeckuin pakTop, kKak co3agaHue, pacnpeneneHne u notpedneHrne matepuanbHbIX
onar, a Takke n3nyyaemMble logbMM YyBCTBA U MbIC/IN (MblCnedOopMbl), N3 KOTOPbIX
CO3[a€eTCH OKpY>XaloLLee BCEX HAC 3HEPrOMH(OPMALIMOHHOE NOoJe, TO NOHATME
«KOpnaopa» MOXHO PacrnpoCTPaHUTb HE TOJIbKO Ha SKOJIOTMI0 U GU3NOOTNIO, HO U
Ha B3aMMOOTHOLLEHUS MEXAY M0ObMU.

[MaBHbIV BbIBOA, KOTOPbLIA N3 3TOr0 CineayeT, 3To HeobxoammocTb MEPDI, koTo-
pYIO B HApPOAE Ha3bIBAIOT 30/10TOV CEPEAMHON, NPUYEM MEPLI BO BCEM, BKJIOYaAdA
co3paHuve, pacnpegenenne n noTpebneHne maTepuranbHbix 61ar; CNblTbIBaeMble
HaMu 4yBCTBA U N3NTy4aEMbIE HAMU MONA-MbICNEPOPMBbI.

BrnosHe BOBMOXHO, 4TO MMEHHO HalW YyBCTBA, Kak yXe Obls10 OTMEYEeHO,
ABNAIOTCS HECYLUMMW YacTULAMKN-BOSIHAMU, @ HALLIU MbICSTM — MbICNieobpasbl X
MOAYSIMPYIOT NOA0BHO TOMY, Kak 3TO NPOMUCXOOUT B PaANOTEXHUYECKNX YCTPON-
cTBax. Ecnu 910 Tak, TO cmna 4yBCTB ONPEAENSET MOLLHOCTb HECYLLErO MPUEMO-
nepeaaroLero curHana, a OCHOBHbIMM HawmnMmn YyBcTeamu aensieTcs JIIOB0Bb m
HEHABUCTb, Hecywme cooTBeTcTBEHHO TBOPEHWE 1 PASPYLLUEHUE. MoaTomMy Mbl
B3aVMMOAENCTBYEM APYr C APYrOoM NMB0 Ha BOSIHaxX NoOBU, MBO HA BONIHAX HEHABM-
CTW, @ BCe OCTaJIbHOE SABNSIETCHA UX MPON3BOAHLIMU. A 4TO cevac NnpeobnagaeT B
Hawem mupe? Ha 9TOT BONPOC Kaxabli MOXET OTBETUTb CaM.

Ham cnepyeTt 04eHb YETKO MOHSATb, YTO KAk YMEHbLUEHME, TakK U MPEBbLILLEHNE,
Kak NpeBbllLeHNE, TaK U YMEHbLLUEHNE MHTEHCMBHOCTM NI0OOro napameTpa Hallemn
cpeapbl 0OUTaHNS OTHOCUTESIbHO HEKOI KPUTUYECKOW BENMYNHBI B PABHOW CTEMEHN
BeOeT K rmbenn.

MoaTomMy NOrMbHyTbL MOryYT He TOMbLKO Te, KTO HEA0EAAaET, HO U Te, KTO Nepeeaa-
eT. NMornbHyTb MOryT He TONbKO Te, KTO nepepabaTbiBaeT, HO U Te, KTO HegopabaTbl-
BaeT. B obuiem cnyyae, NOrmMbHyTb MOMYT HE TOJIbKO Te, KTO MOrJIOWAET Uian UCny-
CKaeT C/IMLLKOM MaJio 3Heprmm B toOOM ee NPosiIBNIEHNN, HO U Te, KTO NornowaeT
WM NCNyCKaeT ee CANLLKOM MHOro. Hag aTmm BONpocoMm B paBHOM CTENEHN CNeao-
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Basio Obl 3alyMaTbCA Celyac He TONbKO TEM, KTO XMBET 3a rPaHblO HULLETLI, HO 1
TeM, KTO XUBET «3a 4epTon» pockowwmn. BoT Takon punocodckmii BbIBOS, MOXHO cae-
naTb, TOCMOTPEB HA HaLy XU3Hb C TEXHNYECKMX NO3ULINIA, YHEPES aHTEHHbI — «OKHa
B OpYrne Munpbi».

2.5. EctecTBeHHble aHTeHHbI KOCMUYE€CKOro macwraba

2.5.1. OcHOBHbIEe BUAbI KOCMUYE€CKUX OOBEKTOB

Kocmunyeckne o6beKTbl MIHTEPECHLI TEM, YTO AAOT KPYNHOMACLUTaOHY0 KapTUHY
HE TOJIbKO MX «TEN», HO N B3aUMOAENCTBYIOLLMX C HAMU «MOJIEN», MPUYEM B AEN-
CTBUU, TaK Kak MHOIMe «MnoJisi» B KOCMOCE NpencTaBneHbl BNOJHE BUAVWMOW (Npun
NMOMOLLM TENECKOMOB N APYrMX CPeACcTB HabNoAeHNS) COBOKYMNHOCTbIO BELL,ECTBEH-
HbIX Ten.

BONbLWMHCTBO «3IeMEHTaPHbIX» KOCMUYECKMX 0ObEeKTOB (3Be3, NaaHeT N nx
CNYTHMKOB) MMEET LLIapOoBNAHYIO, B 00LLLEM Cllydae, SNInncounaHyo Gopmy.
MHoroanemeHTHble 0ObEKTbI, B YACTHOCTU ranakTukKu, NoapasaensoTcs Ha LWwapo-
Bble, TO4YHee, WapoBuaHble (25%); cnupanbHbie, TO4YHee, cnupanesugHblie (50%), u
JINH30BLIE, TOYHEE, NMH30BUAHbIE (20%). K cnvpanbHbIM ranakTmkam 3a4acTyto
OTHOCHAT U JIMH30BUAHbIE, XOTSI OHU U HE UMEIOT YETKO BbIPaXXEHHbIX CUPasbHbIX
pyKaBOB, 1 TOraa KONMYeCTBO CNnpasbHbiX ranaktuk gocturaet 70%. U Tonbko 5%
ranakTuk UMeeT HEMpaBuibHYIO GopMy.

Cpenau HenpaBW/ibHbIX raNlakTUK €CTb, HANPUMEpP, ABONHAA ranakTnka — LleH-
TaBp A, KOTOPYIO MOXHO paccMaTpmBaTh Kak CPpeprnyecKylo aHTEHHY B MPoOLLecce
«packona» Ha aBe nonoeuHkN. MimeeTtcs v ranaktnka Combpepo, cnocobHas cny-
XXUTb @HANIOrOM JIMH3bI TUNA «LWsna» (Un «feTalowen Tapenkn»), a Takxe apyrme
TUNbI «QHTEHH». HO Tak Kak OCHOBHAas Macca ranakTmk npeacTaB/ieHa WapoBUOHbIMU
1 cnvpanesngHbiMu popmamu, To 6onee NnoagpPoOHO PACCMOTPUM UMEHHO UX.

lanakTnkm, B CBOIO 04epeapb, rpynnmpytloTCs B CKOMIEHMS ranakTmk, HO OHU NU3y-
YeHbl MEHbLLE, MO3TOMY YETKOW UX Knaccudukaumm no GopmMme HamT He yaanoch.

Kpowme Toro, B0 BceneHHoOM MMeeTca MHOXECTBO ra30BbIX TYMAHHOCTEN Pa3HO-
ro pasmepa v Gopmbl, NogpPa3aeneHnsa KOTopbix N0 GOpMe HaNTM TakxKe He yaa-
NOoChb.

Bce cka3aHHOe Bhblille, OTHOCUTCS K «CBETALLUMMCS» KOCMUYECKUM 00BbEeKTaM,
KOTOpbI€ ObIN 0BHAPYXEHbI MO UCMYCKAEMbIM MU WX OTPaXEHHbIM OT HUX 3J1eK-
TPOMarHmUTHbIM BosiHaM. OgHaKko 3TW 0OBbEKTLI, KaK nosaratT y4eHble, COCTaBNSaoT
JNINLWb KPOLLIEYHYIO YacTb obutatenein BceneHHoM, a ocTaslbHble CKPbITbI MOKA OT HAC
BO TbMeE.

2.5.2. lLlapoBuaHbie KOCMN4eCcKne 06 beKTbl Kak JINH30Bble aHTE€HHbI

MnoTHOCTbL NoOaBNAOLLErO 6OMbLLIMHCTBA N3BECTHBIX KOCMUYECKNX OOBEKTOB
LapoBuaHON HGOopMbl YBENMUYMBAETCS MO Mepe NPUBIMXKEHUS K LEHTPY, MO3TOMY NX
MOXHO paccmaTpmBaTb Kak HEOAHOPOAHbIE ANINEKTPUYECKME NTNH3bI, BKIOYas
NnH3bI JlloHebepra, Makceenna 1 nx MHOro4YmciieHHble Mogudunkaumn. Aapo Hawen
lanakTnkuy (1 He TONbKO Hallel), a TakXke niaHeTbl U 3Be3bl, BKto4as 3emMio n
ConHue, UMEKOT TUMMYHYIO ANS TaKMX aHTEHH MJIOTHOCTb pacnpeneneHns 38e3aHoro
BeLleCTBa.

[vnoresa: LllapoBugHbie (v apyrue) o6bekTol BceneHHoil, NOTHOCTL
KOTOPbIX MNJIABHO UJIN CKA4YKOOOpPa3HO yBeIMYUBaETCS Mo Mepe NpUovXeHns
K LLeHTPY, MOXHO pacCcMaTpuBaTh Kak HEOAHOPOAHbIE AN3JIEKTPUYEeCcKne
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JINH3bI, aHaNOru4yHble nuH3am JlioHeGepra, MakcBenna (M X MHOFOYUCIEH-
HbIM MoaudunKauuam), CnoCoOGHbIe BbICTYNAaTb KaK eCTECTBEHHbIE€ aHTEHHbI.

KoaddurumeHT npenomnenms n HanpaeseHHble ceorcTea (H) aTnx aHTeHH
3aBUCAT OT 3HEPreTMYecKol NIOTHOCTM 00bEeKTa 1 xapakTepa ee pacnpeaeneHus.
BHELHVMYN €CTECTBEHHBIMW YNIOBUTENSIMU U UCMYCKATENSMM SHEPTUN AAHHbIX
AHTEHH MOTYT CNYXWUTb 3HEPreTUYEeCKNE HEOOHOPOAHOCTU, PACMOSIOXEHHbIE HA NX
noeepxHocTu. [na ConHua — 310 NpoTybepaHLbl, COJNIHEYHbIE NATHA, MeloLLme, B
4YaCTHOCTU, N BUXPEBYIO (CNUPasbHYIO) CTPYKTYPY. AHaNorMyHble (BUXpeBbie) obpa-
30BaHUS MMEIOTCS U HA NIaHEeTax-rmraHTax. B ka4ecTBe nepBuYHbIX NCnyckaTenemn
n/vnun ynosutenen «3emnmn» MOXHO paccMmaTpuBaTb HE TOJIbKO eCTECTBEHHbIE HEO-
OHOPOOHOCTY (BMAMMBIE BNAAVIHbI, CKasbl U T.M., HEBUOVIMbIE QHEPIrETNYECKNE BOT -
HYTOCTU U BbINYKOCTU, HANPMUMEP, BO3AYLUHbIE «AMbl»), HO 1 UCKYCCTBEHHbIE
COOPYXXEHUS, BKJlOHYasa NMpamMmapbl, BHE 3aBUCUMOCTU OT TOr0, KaKOBbIM ObISIO KX
npenHasHavyeHue naHavansHo. NMupammnaa Xeonca, kKak BO3MOXHbIN Y10BU-
TeNb/U3nyyaTesib 3HEPrUn, U KaK BO3MOXHbIN PAANOTEXHUYECKNI KOMMIEKC, BKITIO-
yaroLmi B cebs HECKOJIbKO TUMOB @HTEHH, U CNOCOOHLIN CNYXUTb OJ1S CBA3U C KOC-
MOCOM, NoapPoOHO paccMoTpeHa B [4].

K cnupanbHbIM aHTEHHAM KOCMOCa MOXHO OTHECTMW HE TOJIbKO CMpasibHbIE ranak-
TUKN, HO N BHELLHWE 000JI04KM 3BE3[, U MJIaHET, KOTOPbIE MOXHO paccMaTpmBaTh Kak
chepuyeckmne cnmpanbHble aHTEeHHbI. Hanbonee sipko cdepuryeckasn crnvpasbHas
CTPYKTYpPa BblpaXeHa Y KOCMUYECKNX OO EKTOB, MMEIOLLMX MIIOTHYIO aTtMocdepy.

2.5.3. CnupanbHbie ranakTuky Kak criupasibHble aHTeHHbI

CnupanbHble ranaktukm (no GpopmMe 1 CTPOEHNIO) MOXHO paccMaTpmBaThb Kak
€CTECTBEHHbIE MJIOCKME CNMpPasbHblE aHTEHHbI B AeNCTBUK. [10 Ux BUTKam (pykaBam)
«TeKyT» BMOJSIHE BUOVMbIE «BOOPYXKEHHbLIM> MMa30M «TOKW». TN TOKN NPEeaCTaBNSOT
co060oW OBNXYLLIMECS KOCMUYECKNE TeNa («4aCTULbl-BOJIHbI») CAMOW pa3Ho BENNYUA-
Hbl, BKJIOYas 3B€34bl 1 KOCMUYECKYIO Mblb. JJaHHbIE CAMpanbHble aHTEHHbI CO30aI0T
BOKpYr cebs nons B Buae rano. dopma rano coBnagaeT C TUMUYHBbIMUY (AN151 QHTEHH
atoro Tmna) H. He ucknio4yeHo, 4TO UIMEHHO Tak BbIMSOUT U aHanorm4Has cnmpasb-
Has aHTeHHa, co34aHHasi HeNoBEeKOM, ecnu 6bl Mbl MOV BUOETb B3AMMOAENCTBYIO-
LMe C HEN 3IEKTPOMAarHUTHbIE NOJS.

Hanbonee pnviHHbIE BOJIHLI paboyero amnanasoHa eCTECTBEHHbIX BCEIEHCKNX
CMMpPasibHbIX @HTEHH (MO aHanorMm ¢ NCKYCCTBEHHBIMU CANPASIbHbIMU aHTEHHAMN)
LOJKHBI MPUMEPHO PaBHATLCH MEPUMETPY UX BUTKOB (OJIMHE «pyKaBoB»). [MoaTOMy
pabounii gmanasoH Ntobo CnpanbHOM ranakTukn, B MPUHUMNE, MOXET ONpeaennTb
no6oi kocmornor, HO... ux paboyve BONHbI CTOMb ASIMHHbBI, 4TO UCMOJIb30BaTb X 415
B3aMMHOro «0bLeHns» yenosevecTeo NOKA He B cOCTOSHUM.

MMnorte3a: CnupanbHble ralakTUKU MOXXHO paccMaTpuBaTh KaK ecTe-
CTBEHHble AelicTByowme cnupasnbHble aHTEHHbl KOCMUYECKOro Mmaclutaoa.

2.5.4. 060104k NIAHET U 3Be34 KaK cnupasibHO-3epPKasibHble aHTEeHHbI

ATmocdepa BeHepbl N0 BHEWHEMY BUAY MOYTU HE OT/IMHAETCS OT aHaNOrMYHON
aHTEHHbI, KOTOPYIO NPeACcTaBAseT COO0M BHELUHSS MOBEPXHOCTb OQHOI0 U3 UCKYC-
CTBEHHbIX CMYTHUKOB, CO34aHHbIX YENI0BEKOM. bnarogaps 3Ha4YMTENbHOM TOLWMHE U
MIOTHOCTU, a Takke MeaJ/IEeHHOMY BPaLLLEHWNIO CaMO MiiaHeTbl, 06ecneymBaloLLEMy
60oNbLUON «Lar» Mexny «BuTkamm», chepurdeckas cnupasnb BeHepbl npocmaTpmBa-
€TCS 0O4YEHb XOPOLLO.
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ATmocdepbl N1aHET-TMIaHTOB, UMEKOLWMX (B OTNMYKe OT BeHepbl) 60nbLuyto
CKOPOCTb BpaLLeHNsl, 3aKPy4Y€EHbI TaK CUJTbHO, YTO UX «BUTKU>» MOXO0XW HA PS4, KOH-
LLEHTPMYECKNX OKPYXHOCTEN. K «BUTKaM» cnvpany MOXHO OTHECTU U UX KOJbLA,
cocTosiLme n3 6osiee NIOTHOMO U «KPYMNHO3EPHUCTOr0», YeM aTMocdepa nnaHeT,
BELECTBA, 4YTO JIMLLHWIA pa3 NOATBEPXAAET, YTO NPUHLIUMMNANIBHOTO OTINYUS N YET-
KOW rpaHuvLpbl MEXAY BELLLECTBEHHLIMY TEIAMU M NONEBLIMN HaCTMLLAMU HE CyLLE-
cTByeT. [1naHeTbl-rMraHTbl BMECTE CO CBOMMM KOJibLLEaMK (Hanpumep, CaTypH) Haxo-
OATCS Kak Obl B NPOMEXYTOYHOM CTagmm mexay chepuyeckoin 1 NIoCcKon cnuparb-
HOW aHTEHHOW.

ATmocdepa 3emnu No CpaBHEHMIO C PACCMOTPEHHbIMM MIaHeETaMM CUJIbHO pas-
pexeHa n UMeeT Manyio ToNLWKHy. oaToMy ee cunbHO AePOopPMUPYIOT («MOZYNNPY-
I0T») HEOAHOPOOHOCTU 3EMHON NOBEPXHOCTU (OKEaHbI 1 FOpbl), a Takke peskme
nepenagpl TeMmnepartyp, ABASOLLNECS CNleACTBMEM CPaBHUTENLHO ObICTPOro Bpalle-
Hua 3emnun. B peaynstate atMocdepHas cnupanbHo-chepuyeckas aHTEHHA 3emMnn
4yeTKO He BblpaxeHa. OHa kak Obl pa3buTa Ha HebObLUME CrMpalibHblE aHTEHHbI Pa3-
HOM POPMbI 1 pa3mepa, KOTopble B AeNCTBUM MPeacTaBnsatoT cOO0 nokanbHble
BUXPU (LLMKJTOHbI 1 aHTULMKIOHBI, yparaHbl 1 CMEpUn).

MarnuTtocdepa 3emnu, KOTopyro GOoPMUPYET CONHEYHLI BETEP, NPEeACcTaBNseT
coboi TnnuyHyto JJH ocTpoHanpaBneHHOM aHTEHHbI. OTO 0COBEHHO SAPKO BbipaXeHo
B 061aCTK pagnaumoHHbix nosicos. Mo wupuHe H MOXHO NpyMepHO onpenennTtb
«KO3PDULMEHT yCUNEHNS» B HANpaBiEHUN €€ «[MaBHOro IenecTka», BCerga pacno-
JIOXXEHHOIO C HOYHOW CTOPOHBI.

Atmocdepa ConHua, nepexoasas B CO/IHEYHbIA BETEP, — 3TO TUNUYHASA YETbI-
pex3axogHas crnvpasbHas aHTEHHA, N3JTyHaloLLLAsa Kak BELLLECTBO (4acTuupl), Tak 1
none (na3nyyveHune). CnnpanbHblii Xxapaktep ABMXEHUS UMEIOT 1 6osiee NAOoTHbIe
BEPXHME CJION COJNTHEYHOW MOBEPXHOCTU. TO MOXHO NPOCNeamnTb N0 COTHEYHbIM
NATHaM, KOTOPbIE, MEPEMELLLAIOTCS N0 NPOCTPAHCTBEHHO-BPEMEHHBIM TPAEKTOPUSM,
6/IM3KNM K CINpPanbHbIM.

B npuHumne, no cnupanbHbIM TPAEKTOPUAM OOJKHbI ABUFATLCA U MATEPUKN
3emnu. Ho B 0T/I4MeE OT 3EMHbIX MaTePUKOB, COJIHEYHbIE NMATHA MMEIOT HECOM3Me-
pPVMO B0JIbLLYIO CKOPOCTb ABMXKEHUS-U3MEHEHMS, [T09TOMY N UX «KU3HEHHbIN UUKIT»
[OJKeH OblTb (M €CTb) HECOU3MEPUMO MEHbLLIE, YEM Y 3EMHbIX MaTEPUKOB.

Ecnn noBepxHOCTb CAMpanbHOM aHTEHHbI UMEET 3/IIMNCOMAanbHYyI0 (chepon-
JanbHyto), rmnepbonongHyto v napadononaHyto Gopmy, KOTopas xapaktepHa ons
3epKasibHbIX @HTEHH, TO Takne CnupasibHbl€ aHTEHHbI B AMana3oHax BOJH, AJ1S KOTO-
PbIX OHW HE NPO3pPaYHbl U «BbINOSHEHbI» C JOCTATOYHOW TOYHOCTbLIO, MOXHO paccMma-
TpUBaTb Kak 3epKasibHble aHTEHHbI COOTBETCTBYIOLLLErO TUNa. [M0aTOMy 060104KN
NIaHET 1 3BE3[, a TaKXe «rasio» ranakTuk, MOXHO paccMaTpuBaTb /MU B KAYECTBE
3epKasibHbIX aHTeHH. YkasaHHble Tpu GopMbl 3epkan MoryT 6biTb 06pa3oBaHbl [1]
6narogapsi TPEM KOCMUYECKUM CKOPOCTSAM, «LLaPCTBYIOLMM» B KOCMOCE (U He TOJb-
KO B HEM).

mnotesa: AtTmocdepsbl NJIaHET U 3Be3A4, a TaKXKe rasio rajlakTuk MOXXHO
paccmMmaTpuBaTb KakK CNUpasbHbIe U/UJN 3epPKaJibHbl€ aHTEHHbI.

2.5.5. NasoBbie TYMaHHOCTU KaK 3epPKaJibHbl€ aHTEHHbI

M3BeCTHO, 4TO B MOMEHT «CMepTUn» (B3pbiBa) 3Be34a cOpachbiBaeT CBOM ra30Bble
0060/104KN, N OHWU, MOCTEMNEHHO pPaccenBasch (PacLUMPAACh, yaansschb, yBenndmBa-
SICb B pa3Mepe, HO YMEHbLUIASCh MO MJOTHOCTM), NPOAOJIKAIOT ELLE JOFOE BPEMS
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CyLLLECTBOBATb B BUAE BUOVMbIX U HEBUOMMbIX TYMAHHOCTEN TOW UM MHOM HGOPMBI.
EcTb nnaHeTapHble TYMaHHOCTM B BUAe GUKOHyca, LBETKA, KOJibLa U MHOIME Apyrue,
BKJItO4as HenpaBubHble. HoO 60MbLWNHCTBO cOpachbiBaeMbIX 3Be34aMn 060/104eK
[OJIXKHbI, BUAMMO, 06pa30BbIBaTb BbIMYK/I0-BOrHYTblE TYMAHHOCTW, HAaNpaB/iEHHbIE
CBOEW BOrHYTOCThbIO B CTOPOHY B30OpBaBLUelics 3Be34bl. OTU TYMaHHOCTM AJ1st KOCMU-
YecKnx TeN U Noner onpeneneHHoro Bnaa n paamepa MoryT ObiTb «HENPOHMULAEMbI»,
M TOrga ux MOXHO paccMaTpuBaTh Kak 3epkasibHble aHTEHHbI, COCOOHbLIE KOHLEH-
TPMpPOBaTh B CBOEM (POKYCE MEXIBE3OHOE BELLECTBO, OKA3aBLLUEECH B 30HE UX BNUSI-
HUS, «pOXAas» U3 HEro NiaHEeTbl U 3BE34bl CNeAyoLLLEero nokoneHus. Mx MoxHo pac-
cMaTtpuBaTtb 1 kak 06pa3oBaHMe HOBOrO («MNONeBoro») Tena. Hapsay ¢ TymaHHOCTS -
MW, BUOMMbBIMU NPY NOMOLLM TENECKOMNOB, HABEPHSIKA CYLLLECTBYET MHOXECTBO U
HEBUAMMbBIX TYMAHHOCTEN, BEPHEE, HEKNX HEBNAMMbIX D0, aHaNOrMYHbIX, HaNpw-
Mep, noHocdhepe 3emnun, KoTopas BECbMa akTUBHO BbINMOMHAET GYHKLUUK, MPUCYLLInE
BOMHYTbIM 3€pPKaslbHbIM aHTEHHAM.

M3BecTHO, 4TO pabounii Amanas3oH 3epKasibHbIX aHTEHH CO CTOPOHbI AJIMHHbIX
BOJIH OFPaHNYEH NX pasaMepamm, a CO CTOPOHbI KOPOTKUX — MIIOTHOCTBIO 1 TOYHO-
CTblO MX paboyeii NOBEPXHOCTU, T. €. Pa3MEPOM TeX HEOAHOPOAHOCTEN (BbINYK/0-
CTEN N BOTHYTOCTEN), KOTOPbIE HA HEN NMeIDTCA. Ecnn 3T HEOJHOPOAHOCTM CON3-
MEepPUMbI C Pa3MEPOM Y4aCTUL,-BOJIH, B3aUMOAENCTBYIOLLMX C 9TON NOBEPXHOCTLIO,
TO OHW CaMu CNOCOOHLI BLICTYNaTh B KAYECTBE aHTEHH 1 3TO (B Cly4ae ux Hecorna-
COBAHHOI0 NOMOLLEHUS-U3YYEHNS) MOXET NPUBECTU K USMEHEHMIO HANMpPaB/IEHHbIX
CBOMCTB 1 noTepe KoapdrUMEHTa YCUNTEHNS QHTEHHbI B LIEJIOM.

[ns yacTnu-BOIH KOCMUYECKOro maclutaba nioTHOCTb MOBEPXHOCTU 3epKaslb-
HOI @aHTEHHbI MOXET ObITb CTOJIb Mana, a ee pa3aMepbl A0JKHbI OblTb CTOMb BEJINKK,
4YTO Mbl, CKOPEE BCEr0, HE B COCTOAHUM YBUAETb MHOIME N3 HUX (MO KpamHen mepe,
noka) HMU B BUAE OTAENbHbLIX 3JIEMEHTOB, HM Kak egmHoe uenoe. OgHako Takue HeBU-
OVMbl€ 3epKasibHbl€ aHTEHHbI AOJIKHbI YIPaBASTb OFPOMHbLIMW NOTOKaMy 3BE34HOI0
BELLLECTBA, MO KOTOPbIM NX 1 MOXHO 0BHapYyXWUTb.

MMnoTte3a: PasneTtaiowmecs npm B3pbiBe 3Be34, UX ra3oBble 000J104KU
SAIBJISIIOTCS 3epKaJibHbIMMU aHTEHHaMMU.
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Fnaea 3
AHTEHHbI M «TeMHbIe» cunbl BceneHHOM

3.1. Y10 Ham n3BecTHO 0 BceneHHo

3.1.1. Kpnauc B kocmosnorunn

B HacTosLLEee BpeMS KOCMOIOrMsa — Hayka O MPOUCXOXAEHUN 1 3BOOLMK Bee-
JIEHHOWN — nepexuBaeT My0oKni KPU3NC. ITOT KPU3MC HA3PEBa YXKe AABHO B CBA3M C
TEM, YTO Y4EHbIM HMKAK HE YAABasIoCb OO BSCHUTL e, B YEM M KaK CKpbITa OCHOBHAas
mMacca, KoTopas Heobxoamma ans noaaepXxaHus BceneHHor B TOM BUAE, Kak OHa Ceil-
yac cylecTByeT. Cellyac noaBepraioTcs NepecMoTpy NpexHue, GyHaaMeHTalbHbIe
npencTaeneHns o BceneHHoM, yxxe NPOYHO YKOPEHUBLLMECS B yHEOHUKAX W 3HLMKIOMNE-
ausix. A ctapble 1 HOBble NPOo6ieMbl, KOTOPbIE BbIMSAAT Noka Hepa3peLuMbIMU,
BbIHYXXOAIOT YYEHbIX MCKaTb COBEPLUEHHO HOBbIE MYTU NX PA3pPELLEHUS.

MaBHOM Npo6nemMol ABNSETCH BbiICHEHWE CYLLLECTBOBAHUS «TEMHbIX» CUn Bee-
JIEHHOW 1 MexaHn3ma nx OencTBus, eCrivm OHU OENCTBUTENbHO CYLLECTBYIOT. TpebytoT
6onee AeTanbHOro AanbHEenNLWero N3y4eHuns n YepHole Oplpbl. 10 MHEHUIO YYEHbIX,
«PEBMU3US» MOXET 3aTPOHYTb Aaxe NoyTn obLenpuaHaHHyto rmnotesy bonbLlioro
B3pbIiBa. He CymMeB [0 KOHLA NPE0A0NETh «<4EPHbIE» CUJbI, Pa3ragaTb MHOMOYMCIIEH-
Hbl€ TalHbl YEPHbIX AbIP, Y4EHbIE CTOJIKHYIUCH C CYLLECTBOBAHNEM «TEMHbIX» CUJ
BceneHHon — TeMHo MmaTtepuein. K TeMHo maTepumn, NOTECHUB ee, HeaaBHO aoba-
BUacb BTOpas, elle 605ee Moryyast TeMHasl cuna — TemMHas aHeprus. IMeHHo oHa
(no nocnegHUM nccnepoBaHuaM) BepwnT «6an» B KocMmoce, 3actaBnsas BeceneHHyto,
K UBYMJIEHUIO YYEHbIX, PACLUNPATLCS € yekopeHneM. OBbACHEHNS BCEMY 3TOMY Ha
YPOBHE COBPEMEHHbIX 3HaHMI B 06/1aCTU KOCMONOTNU U GU3NKM YHEHbIE HATU HE
MOTYT, 4TO 1 NOPOAMIIO KPU3WNC, 3aTPOHYBLUWIA HE TOJIbKO KOCMOJIOMMIO, HO 1 pyHAa-
MEHTasbHYI0 GU3UKY. BbIXOA N3 3TOro KprU3nca HEKOTOPbLIE YHEHbBIE BUOSAT B KAKOM-
nn6o coeepweHHo HOBOM noaxone Ko BCEM «4epHbIM», «TEMHbIM» U HEMO3HaH-
HbIM cunam BceneHHoNM, BKoYasa rpaButTaumio, He noanaioLLyocst 00bSCHEHMIO eLle
CO BPEMEH OTKpbIBLLEro ee HbloToHA. A HOBbLI NOAX04, CKOpee BCEro, CnocobeH
pPOAMTBLCS Ha CThIKE HayK. Y>K€ BO3HMKAET HOBOE HarnpaefieHMe, CBA3bIBAKOLLEE KOC-
Mosoruio n Gusnky Yactuy,. OgHako He TOIbKO KOCMosioram n guamkam, Ho 1 yde-
HbIM OPYrMx HanpaefeHWin cnegoBasno Obl NosloMaTb CBOW FOJIOBLI HAA TaliHaMu
Hawemn BceneHHon. BnosHe BO3MOXHO, YTO PacKpbITUE 3TUX TalH MOXET 3aTPOHYTb
HE TONbKO PyHOAMEHTAJIbHbIE HAYKM, HO U K&XA0ro U3 HaC JINYHO.

CoBepLueHHo HoBbIi AHTEHHbIN noaxon ko Bcem o6bekTam BeceneHHol 1 nx
B3aVMMOAENCTBMIO APYr C APYroM, 6asupyowmiics ewe Ha nHdopmMauym npoLusioro
BEKa, Korga TeMHasi Matepums MHTepecosana b y3KnX CNeLmnanmcToB, a O TEMHOM
3HEeprum He 6bI1I0 N3BECTHO Jaxe UM, NoApPoOHO n3noxeH B [1], a kopoTko B [5].

3a nocnegHue rogbl NPOU30LLIO CTOJIbKO HOBbIX OTKPbLITUIA, MOCTaBMBLUMX MO,
COMHEHME MHOrme nNpexHue, ka3anochk 6bl, HEONPOBEPXNMble 3HaHUS 0 BceneHHo,
4yTO NpencTaBnseTcs LenecoobpasHbiM BEPHYTLCS K 3TOMY BOMNPOCY elle pas, HO
YK€ C YH4ETOM HOBbIX OTKPbITUIA B 061acT Kocmonorum. OgHako cHavana kKopoTko
HanoOMHWUM, 4YTO HaM N3BECTHO O BceneHnHonm.

3.1.2. Ha yem ocHoBaHa Hayka o BceneHHOIH?

M3y4yeHnem BceneHHom 3aHMMaeTcs, B OCHOBHOM, KocMonorus. Ho B nocnea-
Hee BpeMs OHa BCe yalle «nepecekaeTca» ¢ duamkon. Hawm 3HaHnsa o BceneHHom
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noka noYyTu NOJSIHOCTbIO OCHOBAHbI HA MPEANONIOXEHUAX U FTMNoTe3ax, MOCTPOEHHbIX
no pesynbratam NaccuMBHOro HabnoaeHNS 3a TeMU NpoLLeccaMmn, NPONCXOAALLMMUN
BO BceneHHoW, KOTOpble AOCTYMHbI N3Y4EHMIO MPU NMOMOLLW CYLLLECTBYIOLLNX HA
CerogHs TeXHN4ecknx cpencTB. [09TOMY HET HUYEro YOUBUTENLHOMO, YTO HEKOTO-
pble, aXe 04YeHb CTPOMHLIE MMMNOTE3bI M MPEONONOXEHNS BPEMS OT BPEMEHM CTa-
BATCS N0, COMHEHME NN Jaxe ONpoBepraroTes.

B nocnenHme roabl B CBA3M C HOBbIMM OTKPLITUAMWN MHTEPEC K Halen Bcenex-
HOI 3HAYNTENBHO BO3POC HE TOJIbKO B CPEAE YHEHbIX, HO 1 CPEeEOU LUMPOKOro Kpyra
yntatenen. NMoatomy nodtn exxegHeBHo B CMI, BktoYas 3nekTPOHHbIE, MOXHO
BCTPETUTb YTO-HMOYAb HOBEHLKOE O pa3Hbix 06bekTax BceneHHoli. Hapsay ¢ kpat-
KMMU COOBLLEHNAMM, NOSBUIINCE, HANWCAHHbIE HA HAYYHO-MOMYIIPHOM YPOBHE,
6onblIne 0630pHbLIE CTaTbM M PENOPTAXKM, MOCBSALEHHbIE «HEPHbLIM» N «TEMHbIM»
cunam BceneHHoN: YepHbIM Oplpam, TEMHOW MaTepun U TEMHOW SHEPIK, Hanpu-
Mep:

Cepreit KysHeuoB: «TemHass MaTepus n TemHas aHeprusi», http://www.chro-
nos.msu.ru/RREPORTS/kuznetsovsi_temnaya.htmil;

Mropb KapayeHues, ApTyp HYepHuH: «OCcTpoBa B okeaHe TEMHOW 3HEPTUN»,
http://elementy.ru/lib/430424;

VpwuHa JlaryHuHa: «TeMHas aHeprus n TeMHas matepus Bo BceneHHom»,
http://www.svobodanews.ru/Transcript/2007/10/05/20071005153522663.html .

A. [ HepHuH: «TemMHast SHEPrns N BCEMUPHOE TATOTEHUE,
http://ufn.ru/ru/articles/2008/3/c/;

EBreHnn MonyaHoB: «Mexay TEMHON MaTepuen n TEMHOWM SHEPTUEN»,
http://www.ras.ru/digest/showdnews.aspx?id=23e3014c-4b07-40f6-b67b-
e9eabl1ec4c29& Language=ru;

Coodbsa BepiolukurHa: B kocMoce HalaeHbl TMraHTckmMe HeBUANMbIE NATHA,
http://www.utro.ru/articles/2008/01/21/710168.shtml.

OpaHako HEKOTOPLIE YHEHbIE CYLLLECTBOBAHNE TEMHOW MaTEPUN N TEMHOWN 3HEP-
run B TOM NOHMMAaHUM, KaK 9TO CeNYac NPUHATO, OTpMualoT, Hanpumep borgan Tuto-
peHKko: «TeMHas maTepust — naog, BOOOpaxeHns yyeHblx» http://www.utro.ru/artic-
les/2006/09/14/583685.shtml.

OpHako no gaHHeiMm WMAP, onybnunkoBaHHbiM NASA, http://lenta.ru/news/
2008/03/10/wmap/, ceityac BceneHHas Ha 72% COCTOUT U3 TEMHOI SHEpPruu, Ha
23% — 13 TeMHoIn maTepumn, Ha 4,6% — 13 0ObI4HbIX aTOMOB, MeHee YeM Ha 1 % —
13 HEWTPUVHO.

M aTo, noxanyi, Bce, 4TO cumTaeTcs Hanbosiee 4OCTOBEPHLIM, HECMOTPS Ha
BCIO «TEMHOTY» B 9TOM BOMpPOCE.

M3BecTHO Takxke, 4To npmumepHo 70...80 % aHeprun Hanbonee aPpPeKTUBHBIX
COBpPEMEHHbIX aHTEHH 3aKJ/Ilo4eHO B rmaBHOM nenectke [H, octanbHble 20...30% —
B GOKOBOM 1 KPOCC-MNONSAPMN3aLMOHHOM n3nydeHnn. CocTtas ranaktuk: 75% — cnu-
panbHble, 20% — waposble. CocTtaB aTmMocdepsbl: 78% — as30T, 21% — kmMcnopod.
KpaTHble kocMuyeckme cmctemMbl cocTaBnatoT 72%. CoctaB ConHua (no macce):
71% — Bopopon, 27% — renuii. NoeepxHocTb 3emnu: 71% — Boaa, 29% — cywa.
CocTaB yenoBe4yeckoro Tena: npumepHo Ha 70% cocTtouT ua Boabl. CnyyainHbl nn
9TV UndpbI?

CornacHo npuBefeHHbIM JaHHbIM, CEroAHSA BO BceneHHon rnaBeHCTBYET
HUKOMY HEM3BECTHasi TEMHas SHepruvs, Ha BTOPOM MeCTe — MaJsio U3y4eHHasi TEM-
Has maTepwusi, a Hanbonee n3y4eHHoe 0ObIYHOE BELWECTBO — BapnoHHasa maTepus
— COCTaBJIIET MEHbLUE 5-TN NPOLEHTOB, HE TOBOPS O TOM, HYTO M OHO OBHapPYXeHOo

239



AHTEHHbI, MUP 1 Mbl. YacTs I

JNWb YaCTUYHO, @ YaCTUYHO BLICTYMAET B BUAE CKPbITON OT HabtoaeHNst MacChl
BceneHHoi. Tak MOryT i1 Hawwm 3HaHUs o BceneHHoi, 6a3unpyoumecs Ha nayde-
HUW, NPUYEM YAaCTUYHOM, BCErO INLLb HECKOJIbKMX NPOLEHTOB TOr0, N3 YEro oHa
COCTOUT, BbITb AOCTATOYHO AOCTOBEPHLIMU? [103TOMY HET HNUYErO YANUBUTESIbHOIO
B TOM, 4TO MHOIME U3 HUX BPEMS OT BPEMEHU HE TOJIbKO YTOYHSAIOTCH, HO 1 ONpPO-
BepratoTcs. CnenyeT Takxke OTMETUTb, YTO HETKOIro pasrpaHNyeHns Mexny OCHOB-
HbIMW COCTaBNAOWMMN BCeneHHOM: CKPbITON MacCoOn, TEMHON MaTepUen n Tem-
HOW SHEPrUEN, NOKa HET, a NOATOMY, K TOMY X€, 3a4aCTy0 BOSHUKAET TEPMMHOJI0-
rmyeckasl nyraHumua.

Hwuxxe o4eHb KpaTko n3noxeHa nHpopmMaums (npeteHayowas Ha Hanbonee
[OCTOBEPHY0) 06 OCHOBHLIX, HAa CerofHs, 3aragkax BceneHHoi. 9ta nndopmaums
«MHTErpMpoBaHa» U3 MHOIMX HanboJsiee COBPEMEHHbIX, HO B OCHOBHOM Hay4HO-
NoNynsiPHbIX MICTOYHUKOB, BKJOYada NpuBeaeHHble Boie. Kpome Toro, caenana
nonbiTka pa3rpaHnynTb TPU OCHOBHbIE COCTaBnsowmMe BeceneHHomn, xoTs, kak 6yaeT
nokasaHo B JaibHENLLEM, UX, BO3MOXHO, CleayeT He pas3beAnHsATb, a 00beaNHATb.

3.1.3. bonbLuoii B3pbIB N ero nocsaencrens

Cuntaetcs, 4TO B Aa/IEKOM MPOLUIIOM, B MOMEHT poxaeHnsa BceneHHow Bce ee
BEeLLEeCTBO OblsI0 CXaTo 40 OrPOMHbIX MJIOTHOCTEN 1 Pa30rpeTo A0 NpenesbHbIX TeM-
nepartyp.

Cuuntaetcs, 4to Habnogaemas Hamu BceneHHas B ee COBPEMEHHOM BUAE
aBnseTcs pe3dynstatoM Bonblioro B3pbiBa, B NpOLECCe KOTOPOro BeicBOO6oAMNIach
KoJioccalibHas 3Heprus, a 4to Obls1o 40 HEero, Ha 3TO KOCMOJIOrs HE OTBEYaeT.

CuuTaeTcs, 4TOo yXe B NepBble MIHOBEHMS NOCJie B3pbiBa B NEPBMYHOM CrycTKe
3HEepPrum NosSIBUNUCH 3IeEMeHTapHbIe YacTuLbl — BHavase Hanbonee Taxesnble, 3aTeM
Bce bonee nerkue, BKIOYasi NPOTOHbl, HEUTPOHbI N 3NIEKTPOHbI, U3 KOTOPbIX MOTOM
06pa3oBannCb aToOMbl U MOJIEKYJbI 0OBLIYHOrO BelecTBa — GapMOHHOK MaTepum, a
M3Ny4yeHne, KOTOPOE OTAENUIOCH OT BELLECTBA B 30Xy COEAMHEHMNS MPOTOHOB U
3NEKTPOHOB U COXPAHMNOCh A0 HAaLUNX AHEWN, HA3BAHO PENIMKTOBLIM.

Cuutaetcs, 4To Nocsie OTAENEHNS U3Ny4eHUss BAPMOHHOE BELLLECTBO MNOA AEN-
CTBMEM I'PaBUTALMOHHbLIX CU CTaNo cOBMPaTbCs B OFPOMHbIE CIYCTKM, N3 KOTOPbIX
3aTeM cpopMUPOBaNMCb BCE MHOIMO4YMCSIEHHbIE «0OuUTaTenn» BceneHHoN.

CuuTaeTcs, 4To nocnenyloLas 3Boounsa ¢ 06pazoBaHNEM KOCMUYECKUX
CTPYKTYP, BKJlIO4AS CKOMJIEHUS ranakTuK, CaMmn ranakTukm 1 3Be3abl BHYTPU HUX,
npoucxoamT (BMOThb 4O HALWMX AHEeN) Ha PpoHe pacumpeHnsa BeceneHHom: paccTos-
HUS MeXAy ranakTmkaMmu ¢ TeHEHUEM BPEMEHN YBENNYMBAIOTCS.

[lo HepaBHEro BpeMeHU CYMTanoChb, YTO TEMM paclumpeHnus BceneHHoM aomkeH
CTabuNM3npoBaTbLCS NN JaXe YMeHbLUMTbCA. Kpome Toro, nonaranu, 4to ranaktu-
yeckasi Macca CBeTSLLENCSA MaTepumn (KOMYECTBO 3BE34, B ANCKE) CUJIbHO YObLIBAET C
yAQNIEHVEM OT LLEHTPa ranakTuku, a caMmu 3Be3bl raslakTM4eCckoro Aucka BpaLLaoT-
CSl BOKPYT si4pa rafiakTMky aHanorMyHo niaHetam Bokpyr ConHua, T. e. opbutanbHas
CKOPOCTb 3BE3/, MO MEPE yaaneHus oT 94pa yMeHbLIAeTCs.

B gencTBuTeNnbHOCTU BCE 0Ka3asoCh HE COBCEM Tak, a BceneHHasa xpaHuT cBou
OCHOBHbIE TalHbl 32 CEMbIO NMeYyaTaMu, He NO3BONSAS HAM pa3ragaTtb UX B MOJIHOM
obbeme.

Celtyac maTepusi Bo BceneHHow npeacrtasnset cobor nayTMHONoao6Hyio
CTPYKTYPY, & CKOMeHUs ranakTuk obpasyoT ee Hanbosiee NniaoTHbIE Y3Jibl, KOTOPbIE
HaM HMKaK He yaaeTcs noka «pa3pyounTb».
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3.1.4. HepasragaHHblie TaviHbl BceneHHoOi

OcHOBHbIe, Hepa3ragaHHble Ha CeroaHs, TaiHbl BceneHHon:

+ TailAHa YepHbIX AbIP: TEPMUH «4epHble AblPbl» NOABUNCA B KOHLE 60-X
rogoB ABaaLaToro Beka. Ho npeanonoxeHne o CyweCcTBOBAHUM HEBUOMMbBIX MacC-
CVIBHbIX 3BE3M, KOTOPble AKOObI BCE MOMMOWaloT U HUYETro He N3y4vatoT, Oblio
BblCka3aHo eLle B koHue 18 Beka. BO3MOXHOCTb CyLLIECTBOBAHUS TakMX 3BE3L, TEO-
PETMHECKN BbITEKAET N N3 TOYHLIX PELUEHWNI ypaBHEHMIN JiiHWITelHa, PaHee nono6-
Hble 00BEKTbI HA3blBaNM «CKOJINIANCcUpPoOBaBLLNE 3BE3bl», a TakXKe «3aCThIBLUME 3BE3-
Obl». \oes o ToM, 4To YepHble Ablpbl CMOCOOHbLI HE TOJIbKO MOrMoLWaThb, HO U U3Ny-
yaTb, MOSABUAACH NMPMMEPHO B CEMNAOECATbLIX rogax NPOoLUIOro Beka, a 3aTemM BO3HU-
Kna yBEPEHHOCTb B CYLLLECTBOBAHNN N MasbIX TEMHbIX Ablp. Ceilvac 0 TeMHbIX Ablpax,
BepHee, 0 HEeKNX 00beKTax, KOTOPble MOXHO C HUMU UOEHTUPULMPOBATb, U3BECTHO
y>Xe MHoroe. Ho 4To Xe Takoe YepHble Ablpbl U CYLLLECTBYIOT JIM OHM BOOOLLIE, 00 CUX
rMnop TOYHO HEN3BECTHO.

+ TamHa CKpbITOM MACChbI: B TPMALATLIX FO4ax NPOoLLIOro Beka BblIICHUAOCH,
YTO HaAMAEHHOrO N0 CBETUMOCTM KOMYEeCcTBa MaTepum ans GopMnpoBaHus v yaep-
>KaHUS CYLLLECTBYIOLLIMX KOCMNYECKMX CTPYKTYP HEQOCTAaTO4YHO, MO3TOMY NoTpeboBa-
NOCb HANTW OONOJIHUTESbHbIE, MPUYEM OFPOMHbIE, CUbI. Toraa BnepBblie 3aroBoOpu-
N 0 TEMHOW MaTepumn. Ho Tak kak cHayana nonaranu, YTo «TeMHbIe» FPaBUTALLMOH-
Hble CUJbl MOPOXOATCS MacCcol 0ObIMHOIO, HO CKPbLITOrO OT HabnaaTenen selle-
CTBa, KOTOPOE He yaaeTcsl 0OHapPYXnTb U3-3a OTCYTCTBUS Y HErO CBETUMOCTU, TO
BO3HMKJI0 MOHATUE: CKpbITast Macca. OgHaKo HY>XXHOr0o KoJin4ecTBa Takoii Macehl
HaTWN Tak U HE yaanochb.

+  TamHa TEMHOW MaTepUumn: B CEMUOECATbIE rOAbl MO 3KCNEPUMEHTAsbHbIM
KPWBbIM BpaLLLeHUs 3Be3, BbIACHUIOCh, YTO CKOPOCTU 3BE3 M, PACMNOJIOXEHHbIX BOMM-
3U Kpasl ranakTM4eckoro Amcka, He TONbKO HE YMEHbLLAKTCS, HO AaXe BO3pacTaloT.
M3 aToro caenanv BblBOA, YTO ranakTuka okpyXeHa rano (Hekor o60104Kon) 13
HECBETALLENCSH, a NTO3TOMY HEBMAMMOM MaTEPUM, KOTOPasi CBOUM FPaBUTALLMOHHbBIM
nonem He gaeT 3Be34aM MNOKUHYTb ranakTuky. Tak kak HeBuaumas obonoyka, obna-
JatoLas CToflb OFPOMHOI CUIO NPUTSIXXEHUS, BPSO I MOXET ObiTb BbINOJIHEHA U3
00ObI4HOrO BELLLECTBA, TO CHOBA 3aroBOPU/IN O TEMHO MaTEPUM HO YTO 3TO TakKoe,
nokKa BbISICHUTb HE yAanocChb.

+ TalHa TEMHOW 3HEeprumn: B CaMOM KOHLLE NMPOLLUIOrO BeKa Ha Kpato Bcener-
HOI ObIN 0BHAPYXEHbI raNakTUKK, TEMNM PacLUMPEHNst KOTOPbIX HE 3aMegnsieTcs, a
yBenmymBaeTtcs. 13 aToro caenanm BelBoA, 4TO BceneHHas paclumpsaeTtcs yxe ¢
YCKOPEHMEM, N TEMI paclUMpeHnsi BO3pacTaeT, MPUYEM Ceirvac OH Bhille, 4eM Obln B
[anekoM NpoLUioM. Ho Tak Kak YCKOPEHNE MOXET BOSHUKHYTb JNLUb MO, AENCTBUEM
LOMNOSIHATENBHOM CUJibl, TO CYLLECTBOBAHME TAKOW CUJbl MPU3HAN 1 HA3BaNu ee
TEMHOI 3HEepPrnemn, Ho 4TO Takoe TEMHas SHePrusa, Takke noka HeM3BeCTHO.

+ TanHa rpaBuUTaumMm: 3aKOH BCEMUPHOTO NPUTSXEHUS, OTKPbITBIN HbIOTO-
HOM, N3BECTEH KaXXA0MY LUKOJIbHUKY. 1eNCTBME 3TOr0 3aKOHA KaX bl HENTOBEK
HabnoaaeT NOCTOSAHHO U HENOCPEACTBEHHO. MI3BECTHO 1 XOPOLLO U3Y4EHO MHOXE-
CTBO €ro nposiBfeHn. Ho 4To MMEHHO BbI3bIBAET CUJIbl, HA3BAHHbLIE FPABUTALMOH-
HbIMU, BbISCHUTb HUKAaK HE yOaeTCs.

3.1.5. Y10 N3BECTHO O «4epHbIX Ablipax»?
YepHas gbipa — 370 061acTb B NPOCTPAHCTBE-BPEMEHMN, FPaBUTALMOHHOE
NMPUTSXKEHUE KOTOPOW HACTOJIbKO BEINKO, YTO HU BELLLECTBO, HU N3JTy4EHNE, ABUXY-
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Lieecs aaxe CO CKOPOCThbIO CBETA, HE MOIyT 3Ty 061acTb NOKMHYTbL. B cooTBETCTBUM
C COBPEMEHHbIM Hay4HbIM BUAEHVUEM YEPHbIX AbIP CHNTAETCS:

B6113u yepHo Ablpbl HAMPSXXEHHOCTb MPaBUTALMOHHOIO NOS Tak BENNKa, 4To
dur3nyeckme NpoLEecChbl TaM MOXHO OMUCHIBATb TOJIbKO C MOMOLLbIO PENATUBUCTCKOM
TEOPUN TATOTEHUS, COMNACHO KOTOPOI NPOCTPAHCTBO N BPEMS MCKPUBASIIOTCS rpa-
BUTALMOHHbBIM MOJSIEM MACCMUBHbIX TEN.

Baanu ot yepHoi Ablpbl UICKPUBAEHWE Maso, a BOAN3K Tak BENINKO, YTO Jy4un
CBEeTa MOryT ABMIraTbCs BOKPYr HEE MO OKPY>XHOCTU. Boanun ot 4epHom apipbl none
TAroTEeHMS ONUCbLIBAETCS Teopuel HbloToHa Ana Tena Takoi Xxe Macchbl, HO BO/IN3Kn
rpaBuTauns CTAaHOBUTCS 3HAYMTENBHO CUJIbHEE, YEM NPeackasbiBaeT Teopus Helo-
TOHa.

[na Haxoaawmxcs B YEPHOW Ablpe TeN CKOPOCTb yberaHus (BTopasi KocMuye-
cKasi) 4OJKHA NMpPeBbIlaTh CKOPOCTb CBETA. HO B HACTOSILLEE BPEMS CHMTAETCS, 4TO
HW BELLLECTBO, HM U3Ny4yeHne aBuratbCcs ObICTpee cBeTa He MoryT. [1oaToMy 13 yep-
HOW ObIPbl HUYTO HE MOXET BbIJIETETh.

Mpouecc nageHns rasa Ha 6o KOMNAKTHBIN aCTPODU3NYECKMIN OOBEKT, B
TOM YMCJIE N HA YEPHYIO ObIPY, HA3bIBAETCS akKpeLUMeEn, a u3-3a BpawleHns rasa,
YAEPXVBAEMOIrO YEPHOM AbIpOoN, GOPMUPYETCSH aKKPELMOHHbIA ANCK, B KOTOPOM
4yacTb BELECTBA PA3rOHAETCS 40 OKOJIOCBETOBbLIX CKOPOCTEN No4 AEACTBNEM CUI
rpaBuUTaLnmM Oplpbl, HArPEBAETCS U B PE3YNLTATE CUIbHO M3MYyYaEeT B Pa3HbIX Avana-
30Hax 4acTOoT, BK/H0Yasi BOJIHbI PEHTITEHOBCKOro Anana3oHa. 970 gaeT npuHumMnmnanb-
HYI0 BOBMOXHOCTb OOHapy>X1BaTb YEPHbIE AblPbl MPY MOMOLLN PEHTTEHOBCKNX TENe-
ckonoB. OcHOBHas nNpobnema 3ako4aeTcs B OnpeaesieHnn pasnnyans mexany
AKKPELUMOHHLIMY ANCKAMU HENTPOHHbIX 3BE3M, U YEPHbIX AbIP, 4TO NPMBOAMUT K
HEeYBEepPEHHOCTM B NAeHTUOUKaALMN 3TUX aCTPOHOMMUYECKUX 0OBEKTOB.

paHnuy obnacTu, 3a KOTOPYIO HE BLIXOAMT CBET, HA3bIBAKOT «FOPM30OHTOM
COObITUI», NN MPOCTO «FOPU3OHTOM>» YEePHOW Ablpbl. Tak Kak HOCUTENb MHpOpPMa-
umMmn (CBeT) He CNOCOBEH BbIATU N3-MN04 FOPU30HTA COObITUI, TO BHYTPEHHSAS YacTb
YepHOW Ablpbl HE CBA3aHAa C OCTaNbHOM BCeneHHom n Nnponcxoasiime BHyTPY YHEPHOMN
Oblpbl GU3NYECKMEe NPOLLECCHl HE MOTYT BNIMATL Ha Npouecckl BHe ee. OgHako
BELLLECTBO U U3NTy4eHMe, Najatollee Ha YEPHYIO AbIpy CHAapYXn, CBOOGOAHO NMPOHMKa-
10T BHYTPb YEPE3 FTOPU3OHT.

PacueTbl y4eHbIX NOKa3bIBAKOT, 4TO NpU Naeanm3npoBaHHOM cHEPUYECKOM KO-
nlance BELLECTBO Mo ropn3oHTOM CODbITUIM 32 KOPOTKOE BPEMS CXUMAETCS B TOYKY,
roe nocTuratoTcsd 6eCKOHEYHO BOoMbLUME 3HAYEHUS MIIOTHOCTU U TAroTeHUs. Takyto
TOYKY Ha3blBaOT «CUHIYNSAPHOCTbLIO». HO eCcnn BO3HMK rOPM30HT COBLITUIA, TO faxe
Hechepmnyecknin Konnarnc NPUBOANT K CUHIYNISIPHOCTW.

Cuutaetcs, 4To NagatoLlee B Ablpy TENO0 AO0JIKHO UCMbITLIBATL AENCTBUE NpU-
JINBHbIX CUJ1, PACTAMMBAIOLLMX TENO B paanasbHOM HaNpPaBi€HNU 1 CXUMAKOLWNX — B
TaHreHumanbHoM. B HeKOTOpPbIA MOMEHT COOCTBEHHOIO BPEMEHWU, KOTAa Teno nepe-
cekaeT rOpu30oHT COObITUI 1 OKa3biBaeTCH B FOPJIOBMHE paguyca, yneteTb U3 Hee
[0 MOMEHTa OKOHYaTEsIbHOrO CXJ/TIOMNbIBAHNS YXKE HE MOXET, AaXe ABUMrasiCb CO CKO-
pPOCTbIO CBETA.

YepHble ObIpbl CO BDEMEHEM «MCNAPSIOTCS», TEPSAA BMECTE C MacCOW U NPoao-
XUTENbHOCTb XM3HU, @ CKOPOCTb UCMapeHns TeM 6osblue, HEM MeHbLLE pa3Mepbl
YyepHoIi ablpbl. B TO Xe Bpems 60nbLUMEe YEPHbIE Ablpbl, TEMMNepaTypa KOTOPbIX HUXe
TemMnepartypbl PENNKTOBOro nanydeHns BecenerHoi (2,7 K), Ha coBpemMeHHOM aTane
pa3suTna BceneHHom MOryT TOMIbKO PacTu, Tak Kak MICNYyCKaeMoe MU U3Jy4eHne
VIMEET MEHbBLLYIO SHEPIUIO, YEM MOMOLLAEMOE.
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OpHako Bce 3TO BEPHO NULLIb B TOM Clly4ae, ecnv obuas Teopust OTHOCUTENbHO-
CTV NPMMEHMMA BMJI0Tb A0 O4YEHb MaslbIX MPOCTPAHCTBEHHbLIX MacLUTaboB, B HEM
noka HeT yBEPEHHOCTU. B MnkpomMmpe OencTByIOT KBAHTOBLIE 3aKOHbI, @ KBAHTOBAast
Teopus rpaBuUTaLLUmM ELLE HE CO34aHa.

Hanbonee xapakTepHOM YepTOI YEPHOW AbIPpbl ABASETCS HAIMYME MOLLHOTO
nons TAroTeHusl, NPOCTMPAIOLLErocs Aaneko 3a ee npegenaMmn, MexaHnam obpaso-
BaHNS KOTOPOrO NOKa He MOHSAT U He «BUOUM». «Buaar» e npu HabnogeHnm ToNbKO
4acTb SHEPIrUM, CKOHLEHTPMPOBAHHOM B «16104Ke», KOTOpas Nnpeobpa3oBaBLUMChL B
«BUANMBI» YeNOoBeKY Anana3oH, 0Tpa3unack B CTOPOHY HabnoaaTens.

MpennonoxeHne o TOM, YTO NOAOOHbIE OOBLEKTbI, HO TONIbKO OYEHb MACCHBHbIE,
MOryT CYLLLECTBOBATb, ObIIO BbICKA3aHO €eLLE B KOHLEe 18 Beka (Toraa vux Ha3blBanm
«cKonnancupoBasLUne 3Be3abl», a Takke «3acThiBLUME 3Be3A4bl»). HO fonroe Bpems
nonaranu, 4To Takme 06bEeKTbl BCe NOrOLAT M HAYEro He nany4yatoT. [loaTomy B
KoHLe 60-x rogoB AaauaToro Beka poanicsa TepMuH «4epHas aslpa». Ho Bckope
(y>xe B CeEMUAECATbIX roAax) BO3HUKNA NAes O TOM, YTO YepHble Ablpbl CNOCOOHLI He
TOJIbKO MOMMOLWAaThb, HO 1 N3ny4yaThb.

B HacTosee BpeMs CyLLeCTBOBaHME YEPHbIX Ablp CYATAETCS MNOYTM AOKa3aH-
HbIM, OIHAKO, ECTb U COMHEBatoLwuecs, http://friday.vedomosti.ru/artic-
le.shtmI?2006/08/11/8007, B NpaBU/IbLHOCTN CYLLECTBYIOLLErO K HAM NOAxoAa, Tak
Kak JOCTOBEPHbIX JAaHHbIX O YEPHbIX Ablpax 04eHb Masno, U MHOroe U3 Toro, 4To CYu-
TasoCb COBCEM HEAABHO MOYTU JOCTOBEPHbLIM, ONPOBEPraeTcs.

Hanpumep, HECKONBbKO OECATUNETUI Ha3aM, CUK-
Tanocb, YTO BOAN3N YEpPHbIX Oblp 3BE34bl HU HOPMU-
pOBaTbLCS, HM CYLLLECTBOBATbL HE MOryT. Ho 6narogaps
NPakTU4eCcKUM HabNAEHNSM TaKyto BO3MOXHOCTb
BCE Xe Npu3Hann, XoTs N He CMOTN MOHATb, KakK 3TO
nponcxogut. CUMTanoch TakXe NoYTU JOKA3aHHbIM,
4yTO BCe 3BE3abl GOPMUPYIOTCH U3 ra30BO-MbI1EBbIX
obnakoB, KOTopble 06pPa3ylT CBOEr0 Poaa BUXPU U
BOPOHKM BOKPYI YEPHbIX Ablp. A COBCEM HEAABHO
OpuTaHckne actpodm3nkn (Ha OCHOBE KOMMbIOTEPHOTO MOAENNPOBAHNS) NPULLIA
K BbIBOAY, H4TO 3BE34bl MOTYT GOPMNPOBATLCS U U3 SNNUNTUHECKUX ANCKOB,
OCTaloLWMXCSA NOCie TOro, Kak OCHOBHOM MaTepuan obnaka yxe BTAHYT B YHEPHYIO
abipy, http://www.cybersecurity.ru/news/53800.html (24.08.2008). B T0 xe BpemMs
npeanosioxXeHne 0 TOM, YTO YepHas Ablpa U3BepraeT YacTuubl Naa3mbl No cnupa-
N, Nepepocsio yXxe B YBEPEHHOCTb, http://www.izvestia.ru/news/news171972
(24.04.2008).

OpHako HayyYHble 0603peBaTENN CHNTAIOT, YHTO U CEroOHS YYeHble No-NpexHe-
My Aaniekm OT MOHUMaHWS NPOLECCOB, MPOMUCXOASLMNX B HEAPAX YEPHbLIX AbIp U
Mbl (HENIOBEYECTBO) HMKOMAA HE PACKPOEM MX TanHbl. 10 nocnegHUM JaHHbIM,
KpoMe BONbLUMNX YEPHbIX AblPp €CTb U Masble, BO3MOXHOCTb CYLLLECTBOBAHUS KOTO-
pbiX COBCEM HEAABHO OTpULANach, NPUY4eM MPOLLECC NOMOWEeHN MaTtepumn ans
O0MNbLIMX N MaNeHbKMX YepPHbIX Oblp oauHakos, http://versii.com/news/155345/,
a YEPHbIX AblP C «MPOMEXYTOYHOW» MacCOM HANTW NOKa HEe yaanoch,
http://rnd.cnews.ru/natur_science/news/top/index_science.shtml-
2008/08/22/313843 . PekopaHO Manas Macca HaleHHO YepHO Oblpsl,
http://lenta.ru/news/2008/04/02/blackhole/, cocTtaBnsieT 3,8 coniHEe4YHO
Macchl, a pekop, CBEPXMACCUBHbIX YEPHbIX Ablp — 18 MuUnnanapaoB CONHEYHbIX
mMacc.
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Bonpoc o0 peanbHOM CyLLLECTBOBAHUM YEPHbIX AbIP (B COOTBETCTBMU X COBPE-
MEHHbIM BUOEHMEM) BO MHOIOM CBSi3aH C JOCTOBEPHOCTLIO CYLLLECTBYIOLLIEN TEOPUM
rpaBuMTaLnu, OCHOBaHHOM Ha obLel Teopun oTHocuTenbHocTn (OTO).

CywiecTBOBaHME YEPHbIX Ablp AONYyCKaeTCs U B pamMkax HEKOTOPbLIX APYrux (Teo-
peTudeckux) mogenein rpasutaummn. OgHako OTO (1 apyrvue Teopun) NpUMEHUTENb-
HO K YepHbIM AblpaM 3KCNEPUMEHTASIbHO NMOKa He NOATBEPXAEHbI.

CuuTaeTcs 4TO BCe, NonagaloLee BHYTPb YHepHOM Ablpbl, OCTAeTCs TaM HaBCer -
0a, o4HaKo NoaTBEPAMTb 3Ty TEOPUIO NPSIMbIMY @CTPOHOMUYECKUMN HaBNaEeHNS -
MW He yaaeTcs, Tak Kak HET CTOMPOLEHTHOMN YBEPEHHOCTU B TOM, YTO HAWAEHHbIE
00beKTbl, NPeTeHayLWMNEe HA 3BaHMNE YEPHbIX Ablp, AENCTBUTENBHO ABSIOTCS Tako-
BbIMW.

Ceityac B ka4ecTBe YEepPHbIX Ablp pacCMaTpMBalOTCs BCe 0OHapy>X1MBaeMble
[OCTaTO4YHO MJIOTHbLIE N MACCUBHbIE 0OBLEKTbLI, 061a4atoLLMe YacTbio CBONCTB, NpU-
nmcbiBaemMbix UM, ncxoans ns OTO.

Mo coBpeMeHHbIM NpeacTaBeHUaM ecTb YeTbipe cueHapua oopa3oBa-
HUS YEePHOW AbIPbI:

1. MpaBMTaAUMOHHbIN KOANanc (katactpodunyeckoe cxatne) 4ocTatoyHoO Mac-
cuBHOW 3Be3abl (bonee 4em 3,6 macc ConHua) noa aencrememM coOCTBEHHOMN rpa-
BUTALUMM HA KOHEYHOM 3Tane 3BOJIIOLNKM, KOrga UCTOLLLAETCS SAepHOE ropioyee 3Be3-
Obl, NoAAepPXMBalOLLLEE PABHOBECHUE.

Mpwn aToM Hanbonee BbICTPO CXMMAETCH AP0 3BE3Mbl, @ €€ BHELUHWE C/ION
OTOENsTCA OT 94pa B BUAE MEOJIEHHO pacLUMPSIOLLEcs NnaHeTapHoOn TYMaHHOCTH
nnm katacTpodmyeckn coOpPOLLEHHON 000N04YKM CBEPXHOBON. B 3aBMCMMOCTM OT
Macchbl 3Be34bl 1 BpalaTeibHOro MOMEHTa BO3MOXHbI CleayloLLMe KOHEYHbIe
COCTOSIHMS: NoracLuas o4eHb NaoTHas 3ee3aa, 6enblii kKapnuk, HEMTPOHHAs 3Be34a,
yepHas ablpa. PaznnyHble MOAENM AT HUXHIOK OLLEHKY MaCCbl YEPHO AbIpbl,
nonyyaioLlencsa B pedynsrate rpaBUTalMoHHOro konnanca, ot 2,5 0o 5,6 macc
ConHua. Paguyc 4epHoi obipbl NPy 3TOM O4E€Hb Man — HECKOJIbKO AECATKOB KWO-
MEeTpOB.

2. Konnanc ueHTpanbHOM 4aCcTu ranakTukn nnu npa-ranakTmyeckoro rasa.

CoBpeMeHHble NpeacTaBNeHNs MOMELLLAIDT OFPOMHYIO YEPHYIO AbIPY B LEHTP
MHOIMX, eC/IN HE BCEX, CNNPaNbHbIX N 3MINIMATUYECKMX FranakTuk.

3. ®opMurpoBaHme YepHbIX Ablp B MOMEHT Bonblioro BapbiBa B pe3ynbrate
bnyKTyaumn rpaBUTALMOHHOIO NOAS U/Unn Matepun. Taknue YepHble Oblpbl HA3bIBA-
IOTCS NEPBUYHBIMM.

4. BO3HMKHOBEHWE YEPHbIX AbIP B A0EPHbIX PEAKLUSAX BbICOKNX QHEPI NN —
KBaHTOBbIE YEPHbIE ObIPbI.

CuntaeTtcs, 4TO YepHas Ablpa MOXET pa3pacTUCh 3a CHET MOrOWEHNS BELLE -
CTBa — Kak NnpasBuo, 3TO ra3 cocenHel 3se3abl B BONHbIX 3BE3JHbLIX CUCTEMAX.

CTONKHOBEHME YepPHbIX AbIP C APYrMMK 3BE34aMM, a TakKe CTONIKHOBEHUE Hel-
TPOHHbLIX 3BE34, Bbi3biBalOLLLEe 0Opa30BaHME YEPHOW Ablpbl, NPUBOANT K MOLLHEN-
LeMy rpaBUTaLMOHHOMY N3JTYHEeHUIO, KOTOPOE, KaK 0OXWAAETCS, MOXHO BbyaeTt
obHapyxmBaTb B 6avxkaniume rogbl Npu NOMOLLM rpaBUTauMOHHbIX TeNieckonos. B
HacTosLLee BpeMS €CTb COOOLLLEHNS O HABNIOAEHNN CTOJIKHOBEHWUI B PEHTFEHOB-
CKOM [JumanasoHe.

CBepxmMacCHBHbIe YepHble Ablpbl MO COBPEMEHHbLIM NpeacTaBneHnsM obpa-
3y10T apa 60MbLWNHCTBA ranakTuk. B nx 4ncno BxoguTt 1 MacCUBHas YepHas abipa B
A4pe HaLlEen ranakTuku.
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B HacTosLLEe BpeMS CyLLECTBOBAHME YEPHbIX OblP 3BE3AHbIX U FranakTU4eCKnx
MacLwTaboB cuntTaeTcs 60NbLLUMHCTBOM YHEHbIX HAOEXHO A0Ka3aHHbIM aCTPOHOMMU-
4eCcKMMN HabNAEHNSMU.

MepBuYHbIE YepHble AbIpbl B HACTOALLEE BPEMS HOCAT CTaTyC rmMnoTe3bl.

Cuutaetcs, 4To cpasdy nocne bonbloro B3pbiBa BbiCOKas MIOTHOCTb MaTeEpPUN
Obina nosctoay. MoaTomy, ecnm cyulecTeoBanu gaxe HebonbLume GaykTyaumm NnoT-
HOCTW, TO B Ty 3MOXY OHM MO NPUBOOUTbL K POXAEHMIO YEPHbIX OblP 060
Macchbl, B TOM 4yncne n manoin. Ho camble ManeHbkmne N3 HUX B CUJ1y KBAHTOBbIX
3P deKTOB JOMKHBI OblIM UCNAPUTBLCS, NOTEPSIB CBOKO MACCy B BUAE N3JTYYEHUS U
NMOTOKOB YacTul,. CuntTaeTcs, 4TO «NepBUYHbIE YEPHbIE AbIpbl» C Maccol bonee 10
KI MO COXPaHUTLCA A0 Hawux gHen. Camble Menkue U3 HUX, maccoi 10" kr (kak y
HebOoNbLIOro acteponga), OOMKHbI UMeTb pa3mep nopsaka 107'° M (kak y npoToHa
W HENTPOHA).

KBaHTOBbIE (MMKPOCKONUYECKUE) YEePHbIE AbIPbI, KAK NPeanonaraeTcs,
MOTryT BO3HUKATb B Pe3ynbTaTe SAepHbIX peakumin. Ecnam kBaHTOBbIE OblPbl CyLLE-
CTBYIOT, BPEMS MX CYLLECTBOBAHUS KpaiHe Mano, 4TO OeNaeT UX HENOCPEeACTBEHHOE
oBHapyxXeHne o4eHb NPobaeMaTnYHbIM.

[nsa matemaTnyeckoro onmcaHms Takux o6beKTOB HEOOX0AMMa KBaHTOBaAs TEO-
puvs rpaByTaLmmn, KOTOPOK Noka He cywecTByeT. OgHaKo 13 06LWmMx COOBpaKeHU
YYEHbIE J0MYCKAIOT, YTO CNEKTP MACC YEPHbIX AblP AUCKPETEH U CYLLECTBYET MUHN-
MasibHas YyepHas Ablpa — niaHkoBckas YepHas abipa. C maccon nopsigka 10° T,
pagnycoMm — 10* M. KoMNTOHOBCKas AsIHA BOJIHbI MIAHKOBCKOM YEPHO Ablpbl N0
nopsaKy BENNYNHBI PaBHA €€ rpaBUTaLMOHHOMY paguycy.

MpepnonaraeTtcs, 4TO BCE «3N1eMEHTAPHbIE 0OBLEKTLI» MOXHO PasaenuTb Ha
3NeMeHTapHble YacTuLbl (MX OAMHA BOJHbI BOSbLLE UX FPaBUTALMOHHOIO paanyca) un
yepHble Abipbl (AJ1HA BOSIHbI MEHbLLE FPaBUTALMOHHOIO pagnyca).

lMnaHkoBckas YepHas aplpa ABASETCS NOrpaHNYHbIM OOBLEKTOM, OJ1 HEE MOXHO
BCTPETUTb HA3BAHNE MAaKCMMOH, YKa3blBalOLLLEE HA TO, YTO 3TO camas Tsxenas n3
BO3MOXHbIX 3/1IeEMEHTapHbIX YacTuLl,. [pyron nHorga ynotpebnsemsbin ons ee o603-
HaA4YEeHUS TEPMUH — MJIAHKEOH.

HakoHeu, cylecTByeT rmnoTeTnyeckass BO3MOXHOCTb POXAEHUS MUKPOCKONU-
YEeCKNX YEePHbIX OblP NPU B3aUMHbIX COYAAPEHUAX BbICTPbIX 3N1EMEHTAPHbIX HaCTULL.
TakoB OAMH N3 MPOrHO30B TEOPUM CTPYH — OOHOW U3 KOHKYPUPYIOLLIMX Cenyac
dU3NYECKMX TEOPUN CTPOEHNSA MaTEPUN.

Teopus CTPyH nNpeackasbiBaeT, YTO MPOCTPAHCTBO MMeeT 6onee Tpex namepe-
HUI. [paBuTaums, B OTINYME OT NPOYMX CUI1, AOJIKHA PACNPOCTPAHATLCHA MO BCEM
9TUM N3MEPEHUSM U MO3TOMY CYLLLECTBEHHO YCUIMBATLCH HA KOPOTKNX PaCCTOSA-
HusX. Mpy MOLLHOM CTONIKHOBEHUM ABYX YaCTUL, (HANpUMep, NPOTOHOB) OHU MOTYT
CXaTbCs 4OCTATOYHO CUJTbHO, YTOObLI poamniack MMKPOCKONMYeckas YepHas ablpa.
[Mocne aTOro oHa NOYTN MrHOBEHHO Pa3pyLUNTCS («McnapuTcs»), HO HabngeHve 3a
3TUM NPOLLECCOM NpeacTaBnsaeT ans Gusnkm 60bLION MHTEPEC, MOCKOJbKY, ncna-
psisick, Ablpa 6yaAeT UCnyckaTb BCe CYLLLECTBYIOLLME B NPUPOAE BUAbI HacTuy,. Ecnm
rmnoTesa TeopUM CTPYH BEPHA, TO POXOEHME TAKUX YEPHBIX AbIP MOXET MPOMCX0-
OUTb NMPY CTONKHOBEHUSIX 3HEPTINYHbIX YACTUL, KOCMUYECKUX JIy4en C aToMamMn 3eM-
Hol aTMocdephl, a Takxke B Hanbonee MOLLHbIX YCKOPUTENSIX 3/IEMEHTaPHbIX YacTu,.

CBoiicTBa YepHbIX AbIpP.

CuntaeTtcs, 4TO YepHble Ablpbl 06NafanT CNeayrLWMMmM OCHOBHBIMW CBON-
cTBamMu.

B6113u yepHoi Ablpbl BpEMS TEYET MEeAJIEHHEE, YHEM BAANM OT Hee.
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1. Ecnu yganeHHbln Habntogatenb 6pOCUT B CTOPOHY YHEPHOW AblPbl 3aXKXEH -
Hbl1 GOHapb, TO YBUAMUT, Kak OH OyaeT nagatb Bce ObiCTpee 1 ObiCTpee, HO 3aTeM,
npmbnmxaschb kK NoBepxHocTn LLBapuwmnnbaa, HA4YHET 3aMenNaTbCsl, a ero cBeT
OyneT TYCKHETb U KPaCHEeTb (MOCKONbKY 3aMeaInTcs TemMn konebaHns BCeX ero
aToMoB U Moniekyn). C ToYkM 3peHnst ganekoro Habnwgarens doHapb NpakTuye-
CKN OCTAHOBUTCSH U CTAHET HEBUOVIM, TaK U HE CYMEB Mepeceyb MOBEPXHOCTb Yep-
HOW Ablpbl. Ho ecnn 6bl HabNogaTenb cam NpbLIrHyN Tyaa BMecTe ¢ GoHapeMm, To
OH 3a KOpOTKOe BpeMs nepecek 6bl NOBEpPXHOCTb LUBapuwnnbaa n ynan K ueHTpy
YyepHOoW Ablpbl, Oyay4n Npy 3TOM pa3opBaH €e MOLHLIMW NMPUANBHLIMWU FrpaBMTa-
LMOHHBIMM CUIaMU, BO3HNKAIOLLVIMU N3-3a Pa3HULbI MPUTSXEHUS HA Pa3HbIX pac-
CTOSIHMSX OT LLeHTpa.

2. Mocne cxaTtns B 4epHYI0 AbIpy MoOOo 00BbEKT AN BHELLHEro Habnoaarens
onpenensieTcs BCero TpemMs napaMmeTpamMm: Maccoir, MOMEHTOM UMMybca (CBA3aH-
HbI C BPALLLEHNEM) 1 SNEKTPUHECKMM 3apsA0M, a BCE ero ocTasbHble 0COOEHHOCTHU
(popma, pacnpegeneHme NNOTHOCTU, XUMUYECKMIA COCTaB U T.4,.) B XOA4E Konnanca
«CTUPaKTCA».

B npouecce konnanca 3Be3apbl B HEPHYIO AbIPY 3a Masyio 4010 CEKYHAbI (MO
Yyacam ygasnieHHoro Habnogartens) Bce ee BHELUHUE 0COOEeHHOCTU, CBA3aHHbIe C
MCXOAHOW HEOAHOPOAHOCTbIO, U3JTY4alOTCH B BUAE rPAaBUTALMOHHDbIX U 3J1€K-
TPOMarHMTHbIX BosH. OOpa3oBaBLUasiCsa cTaumoHapHas YepHas abipa «3abbiBaeT»
BCO MHPOopPMaLMo 06 NCXOOHOM 3Be34e, KPOME TPEX BENINYNH: MOSIHON MaCChil,
MOMEHTa MMMybca (CBA3AHHOIO C BPALLEHMEM) U 3NIEKTPNYECKOro 3apsana. Usyuyaa
YEepHYIO AbIPY, Y)Ke€ HEBO3MOXXHO y3HaTb, COCTOSJIa JIu UCXOA4Has 3Be34a n3
BellecTBa WU aHTUBELLECTBA, Oblsia 1N OHA BbITAHYTOW UM CMJIIOCHYTOWM U
T.M. B peanbHbIx acTPOPU3NYECKNX YCIIOBUSX 3apskKeHHaa YepHasd abipa 6yaer
npuTarneaTb K cebe ns MexsBe3aHoi cpeabl YacTULbl MPOTUBONOJIOXKHOIO
3Haka, 1 ee 3apss ObICTPO CTAHET HyNeBbIM. OCTaBLUMNCA CTaUMOHAPHbI 00bLEKT
nnbo 6yaeT HeBpaLLaLLENCs «LWBapLLWLNIbAOBON YepHOM AblpOoii», KOTopas xapak-
TepusyeTcs TONbLKO Maccoi, NMbo BpallaloLLEencs «<KeppOBCKOM YEPHO AblPO»,
KOTOpasi xapakTepmnayeTcs MacCom 1 MOMEHTOM MMMyJbca.

3. Ecnn ncxogHoe Teno BpaLlanochb, TO BOKPYr YEPHO Ablpbl COXPaHAETCS
«BUXPEBOE» rPaBMTALMOHHOE MNOe, YBEKAIOLLLEE BCE COCEHME TENA BO BpaLla-
TENbHOE ABMXEHNE BOKPYI HEE.

OT10T 3 PeKT xapakTepeH He TOSIbKO A1 HEPHOM AbIpbl, HO AN Ntoboro Bpa-
watowerocs Tena, paxe ana 3emnu. No aToi NprMynHe pas3meLleHHbIN Ha NCKYC-
CTBEHHOM CMnyTHMKe 3emnm cBOOOAHO BpaLLaOLWLMACH TMMPOCKON UCMbITbIBAET Mea -
JIEHHYIO NPELLECCMIO OTHOCUTENBHO Aanekmx 3se3n. B6nnam 3emnu a1oT addexT
efBa 3aMeTeH, Ho BOIN3M YEPHOI Ablpbl OH BbipaXXeH ropa3ao CUSIbHee: Nno CKopo-
CTM1 NpPeLLeccnmr rmpockona MOXHO M3MEPUTb MOMEHT UMMYJbCa YEPHOW AblPbl, XOTH
cama OHa He BuaHa.

Yem 651mxe K rOpU30OHTY YEepPHOW Ablpbl, TEM CUJIbHEE CTAHOBUTCA
adpPeKT yBneveHns «<BuxpesbiMm nonem». NMpexae 4yem AOCTUYL FOPUIOHTA,
Mbl OKa)XX€MCS Ha MNOBEPXHOCTU, rae yBre4YeHne CTaHOBUTCH HAaCTONbKO
CUJIbHbIM, YTO HU OAUH HabnaaTeNb He MOXeT OCTaBaTbCH HENMOABUXXHBIM
(T. e. ObITb «CTAaTUYECKNM>») OTHOCUTENIbHO AaNeknx 3se3n. Ha aToil noBepxHo-
CTU (Ha3bIBaEMOW NPEeAesioM CTaTUHHOCTM) U BHYTPU HEe BCe 00beKTbl AOJIXKHbI
ABUraTbCs NO OpoUTEe BOKPYr YepHOI Ablpbl B TOM X€e HanpaBJieHuU, B
KOTOPOM BpallaeTcs cama gbipa. He3aBmcuMO OT TOro, Kakyto MOLWHOCTb pas-
BWBAIOT €ro peakTUBHbIE ABUraTenu, Habngarenb BHYTPU Npeaena ctTaTuyHOCTH
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HMKOrAa HE CMOXET OCTAaHOBUTb CBOE BpaLLLATENbHOE ABMXXEHNE OTHOCUTENBHO
Janekmx 3Be3ga.

Mpenen cTatTMYHOCTU BCIOAY NEXUT BHE FOPM30OHTA 1 COMPUKACAETCS C HUM
NNWb B ABYX TOYKax, TaM, rAe oHM 06a NepeceKkarTCsi C OCbio BPaLLLEHUS YEePHOA
Oblpbl. O6NacTb NPOCTPAHCTBA-BPEMEHMW, PACMONIOXKEHHAA MeXAy rOPU30HTOM U
npenenomM CTaTU4HOCTU, Ha3biBaeTca aprocdepoin. O6beKT, nonasLnii B 3procge-
Py, eLe MOXET BbIpBaTbCS HAPY>XXy. [M03TOMY, XOTS YEepHasa Ablpa «BCE CbedaeT u
HWUYEro He OTNycKkaeT», TeM He MeHee, BO3MOXEH OOMEH SHepruen Mmexay Hen n
BHELUHMM NPOCTPAHCTBOM. Hanpumep, nponeTtarwme 4epes aprochepy 4acTuupl
WM KBAHTbI MOIYT YHOCUTb SHEPIUIO €€ BPALLEHUS.

4. Bce BewWwecTBO BHYTPU rOPM30HTa COOLITUI YHEPHOW Oblpbl HEMPEMEHHO Naaa-
€T K ee LLEHTPY 1 06pasyeT CUHIYNSIPHOCTb C 6ECKOHEYHO BOJbLLION NOTHOCTLIO.

AHrnuncknii pmank CtneeH XoykKMHr onpenensieT CUHIyaspHOCTb Kak «<MecTo,
roe paspyLaeTcs knaccuyeckas KOHUENUUs NPpoOCTPaHCTBA U BPEMEHW Tak Xe, Kak 1
BCE N3BECTHbIE 3aKOHbI GU3NKM, MOCKOJIbKY BCE OHU GOPMYNNPYIOTCS HA OCHOBE
KJTACCUMYECKOro NPOCTPaHCTBA-BPEMEHN».

5. Cuutaetcs (C. XoykuHr, 1974 r.), 4To YepHble Ntobble Ablpbl (@ HE TOJIbKO Bpa-
LAIOLLMECS) MOTYT UCMYyCKaTb BELLLECTBO N N3NTyYEHME.

OpHako 3aMeTHO 3TO ByAeT NnLb B TOM Cllyyae, eC/iM Macca camomn Oplpbl
OTHOCUTENbHO HeBennka. MoLHOe rpaBUTauyOHHOE MoJie B6AM3KN YHepHOW Oblpbl
[OJIKHO poXaaTh Napbl YacTuua-aHTudacTuua. OgHa n3 yacTuu, Kaxkaon napbl
NnormoLaeTcs AbIPOon, a BTopasi UCMyCKaeTCs HapyXy. Hanpumep, yepHas gsipa ¢
maccon 10" kr ponxHa BecTn cebs kak Teno ¢ Temnepatypon 10" K, nanyyatouee
OYeHb XECTKME raMmma-KBaHTbl 1 YacTuupl. Maes 06 «<ucnapeHnm» YepHbIX Ablp NoJi-
HOCTbIO MPOTMBOPEYUT KITaCCMYECKOMY NPEACTABMNEHMIO O HMX KAk O Tenax, He Crno-
COOHbIX N3Ny4aTb.

6. Mpennonaraetcs, http://www.rian.ru/science/20080624/111949111.html
(24/06/2008), 4TO YepHbIe OblPbl OTHOCUTENIBHO Masio Macchkl MOryT paboTaTb
cBOeobOpa3HbIMM pabpukaMmmn aHTUMaTEPUN, NPEBPAaLLAIOLLIMMM NMoNagatoLwme Ha HUX
NMPOTOHbI B MOSUTPOHbI (AHTUYACTULbI 3IEKTPOHA).

HekoTopble y4eHble nonaratoT, 4TO TArOTEHNE YEPHOW AblPbl CUSTbHEE AENCTBYET
Ha NPOTOHbLI, YEM Ha 3NEKTPOHbI, Tak Kak Mx macca 6osblue. B pesynsrarte yepHas
Oblpa NnpuobpeTaeT NONIOXKUTENbHbLIN anekTpudeckuin 3apsg. MNMpu aTtom, ecnu macca
YepHOI Ablpbl OTHOCUTENIBHO Mana, 3NekTPUYEeCKOe NoJsie y roOpu3oHTa CoObITUM
MOXET AOCTUraTb KPUTUYECKMX 3HAYEHUI. N 9TO BeaeT K HecTabunbHOCTM Bakyyma
1 NOPOXAEHMIO Nap 3/1EKTPOH-MO3UTPOH. Tak Kak MO3MUTPOHbLI BbIOpachkiBaOTCH anek-
TPUYECKNM MOJIEM, a 3/IEKTPOHbI 3aXBaTbIBAKOTCS, YepHas Ablpa paboTaeT kak ¢pab-
pvika aHTUMaTepum, NpeobpasyoLast NPOTOHbI B @aHTUYACTULbl — NMO3UTPOHbI.
lMpegnonaraercs Takxke, 4TO MOIMyT CYLLECTBOBATb Y MEPBUYHBLIE YEPHbIE ObIPbI,
KOTOpble 06pa3oBasNCh He N3 3BE3[, a eLLe B Ha4aslbHble MOMEHTbI XXN3HU BceneH-
HOW N3 HEOAHOPOAHOCTEN MEPBUYHON MaATEPUN.

7. NpepnonaraeTcsl, 4TO YepPHbIE OblPbl HE MOTYT PACTU BECKOHEYHO,
http://www.rian.ru/science/20080912/151214150.html, 12/09/2008.

Ha ocHoBaHuu aHanu3a HabnogeHun B ontuye-
CKOM 1 PEHTIEHOBCKOM AMana3oHe, y4YeHbIMU cOoenaH
BbIBOJ,, YTO CBEPXMACCMUBHbIE YEPHbIE AbIPbl, KOTOPbIE
(no coBpemMeHHbIM NpeaCcTaBNEeHNAM) CYLWECTBYIOT B
LIEHTPE MOYTN BCEX ranakTuk, He MOryT pactn 6ecko-
He4yHo. OHK, nornowias Mexs3Be3aHbli ras, nbiib U
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cocefHue 3Be3Mbl, NEPECTAIOT YBENNYMBATLCS, JOCTUIHYB MaCChl, PaBHOM NpuMep-
Ho 10 munnnapaam macc ConHua, U He MOryT «nepepacTn» 3TOT Npeaern, He3aBnCcu-
MO OT TOro, raAe 1 koraa oHm obpasoBanucb. O6bACHEHME NpekpaLLeHns pocTa,
NpPeasyIo)KeHHOE YH4EHbIMW, COCTOUT B TOM, YTO YEPHbIE AblPbl B KOHLLE KOHLOB Ha4YK-
HaloT N3/y4aTb CTOJIbKO SHEPTnU, YTO OHN HAYNHAIOT «BbITAJIKUBATL» MEX3BE3AHbIN
ras u nbljlb U3 CBOUX OKPECTHOCTEN, NepekpbiBasg COOCTBEHHbIE «MCTOYHUKM CHAb-
XeHuns». ATO TakXke NPUBOAUT K TOMY, 4TO GOPMUPOBaHME 3BE3, B OKPECTHOCTSIX
YepHOI Ablpbl OCTaHaBNBAETCS.

Mowucku YepHbIX AbIp. PacyeTsbl B pamkax OTO yka3biBalOT NLLb HA BO3MOX-
HOCTb CYLLECTBOBaHMS YEPHbIX AblP, HO OTHIOOb HE [,0Ka3bIBAIOT UX HAINYUS B
peanbHOM MUpE.

[Monck n3onmMpoBaHHbIX YEPHbIX AblIP B KOCMOCE HEBEPOATHO TPYAEH: TpebyeTcs
3aMeTUTb ManeHbKUA TEMHbIN 0O0BEKT Ha POHE KOCMUYECKOM YEPHOTbI, HO MOXHO
0BOHapPYXNTb YEPHYIO ObIPY MO ee rpaBUTaLMOHHOMY B3aUMOOENCTBUIO C OKpYXato-
LWVMKW aCTPOHOMUWYECKUMIN TENTAMMU, MO €€ XxapakTePHOMY BAUSIHMIO Ha HUX. Mounck
YepHbIX AblP MO VX rPaBUTALMOHHOMY BO3OENCTBUIO U PEHTIEHOBCKOMY U3JTy4EHMIO
cynTaeTcs Hambonee NepcnekTUBHbIM.

Mocne 3anycka Ha OPOUTY PEHTreHOBCKUX TeJIeCKOMOB BbIACHUJIOCb, YTO
YyepHble Ablpbl aKTUBHO NPOABNAIOT ce0s B TECHbIX ABOMHbIX CUCTEMAX, rae
OHM OTOMpaIOT BELEeCcTBO Y coceaHel 38e3abl U NornoLwaloT ero, Harpeeasi npu
3TOM OO0 TeMNepaTypbl B MUIMOHbLI FPaZyCcoB 1 iefias ero Ha KOPOTKOe BPEMS
WCTOYHNKOM PEHTIEHOBCKOIro NU3JTy4eHus.

lMockonbKy B ABOMHOW CUCTEME YepHas Ablpa B Nape C HOpMasibHOM 3BE3A0M
obpallaeTcs BOKpyr obLLero LeHTpa Macchl, ucnonbadys adbdekt Jonnepa, yoaetcs
M3MEPUTb CKOPOCTb 3BE3Abl N ONPEAENNTb MAaCCy ee HEBUOMMOIo KOMMNaHbOHa.
ACTPOHOMBI BLISIBUSIN YK€ HECKOJIbKO AECSATKOB ABOMHbLIX CACTEM, IAEe Macca HEBU-
OMMOro KoMnaHboHa npeBocxoanT 3 macchl CoMHLA U 3aMETHbI XapaKTepHbIe NMpo-
ABNIEHNS1 aKTUBHOCTM BELLLECTBA, ABUXYLLErOCsl BOKPYr KOMMNAKTHOro 06bekTa,
HanpuMep, o4eHb ObICTPbIE KOIeOGaHNS APKOCTM NOTOKOB rOPsiYero rasa, CTpemMm-
TesIbHO BpPAaLLLAKLLEr0Cs BOKPYr HEBMOWUMOTO Tena.

OcobeHHO NepcneKTUBHOM CHMTAIOT PEHTIEHOBCKYIO ABOVHYO 3Be3ay V404
JNebeps, macca HEBUAMMOIO KOMIMOHEHTA KOTOPOI OLLEHNBAETCS HE MEHee, YeM B 6
macc ConHua. [pyrme kaHonaaThbl B YHepHbIE Oblpbl HAXOAATCS B ABOMHbLIX CUCTEMAX
Nebenpb X-1, LMC X-3, V616 EouHopora, QZ Jlucuyku, a Takxke B PEHTreHOBCKNX
HoBbIX 3MeeHocel, 1977, Myxa 1981 1 CkoprninoH 1994. MNMoyTn BCe OHM pacnonoxe-
Hbl B Npeaenax Hawen fanaktnkn, a cuctema LMC X-3 — B 6511M3K0IM K Ham ranaktum-
ke bonbwoe MarennaHoso O6nako.

[Monck YepHbIX AbIP B 9Apax ranakTuk Takxke OCYLLECTBASETCS NO UX rpaBuUTaLm-
OHHOMY MPUTSKEHUIO N N3NYYEHNIO. 10 MHEHMIO YHEHbIX, Y>KE NOJTyYeHbl BeCbMa
ybeanTenbHble Joka3aTenbCTBa TOro, YTO U B LEHTPE Hallen lanakTnku ectb YepHas
Oblpa ¢ Maccoi okono 2,5 MmnH. macc ConHua.

B appax ranakTuk ckanavuBaloTCa M YMNJIOTHAIOTCS OFPOMHbIE MaCCbl BELLLECTBA,
CTaJIKMBalOTCA U CNMBAOTCS 3BE3bl, MO3TOMY TaM MOTyT GOpPMMPOBATLCS CBEP-
XMaCCUBHbIE YEPHbIE Ablpbl, NpeBocxoasLume no macce CosHue B MUIIMOHBI pas.
OHun npuTarmBaloT K cebe oKpyxatoLme 38e3abl, CO30aBasi B LLEHTPE ranakTukm rnmk
apkocTn. OHM paspyLuaoT 651M3K0 noasieTarlme K HUM 3Be3bl, BELLLECTBO KOTOPbIX
0bpasyeT BOKPYr YEPHOW Ablpbl aKKPELMOHHbI ANCK 1 YaCTUYHO BbiOpachbiBaeTCs
BOOJIb OCK ANCKA B BUOE ObICTPbIX CTPYI U MOTOKOB YacTuL,. ITO HE yMO3pUTeNbHas
Teopwus, a NPOLIECChI, peasibHO HabloAaeMbIE B sApax HEKOTOPLIX ranakTuK 1 yka-
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3bIBAIOLLME HA MPUCYTCTBUE B HUX YEPHbIX AbIP C MacCamMm 00 HECKObKUX MUAnap-
nos macc ConHua.

M3yyaa pyHOamMeHTanbHbie CBOMCTBA MaTePUKU U MPOCTPAHCTBA-BPEMEHU, yye-
Hble (PU3MKU 1 KOCMOOIM) CYNTAIOT UCCEQOBAHNE HYEPHbIX AbIP OOHUM U3 BaXKHEN-
LINX HAaNpaBfiEHN, MOCKOJIbKY BOIN3M YEePHbIX Oblp NPOSBASIOTCS CKPbITbIE CBOW-
CTBa rpaBuTauunu.

3.1.6. Y10 Ham N3BeCTHO O CKPbITON Mmacce?

CoBcem HepgaBHO, B CaMOM KOHLLE MPOLUIOro Beka, ckpbitTas Macca BceneHHom
B y4eOHMKax 1 SHUMKIIONeansx onpenensnack Kak HEBUANMOE BELLECTBO, NPO-
apnsaolLee cebs No B3anMoaenCcTBUIO C BUOVIMbIM BELLLECTBOM MPU MOMOLLM CUJ
TaroteHums. Ceivyac cumTaeTcs, YTO CKpbITas Macca — 3TO Ta 4acTb MaTtepumn Bee-
JIEHHOW, KOTOPYIO HEBO3MOXHO 0OHAPYXUTb MO 3NEKTPOMArHUTHOMY U3JTYyHEHUIO.

Ho n nop nepBoe, 1 Nof BTOPOE onpeneneHne nonagaeTt u obbl4Has HECBETS -
Lasics MaTtepus, 1 TEMHas MaTepus, 1 Jaxe TEMHaa 3HEPrusl, Tak Kak HE TOJIbKO
NnepBylo, HO 1 ABE APYIrNX N0 3/IEKTPOMArHUTHOMY U3y4EHNIO OOHAPYXXUTb HE
YAaEeTCsl, a HalaeHbl OHM ObIIM UMEHHO MO rPaBUTALMOHHOMY BO3AENCTBMIO Ha
BUAMMOE BELLECTBO. HO 0 ABYX NOCNenHNX U3BECTHO OYEHb 1 O4EHb Maso, MO3TOMY
YTBEPXAATb, YTO UX OFPOMHbIE «TEMHbIE CUJTbI» CBA3aHbl MUMEHHO CO CKPbIBAEMOW
VMW TLWATENIbHO MaCCO, HET HUKAKOro 0COB0ro OCHOBaHUS, @ MO3TOMY HET U OCHO-
BaHUSA MPUYNCIIATb UX K CKPbITOM Macce.

Ho ecnu NnoHATWE CKPLITON MacChbl OrpaHNYNTb KOCMUYECKUMN 0ObeKTaMu,
Macca KoTopbix 06pa3oBaHa 00bI4HLIM, HO HECBETALLMMCS, BELLLECTBOM, CKPbITbIM
Nno 9TOW NPUYNHE OT HENOCPEACTBEHHOIO HABNOAEHMS, TO Takue 0OBbEKTHI YXe
0OHapyXeHbl M0 3aTEHEHMIO UMW OPYInX, CBETALMNXCSA 0ObEKTOB, KOTOPbIE OKa3blBA-
I0TCS Ha IMHUM HabNOeHWs, HO No3aan HecBeTAwmxcs. K ckpbITol Macce MOXHO
Takke OTHeCTU HecBeTsAwmecs (Mnm cnabo CBeTALMECS) U MO 3TOW NPUYMHE HELO-
CTyMHbIE (M NOYTU HEAOCTYMNHbIE) AN HENOCPEACTBEHHOrO HabNaeHNs coBpe-
MEHHbIMU CPeACTBaMM CTPYKTYPbI, HANPUMEP, rad U KOCMUYECKYIO «Mblfb», BKJOYAS
MaJsible KOCMUYECKME Tena, actepounanl U T. M., KOTOPbIE, OAHAKO, NMPaKTUYECKN
HEBO3MOXHO 0OHaPYXWUTb M MO 3aTeHeHno. W Takyto CKpbITYyiO Maccy BpeMs OT Bpe-
MeHW oTKpbiBaloT. Hanpumep, B cepeguHe 2008 roga nosiBUNoCh COOBLLEHNE, YTO
ACTPOHOMbI HALLIM OYEPELHYIO YaCTb CKPbITOM Macchl BceneHHoM B Buae paspe-
>KEHHOro ropsiyero rasa,

http://news.yandex.ru/yandsearch-cl4url=www.vz.ru/news/2008/5/7/
166075.html&country=Russia&cat=3281.

OpHako cunTaeTcs 4oKasaHHbIM, YTO HY)XKHOro Konndectea GapuOHHONM maTe-
pun, Heobxogumoii ans 6anaHca BceneHHol, cywecTBoBaTb He MOXeT. [loaTomMy
y4eHble CTann UCKaTb YTO-TO APYroe, U TO, 4TO OHW HaLNK, BbIIO Ha3BaHO UMU TEM-
HO MaTepuen.

3.1.7. YTo Ham n3BecTHO O TeMHoV matepun?

Mo noBogy TEMHOM Marepumn, O CyLLLECTBOBAHUM KOTOPOW Ha4aIm roBOpuUTh
elle B TpmMaLaThbix rogax NpoLwioro Beka, a 0bHapyXnnm B CEeMUAECATLIX, BCE BPEMS
BELYTCH OXXECTOYEHHbIE Hay4YHbIE€ Cropbl. HO noan, nanekue 0T KOCMOMOru, BKIIIO-
yas aBTOpa AaHHOW paboThbl, y3HaNIM O Hel TONbKO B camMble NOCNeOHVe rogpl.

Ceityac TeMHOW MaTepUEN, Yalle BCEro, Ha3bliBaloT HEBUANMYIO CyOCTaHUMIO,
KOTOpasi HE U3Ny4aeT (Un NOYTU HE N3NYYAET) 3NIEKTPOMArHUTHBIX BOJIH U MO3TOMY
He nogaaeTcs NPSMOMY HabIOAEHVIO COBPEMEHHBLIMU NMPNBopamMm, HO MOXET ObliTb
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obHapyxeHa no ee rpaBUTaLMOHHOMY BO3AENCTBMIO HA KOCMUYECKME 0OBEKTLI U
CBeT. OTO onpeaeneHne TEMHOM maTepun coBMellaeT B cebe ob6a onpeneneHns
CKPbITO MacChbl, HO CTaBUTb MeXAy HUMW 3HaK PaBEHCTBA HeJb3sl, Tak Kak HEN3-
BECTHO, MAcCOW U1 YeM-TO APYrM BbI3BAHO €€ BO3OENCTBNE HA KOCMMYECKNEe
06bekTbl. OnpeaeneHme TEMHOM MacChl NOAXOOUT U K TEMHOM 3HEPIN, O KOTOPOM
nogpobHee OyOeT cka3aHo HUXE.

B panbHenwem, 4Tobbl UCKITIOHYNTL TEPMUHOJIOMMYECKYIO NMYTaHULY, Mo, CKPbl-
TOW MmaTepuern B gaHHoW paboTe OyaeT noapasymeBaThCs elle HeoOHapyXXeHHOE,
T. €. CKpbITOE, 00bI4HOE BEeLLEeCTBO (6apruoHHaa MaTepus), a nog TEMHON MaTepuei
BCE TO, 4TO NOAXOANT NoA, NPMBEAEHHOE BhLILLE €€ ONpeneneHne, NCKYas Bce
00bl4yHOE BeLEeCTBO (CBeTsLeecs, cnabo CBETSALEEeCcs U HECBETALLEECS) U TEMHYIO
3Hepruto.

Ceityac cunmTaeTcs 04EBMOHLIM, YTO TEMHAs MaTepus, co3gaBasl rpaBUTaLMOH-
Hoe none, Ao/ixHa obnagaTb U HEOOXOAMMOWM ANt 9TOr0 MacCoW, HO 3Ta Macca He
MOXET ObITb 6HaproHaAMU.

HekoTopble y4eHble nonaratoT, 4TO TEMHas MaTepus obpa3oBaHa rmnoTeTnye-
CKMMM cnaboB3anMOAENCTBYOLWNMN 3/IEMEHTAPHLIMU, HO O4EHb TSXKESbIMU, YacTU -
Lamu, KOTOpPble HEBUAMMbI /11 SNEKTPOMArHUTHOIrO N3nyYeHust. Takme Yactuupl (X
MHOr4A Ha3blBAKOT «BUMIM») YCUIIEHHO ULLYT, HO HNYEro NOXOXero HaTu noka He
cmornu, http://www.epochtimes.ru/content/view/15601/5/.

YyeHble yoexaeHsbl, YTO HEN3BECTHas TeMHas MaTepus nNpuH1UMana (M NpuHn-
MaeT) y4actme B GOpMMPOBAHNM 1 B3aUMOOENCTBMN BCEX KOCMUYECKNX CTPYKTYP.

Cuutaetcs, 4To 6narogapst rpaBUTaALMOHHBIM CBOMCTBAM TEMHOW MaTtepumn
ranakTukn NoaaepXmMBatoT CBOO GOpMy 1M HE pacnafaloTcs Ha YacTu.

CuutaeTtcs, 4To ranakTukm 06pasytoTCs UMEHHO B 061aCTAX C NMOBbLILLIEHHOWN
MIOTHOCTbLIO TEMHO MaTepumn, a cama TeMHasi MaTepusl, OTAEbHO OT rafakTuk, B
KOCMOCe He BCTpeyaeTcs.

C HepaBHEro BPEMEHU CHMTAETCS, YTO TEMHAs MaTepmst MOXET He TOJIbKO pac-
XOAUTBCS MO ranakTuke Kpyramm, HO M KOHLEHTPUPOBATLCS B LEHTPE.

Cuutaetcs, 4To TeMHasa MmaTepus, GOpPMUPYS CKOMJIEHUS, A0/KHA 06Pa30BbI-
BaTb HEOQHOPOAHOCTM (OrPOMHbIE rPaBUTALUMOHHBIE SIMbI), B KOTOPbIE NPOBaINBAET-
cs1 6apnoHHOE BELLECTBO, MOTOM OHO Ha4YMHAET CBETUTLCS, U Mbl BUOVM FranakTuUKu.

OpHako n3BecTHble (NepevncneHHble) CBOMCTBa TEMHOW MaTepun, eC/ii OHa U
CYLLECTBYET, HE MOryT OOBSACHUTbL HANIMYME aHTUIPABUTALMOHHbLIX CUJ1, KOTOPbIE
Obl 0OHapPYXeHbl COBCEM HEAABHO. U B CBA3M C 9TM ObIfIO BBEAEHO €LLE 0OHO
MOHATUE: TEMHAs BHEPrus.

3.1.8. Y10 HaMm N3BEeCTHO O TeMHoOW a3Heprun?

TemHas aHeprus 6bina o6Hapy)eHa No pa3deraHunto rafakTuk, KOTopble YCKopsi-
IoTCa nnn 3P PEKTUBHO pacTaNKMBAKTCS KAKON-TO SHEPIMEN, T. €. KaKme-TO CUNbI
YBENIMYMBAIOT CKOPOCTb U PACTAIKMBAIOT BELLLECTBO, MNPUYEM CKOPOCTb €ro pacLum-
PEHUNS YBENMYMBAETCS U YBENYNBAETCH.

CuuTaeTtcs, 4To TEMHas 3HEPrus pacrnpenesneHa 04eHb paBHOMEPHO (ee NnoT-
HOCTb OT MECTa K MECTY HE MBMEHSIETCS ), UMEET HN3KYIO MNOTHOCTb U HE B3aNMO-
OENCTBYET (NO KparHen Mepe, 3aMeTHO) NOCPEACTBOM N3BECTHbIX GyHOAMEHTANb-
HbIX B3aMMOOENCTBUM, NCKJTIOHAs rpaBuTaLmio.

CuntaeTtcs, 4TO TEMHas SHeprus — 31O ChNa, NPOHUKAIOLLLAS BCIOAY, KOTOpas He
CBSAI3aHa HW C 0ObIMHBIM BELLLECTBOM, HM C TEMHOWN MaTepueit, HO MOXET BbICTYNaTb Kak
B BUAE NPUTSXEHMUS (rpaBmuTaummn), Tak U B BUAE OTTAIKMBAHUS (aHTUrpaBmTaLmm).
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B co3paHnu aHTMrpaBnTaumoHHOro addpekTa, Bbi3biBaOLLLErO BHOBb YCKOPEH-
Hoe paclumpeHmne BceneHHoM, kak 3TO ObINO B 3MOXY €€ POXAEHMUS, 1 3aKloHaeTcs
OCHOBHOE CBOWCTBO TEMHOIA 3HEPIrM, OTAMYAIOLLEN ee OT TeMHOI maTtepumn. OTKpbI-
TVE aHTMIPaBUTaALMOHHOIO addekTa KOCBEHHO NOATBEPAWIIO CYLLLECTBOBAHME CTa-
AN YCKOPEHHOIO PaCLUMPEHNS B MPOLLIOM.

CuuTaeTcs, 4TO BCEMUPHOE aHTUTATOTEHNE — 3TO HOBbIN GU3NYECKNIA DEHO-
MeH, HablgaeMblli CerogHs Ha PacCTosSIHUAX B 5...8 Mipa,. CBETOBbLIX JIET, KOTOPbLIN
nposiBnsieT cebs kak KOCMMYeckoe oTTalkKuBaHne, UCMNbITbiIBAEMOE AaNeknMm ranak-
TKamMu, npuyem 6onee CUIbHOE, YEM UX FPaBUTALMOHHOE MPUTSXEHWE APYT K
APYry, 4TO 1 BbI3blBAET PaCLUMPEHME C YCKOPEHNEM.

CuuTaeTcs, 4TO aHTUTAroTEHME CO3[aeTCsA He ranakTukaMmm Unn KakMumm-nmnoo
ApyrvumMm TenamMmm Nnpmpoapl, a He N3BECTHOM paHee GOpMO 3HEPrmM/Maccehl, U
NOJy4YMBLLEN HA3BAHNE TEMHOW SHEPrN. Ha MakpOCKONMMYECKOM YPOBHE TEMHAsA
3HEeprvs onucbIBaeTcs kak 0coboro poga HenpepbiBHas cpena, 3anoiHatoLLas Bce
NPOCTPaHCTBO MMpa. 3Ta cpena obnagaeT NonoXNTENbHOM MIOTHOCTLIO N OTpULLa-
TeNbHbIM OABJIEHNEM.

O6HapyxeHo Takxe (http://lenta.ru/world/2002/11/12/darkforces/), 4to Tem-
Has 9Heprus, 3acTaBnsasa BceneHHyo paclumpsaTbCs CO BCE BO3pacTaloLWen CKOpo-
CTblO, UICKPUBNSIET CBET KBA3apPOB B ABa pa3a CUJlbHee, 4eM ecnim Obl 3TO UCKpUBIEe-
H1e 6bI10 BbI3BAHO JIMLLb FPaBUTaLMEN BUOVMOI U TEMHOM MaTepuii.

CuuTaeTtcs, 4To BIMSTHNE TEMHOI SHEPIUM MPOSBASETCS NNLIb HA 04eHb 60Jb-
LIMX PACCTOSHUSIX.

duanyeckasa npnpoaa TEMHO SHEPTUM U ee MUKPOCKONM4Yeckas CTpykTypa
HEeN3BECTHbl — 3TO OAHA U3 CaMblX OCTPLIX Npobaem GyHOAMEHTaNIbHOW Haykn
HalnX OHEMn.

Ho cuuTaeTca coBepleHHO 04EBMAHBIM, 4TO NPMPOAA TEMHON 3HEPrumn (Kak,
BNPOYEM, N TEMHOI MaTEPUM, U CKPbITOW MAcChbl) HANPAMYIO CBA3aHa C rpaBuTaLm-
el (BepHee C cunamu NPUTSXKEHUS 1 OTTaIKUBaHUS), NOBEAEHME KOTOPO XOTS U
6oNee n3y4eHo, HO 4O CUX NOP HUKOMY HE U3BECTHO, YTO e OHa cobol npeacTa-
BNSET.

3.1.9. Yro Ham n3BecTHO o rpasutaynn?

M3BECTHO, 4TO eCTb HEKME CUIbl, MPUTSArMBatoLLmMe nnaHeTsbl K ConHuy, a 38e3pl
— K LLEHTPY ranakTuk, He oTnyckasi ux B CBOOOAHbI MONET. TU CUibl Ha3BaHbI rpa-
BUTALMOHHbLIMW.

Ho Hapsay ¢ HUMK UMEKTCS paBHbIE UM (MW MOYTM PaBHbIE) NMPOTUBOAEN -
CTBYIOLLME CWUJIbI, KOTOPLIE HEe NO3BONAT COMHLY NOMMOTUTL CBOM NAIAHETHLI, a AAPY
ranakTuk — CBOW 3Be3[bl. ITU CUJIbl HA3bIBAKOTCS LEHTPOOEXHLIMU, @ BO3HUKAIOT
OHU 3a CYEeT OpOUTANBHOIO ABUXEHUS TEN («XOYELUb XNUTb — YMel BepTeTbes»). Ho
KakMm 06pasoM KOCMMYECKUM TenliaM Bblfio NpuaaHo n3HavyanbHO BpallaTesibHoe
OBUXeHNe, obecrnevynBaroLLLee MM AOJTYI0 XN3Hb, TOYHOIO OOBbSACHEHMS NOKa HeT.

Cuutaetcs, 4To 6narogapst 6anaHcy rpaBUTaALMOHHBIX N LEHTPOOEXHbIX CUN
rpaBUTALMOHHO-CBSA3aHHbIE CUCTEMbI MOTYT CYLLLECTBOBaTb CTAOUNBLHO 1 AOJIO.

Cuntaetcs, 4TO rpaBUTALMOHHLIMU CBOMCTBaMu obnanaeT ntoboe Tesno BHe
3aBUCUMOCTU OT Hanuumns 1 3Haka 3apsga. OHo (Teno) kak 6bl UIBMEHSIET OKPYXKalo-
LLee NpPoCTPaHCTBO, CO342ET B HEM rPaBUTALLMOHHOE MOJIE 1 NPU €ro NOMOLLM B3au-
MOZENCTBYET C APYrnMU Tenamu.

MonaraloT, 4TO rpaBUTALMOHHBIE CUJIbl — 3TO TOJIBKO CUJIbl MPUTSXEHUS (TSAro-
TEHUs), NPUYEM KOPOTKOOENCTBYIOLLME.
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MonaratoT Takxe, 4TO CYLLECTBYIOT FPaBUTALMOHHBIE BOJIHbI U FPABUTOHbI —
KBaHTbl rpaBMTaLnKM, HO OHM, HECMOTPS Ha BCe Npunaraemble ycunusl, He obHapyxe-
Hbl.

M3BeCcTHO, 4TO rpaBUTaLMOHHOE MoJie 3eMn He Be34e 0AMHAKOBO M 3aBUCUT OT
cocTtaBa nopoa, 1 GopMbl 3€MHOM KOPbI, Tak Kak KPYNHOE PyaHOE TENO 1iv ropHas
Lenb OTKJIOHAOT IMHNIO OTBECA OT LeHTpa 3emn.

M3BECTHBI KOCMNYECKNE MPABUTALVOHHbIE IMH3bI, KOTOPbLIE CBOUM MOJIEM TArO-
TEHUS UICKPUBNSIOT CBETOBbLIE Ny4n, Npoxoasiine B6In3nm nnm CKBO3b HUX.

CuuTaeTtcs, 4To rpaBUTaLMOHHOE B3aUMOAENCTBME CBOOUTCS TOJIbKO K B3anUM-
HOMY NPUTSXKEHNIO MACCUBHbIX TEJ, a «FPaBUTaALMOHHOIO OTTaNKMBaHUSA» Tesl BOOD-
e He cyuwlecTByeT. Ho nctuHHas npupoga rpaBmrauvm noka HEM3BECTHA HM KOCMO-
noram, HU GU3nNKam.

paBUTALMOHHOE B3aMOAENCTBME ABNSETCS Hanbonee 3arago4yHbiM U3 YeTbl-
pex pyHOaMeHTasIbHbIX B3aMMOOENCTBUIM, Tak Kak y>Ke no4Tu paspaboTaHa eguHas
Teopusi cnaboro v 9N1eKTPOMarHMTHOro B3aMMOoOenCTBUS, CYLLLECTBYIOT MOAENN,
BKJTIOHAIOLLIME B 3TY CXEMY U CUJIbHOE B3aMMOLENCTBUE, HO rpaBUTaLlMOHHOE B3au-
MOLENCTBUE HMKAK HE YKNaAblBAETCS B 3Ty OBOLLYIO CXEMY «BEJIMKOr0 00 beaMHEHNSI».

TaliHa rpaBuUTaumnmn, KOTOPYLO Noka 6e3ycneLlHo NbiTaeTcsa pasragartb MHOXe-
CTBO Y4Y€HbIX, MOXET ObITb PACCMOTPEHA, 8, BOBMOXHO, U peLleHa, eCnv K rpaBuTa-
UMK, Kak 310 NnpepnoxeHo B [1] v [5], nogonTn ¢ Nno3nummn aHTEHH.

3.2. HoBbiii B3rnaa Ha «4epHble» U «TeMHbIe» CUJ1bl BceneHHOo

3.2.1. «bonbLuoii B3pbIB» KakK N3slydeHune nepenaroLleii aHTeHHbl

Ecnu nocMoTpeTb Ha rmnoTedy «00JbLIOoro B3pbiBa» N0 aHaNornmm ¢ N3nydYyeHnem
3NEeKTPOMAarHMTHOro Nos NepejaoLlen ctaHumnein, 06opyaoBaHHON aHTEHHOW,
nMetoLLLel 60nbLIoN KOADDULIMEHT YCUIEHUS, T.€. MHOrONENECTKOBYIO AnarpaMmmy
HanpaBIEHHOCTU, TO MEXAY HAMU MOXHO HanTn MHoro obuwero [1], [5].

HavanbHyto dasdy agonounm BceneHHom MOXHO paccMaTpmBaTth Kak BbICOKO-
TEMNEPATYPHYIO Na3mMy BHYTPU KOHLEHTpaTOpPa 3HEPrum, Tak Kak rnoaaraoT, 4To B
3TOT Nepuop, BeceneHHas 6bina HENpPo3payHom A 31eKTPOMarHUTHOrO U3Ny4eHns
(3aMKHYThIV pE30HATOP MM KOHUEHTPATOP).

AHanorom ¢dasbl, korga BceneHHaa paclumpsnach C YCKOPEHUEM, @ SHEPIUs B
eanHuLe ob6bemMa ocTaBanacb NOCTOSIHHOM, MOXHO CYMTaTb pacnpoCTpaHeHne
3HEPrum OT KOHLIEHTPATOopa K aHTEHHE MO 3Heproeoay. Ha aTom aTane ABMXeHne
(«paclumpeHune») aHeprun BHyTpU SHEProeoaa NpoMcxXoauT npakTnyieckn 6es name-
HEHWS ee NJIOTHOCTM B eAMHuLEe o6bema.

AHanorom ¢dasbl, korga Temneparypa BceneHHom noHn3mnace, a BELWECTBO
paccesnochk NOYTU PaBHOMEPHO, MOXHO cunTaTb 06pasoBaHne CBOOOOHbLIX BOSH U
CO3[4aHKNE MOYTM PABHOMEPHOIO UM NIAaBHO MEHSIIOLLLErOCA pacnpefeneHms B Tak
Ha3bIBaeMOWM BIMKHE 30HE aHTEHHDI.

AHanorom «poXxaeHus» 4acTuy, MmaTepmn B TOM BUAE, B KAKOM Mbl X BUOUM
cenyac, BbI3BaHHOE, KaK CYUTAIOT, «pacnagomM» rmnoTETMYECKOro NoJs, U NOCnenyio-
LLEro («Mo MHepuum») pacumpeHns BceneHHom, MOXHO CYMTaTh «pacnag» N3ny4eH-
HOW aHTEHHOW SHEPIrMn B NPOMEXYTOYHOW 30HE HA OTAENbHbIE «JIENECTKM», B COOT-
BeTCTBUM C ee [IH n panbHenwee ee «paclumpeHne» B ganbHen 30He. Takoe «pac-
LINPEHME» SHEPTUN, N3JTYHEHHOI 0ObIYHOW aHTEHHOW, TakKe NPOUCXOAMNT MO «MHEp-
uMm» 1 (ecnun Ha NyTn pacnpocTpaHeHUs 4YacTuL,-BOJIH HET NPenaTcTBMin) 6e3
M3MEHEHNS KoinyecTea U GopMbl NIENECTKOB, a HAGNOAAETCS NNLLbL YBENTMYEHNE
3aHMMaeMOro M1 o6bemMa 1 yMeHbLLEHME MOTHOCTU 3aKJIIOHEHHOM B HUX 3HEPTUN.
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Mpwn aTomM HabNOAAETCA OCBELLEHHBIE N 3aTEHEHHbIE 061acTu. NepBble COOTBET-
CTBYIOT nienecTtkam [1H, HanOMHEHHbIM 3HEPIUEN, a BTOPbIE — «MPOBasaM» Mexay
HUMU. N ecnn cMOTpPeETb Ha Takyto [IH co cTopoHbl HabnoaaTens , pacnosioXXeHHOro
Ha HanNpaBfIEHUM €€ OCHOBHOIO ABWXEHUS (HA OCU IMaBHOro IENecTka), TO MOXHO
YBUOETb PACXOASALLMECS KPYIM KaK OT BPOLLIEHHOMO B BOAY KaMHSI.

Mpwn na3ny4yeHnm sHeprum 0ObIYHOM aHTEHHOM, UMEETCS N3NyYaloLLNi SHEPT o
LIEHTP, KOTOPOro Yy paclumpsiolleiics BceneHHon He 0bHapyXeHo (Mnn noka He
obHapyxeHo). Ho aTo cnpaBeannBo nvLb TOraa, Korga npu «paclunMpeHmm» He BO3-
HUKAET «3aBUXPEHNM» SHEPTUU U HA MYTU €€ PacnpOCTPaHEHUsS OTCYTCTBYIOT «Mpe-
NATCTBMS», CNOCOOHbLIE CTaTb UCTOYHUKOM HOBbIX OTPaXEHHbIX U AU PaKLMOHHbIX
BOJIH U/IX BbI3BATb UX NPenomMeHne. Ecnuv xe nany4eHune npetepneno MHOXECTBO
B3aVIMOAENCTBUIN, TO HANTN €ro €aMHbIN NePBUYHbIA MCTOYHNK NPAKTUYECKU HEBO3-
MOXHO, a HabnoaaTento, HaxoaALEMYCS B LLEHTPE N-F0 UCTOYHNKA, AOJIKHO Ka3aTb-
CSl, 4TO 3TO U €CTb MEPBUYHbIN UCTOYHUK — LIEHTP («nyn») MuposagaHus.

Ecnn BCce 310 Tak, TO OCTAeTCs OTKPbITbIM BOMPOC, YTO XE CYyLLLEeCTBOBAO 40
Havana pacwmpenusa BeceneHHon. Bo3MOXHO, 4TO paclunpeHne BceneHHom nponso-
LU0 U3 TOM «TOYKM», B KOTOPYIO OHA «CXanacb» B NPeAbIAYLLEM NOYNepPnoae CBOeEM
«KU3HW>.

Ecnn BceneHHyto (1 BCe 9neMeHThbl ee COCTaBNsloLWLmME) paccMaTpmBaTh Kak
Habop NpnemMo-nepenaoLLmMx CUCTEM PA3HOIo B1Aa 1 pasaMepa, OCYLLECTBSIOLMX
nepegavyy SHepruv OT OQHOM aHTEHHbI (NepepatoLwent) K Apyron (IPUMEMHON) N T. 4.,
TO 32 UCNyCcKaHMeM OJ/HKHO NOCNeaoBaTh NOroweHme (3a pacluMpeHneEM — Cxa-
Tne, 3a «pacrbllIeHNEM» — KOHUEHTPaLUuMS), a 3a NOroLeHEM — CHOBa MUCNyCKa-
HUe (ncnapeHne) unm (NPr YPE3MEPHOM KOHLLEHTPALMK) — o4epeaHon bonbLuon
B3pbIB. N 3TO AOMKHO NOBTOPSATLCS CHOBA U CHOBA.

Ho kak xe npoucxoanTt cxatme? ObHapyxXeHue Ha kpato BceneHHo 06bekToB,
OBVXXYLLIMXCS C YCKOPEHMEM, MOXET 03Ha4aTb, 4TO OHU nonanu B 30Hy AENCTBUS
HEKOW NMpUemMHON aHTEeHHbI, CMOCOOHOM MOrNOTUTb WX MOJIHOCTbIO (UM YaCTUYHO), a
NnO3TOMY NOA, AENCTBUEM CUJTbl TATOTEHUS 9TON @HTEHHbI OHU HE TOJIbKO MOTYT, HO U
[OJKHBI ABUFATbCA C YCKOPEHUEM. M TONTbKO MOTOM CKOHLEHTPUPOBATLCS B €€
dokyce B Ty «TO4YKY», KOTOpas BMNOCAEACTBMMU MOXET CO B3PbIBOM (L1511 6€3 OHOro)
«npeobpasnTbCs» B O4EPEeOHYI0 NEPeaatoLLyio aHTEHHY.

MMnotesa: Hawa BceneHHas npeacraensaeT cob60ii BELWEeCTBEHHO-
nosieBoe 3aHepreTnyeckoe obpasoBaHue, NOA00HOE 3JIEKTPOMArHUTHOMY
nonio, cbopMmupoBaHHOEe B COOTBETCTBUM C AarpamMmmMoi HanpaBJIEHHOCTU
HeKOW nepepaloLwiein aHTeHHbl, KoTopasa ero usnyumna 15 — 20 mnpa. nert
ToMy Ha3an,. OcHoBHble ¢da3bl pacwumpsaowerica BceneHHol cOOTBeTCTBY-
10T Ppa3e KOHUEHTPauum 3Heprum AaHHOro NnoJis B HEKOM 3aMKHYTOM pe30-
HaTope, ABMXEHUIO €e N0 HEKMM 3HEeproBoaam B BUAE CBA3aHHbIX BOJIH,
npeo6pasoBaHUIO CBA3aHHbIX BOJIH B CBOGOAHbIE BOJIHbI, 3aMOJIHAIOLNE
ONIVXXHIOKO 30HY, M NocJieayloLlee UX U3siy4eHue Nno uHepummn B oobnacrtb
AaJNibHei 30Hbl, rAe HEKOTOopble ee 00bEKTbI, MOMNaB B 30HY AeliCTBUSA HEKOW
NMPUEMHON aHTEHHbI, YK€ Ha4yaJim ABUraTtbCsH C YCKOPEHUEM, NPeXae 4Yem
CKOHLUEeHTpupoBaTbCa B ee poKyce.

PaccMOTpEHHbIN BbilLE MEXaHN3M PACMbIIEHNS U KOHUEHTPALMW SHEPTUN NO
aHanorum ¢ nepeaarLmMmMm 1 NPUeMHbIMU aHTEHHaAMM B NEPBOM NPUBMXKEHUN
XOPOLLIO CornacyeTcs C y>e U3BECTHbIMU 3HaHMsIMU 0 BceneHHoii. OH ykas3biBaeT 1
Ha TO, 4TO Hanbonee BEPOATHOW ABNSETCA rMnoTesa O NynbCUpyloLLel BceneHHoM.
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3.2.2. MNpaBuTaumnsa nnun «4epHbie» N «TeMHbIe» CUJIbl BceneHHol

YepHble aplpbl MOryT OblTb HEBUANMbBIMW /151 HAC @HTEHHAMM, paboTaloLwmMm, B
OCHOBHOM, B pexumMe npmema 1 cnocobHbIMM KOHLLEHTPUPOBATL B CBOEM (OKyCe
CrYCTKWN 3HEPrnN 04eHb BOJbLUON NMAOTHOCTU, T. €. POXOAaTh HOBbIE 3BE3bl, HTO U
NOATBEPXAAETCS NOCNEAHUMWN UCCNenoBaHNAMN. A TO N3NTy4eHUEe, KOTOPOE Mbl
MOXEM OT YepPHbIX Oblp MPUHMMATb, 3TO BCEro NNLLb «N0O0YHbIE» 9D PEKTbI, CBOErO
poja «napasnTHble» U3y4eHns, Nogo0OHbIE TEM, KOTOPbIE BOSHUKAIOT B (POKaSIbHOM
061acTu NPMEMHbIX 3epKasibHbIX aHTEHH, CO3JaHHbIX YEIOBEKOM.

«[Mapa3uTHble» N3ny4eHns cBA3aHbl 0ObIYHO C Npeobpa3oBaHMEM YacTN NPUHS-
TOW @aHTEHHOW 3HEPIrNN HU3KOYACTOTHbLIX Anana3oHOB B SHEPIruto 60siee BbICOKOYa-
CTOTHbIX Anana3oHOB, HAaNpUMep B YaCTWULbI-BOJIHbI TEMJIOBOIO U CBETOBOIo Avana-
30Ha, U UX Nocneaywmnm nanydeHnem. NMoatomy YepHas abipa (No aHanormm ¢ npu-
€MHOWN aHTEHHOW) He TOJNIbKO MOXET, HO U A0JIXHA HE TONbKO NOMOoLWaTh SHEPIMIO,
HO YacTb NOMNOLEHHON 3HEPIUM N3ny4aThb. 10 3TOMY N3NYHEHUIO YEPHYIO AbIPY, Kak,
BMPOYEM, 1 MPUEMHYIO QHTEHHY, MOXHO 0OHAPYXUTb, HECMOTPS HA TO, YTO CaMO
TeN0 aHTEHHbI HE «CBETUTCS» HXU B OAHOM M3 OCBOEHHbIX YE/IOBEKOM AMana30HOB.

To, 4TO YepHas Ablpa MOXET paccMaTpPMBaTbCS Kak aHTeHHa, paboTatoLas B
pexumMe npuema, crneayeT n3 NPMBEAEHHOrO Bbille (0OLLENPUHATOro Ha CerogHs)
nonynsipHOro onucaHns ee «paboTbl», MPAKTUYECKN HAYEM HE OT/INYALOLLLErOCS OT
onncaHns paboTbl aHAIOMMYHOM aHTeHHbI, paboTatoLen Ha BpallaloLwenca nonspu-
3aunu B pexume nornoweHna (npuema) aHeprum [1], [5].

Ecnu npeanonoxmnTb, 4TO NOJIE TATOTEHUS YePHOW Ablpbl 06pa3yeTcs 3a cHeT
HEBMOMMOIO HaM OrPOMHOIro GOKYCUPYIOLLLErO 3epkaa, O BOSMOXHOCTU U Mexa-
HM3Me 00pas3oBaHUs KOTOPOro ObINI0 CKa3aHo Bbille, TO «A0J104KO» MOXET ObITb
dokycom Takoro 3epkana. M Torga B HeM AeNCTBUTENbHO AOJ/IKHA KOHUEHTPUPO-
BaTbCS OrPOMHas 3HEPrus, Manas 4acTb KOTOPOW OTpaXkaeTcs B BUOE BUOVMMOIO
HaM U3Ny4eHUs.

B npuHuune, kpoMe 60J1bLUMX YEPHBIX AblP — aHTEHH C 04eHb BONbLLIMM KO3d-
PULMEHTOM YCUNEHUS, A0JKHbI CYLLLECTBOBATD (M OHW y>K€ OOHapPYXXEHbI) YEPHbIE
ObIPOYKN MEHbLLErO MacluTaba — aHTEHHbI C MEHbLUMM KO3()OULMEHTOM YCUNEHNS,
HO N5 X 0BHapPYXeHns HeobXxoaANMO MMeTb 6onee YyBCTBUTESbHYIO annapaTypy.

3HaTb Obl eLLe, kakas cyabba oXXnaaeT MOrfoLWEeHHYIO YEPHOW AbIPOA SHEPTUIO,
[0 KakoW NIOTHOCTM OHa cnocobHa B ee «aA6104ke» (POoKyce) yNNOTHUTLCS, a Takxke
Kak 1 Kyaa oTBoamTcs. XoTenochk 6bl 3apaHee 3HaTb U TO, Kak CO BDEMEHEM 3Ta
3Heprus «NposiBUTCS» — B BUAE MOCNEeA0BaTENbHOro POXAeHNS HOBbIX 90 KOCMU-
yeckoro maciutaba nnm B BuAe HOBOro 60bLLIOro B3pbiBa, aHanormyHoro Tomy,
KOTOPbIN, Kak CHNTAIOT YYeHble, NpeaLecTBoBan o00pa3oBaHunio Hallen BceneHHon?

MMnorte3a: YepHbie Abipbl U CBEPXHOBbIE 3BE3Abl — 3TO pe3ysbTaT B3aum-
MOAEeNCTBUSA CO 3Be34HbIM BeLLeCTBOM 0O0pa3oBaBLUeiics B Npolecce B3pbl-
Ba 3Be34bl U €10 XXe CO34,aHHON U NOHU3NPOBaHHOW ra3oBoil 000J104KU, Npea-
cTaBnswowei coboii cBoero poga orpoMHoe BOrHyTO€e 3epKasio aHTEHHbI.
Takoe «3epkano» CNOCOOHO KOHLLEHTPUPOBAaTh (YNJIOTHATbL) B CBoeM dpoKyce
ocTaBLueecs Nocsie B3pbiBa BELLECTBO LLeHTPaJibHOW YacTu B3OpPBaBLUENCSs
3Be34bl U NonaeLlee B 30HY ero BAMSHUS Jlo6oe Mex3Be3gHoe BelecTBo, T.
e. poXpaaTb HOBble 3Be3Abl. POoKyC Takoro 3aepkasna BbiICTynaeT B Ka4yecTBe
YyepHO Abipbl, a BMECTE C «3epKasioM», KOTOpPoe MOXeT ObiTb HeBUANUMbIM, —
9TO CBOEro popa 3epkasjibHas aHTeHHa, paboTaiowas B peXxvume npmema mn
aKTUBHO nomiowarowas (KOHLEHTPUPYIOLLLAsA) SHEPruvio N3 OKpyXaloLiero ee
NPOCTPaHCTBA.
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3.2.3. NpaBuTauuns, oTKpPbITass U CKPbITass Macca, CKpbITasi MaTepus v
CKpbIiTass aHeprusi BceneHHom

[paBuTaUnsa — TAroTEHME.

paBUTALMOHHAsA SHEPIUS — NOTeHUManbHas aHeprus Tesn, obycnoBneHHas nx
rpaBUTALNOHHLIM B3aUMOOENCTBUEM.

paBuTaLMOHHOE B3aMMOLENCTBME — YHUBEPCA/IbHOE (NPUCYyLLEE BCEM BUAAM
Martepuun) B3anMoaencTame, camoe crnaboe u3 pyHaaMeHTabHbIX B3aMMOOENCTBUI
3NEMEHTapPHbIX YaCTUL, UMEET XapakTep NPUTSXKEHUS.

Ecnu rpaButaumoHHOE B3aMMOOencTBne OTHOCUTENBHO cnaboe 1 Tena ABUXYT-
CSl MEJIEHHO MO CPaBHEHMIO CO CKOPOCTBLIO CBETA, TO, Kak CHMTAIOT, CrpaBenimB
3aKOH BCEMMPHOIrO TAroTeHnst HeloTOHa, CornacHO KOTOPOMY Cuia B3aMMHOI0 npwu-
TSXKEHUS OBYX TOYEYHbIX TeN NPSIMO NPOMNOPLIMOHaibHa NPOM3BEAEHMIO NX MACC U
obpaTHO NponopuUMoHanbHa KBaapaTy pacCTosaHUS Mexay HuMu. Ho B cnyvae cuinb-
HbIX MOJIEN N CKOPOCTEN, CPABHUMbIX CO CKOPOCTbIO CBETA, MOJIb3YIOTCS CO30aHHON
OriHLWITerHOM 0bLuen Teopueii oTHocutenbHocTn (OTO), onuchiBaloLLEN TArOTEHME
KakK «MCKpPMBASOLWEE» BO3AENCTBNE PNSNYECKON MATEPUM HA TEOMETPUYECKME
CBOMCTBA NPOCTPAHCTBA-BPEMEHU, KOTOPbLIE, B CBOIO O4EPELb, BAVSIOT HA ABUXE-
HVe MaTtepuun u gpyrme Gusnyeckme npoueccol. B TakomM NCKPUBAEHHOM NPOCTPaH-
ctBe (cornacHo OTO) aBMXeHWe Ten «Mo MHepUum» (MNP OTCYTCTBUM BHELLHUX CUI,
KpOMe rpaBUTALMOHHBIX) MPOUCXOAUT MO re0Ae3nYecKUM JIMHUSAM, aHaNorNYHbIM
NPSIMbIM B HEMCKPUBJIEHHOM MPOCTPAHCTBE, HO CaMU 3TU JIMHUN Y>KE UCKPUBJIEHDI, @
BPEMS B CUJIbHOM rpaBUTaLMOHHOM MoJie Te4YeT MedJjIeHHee.

[paBuTaUMOHHOE none (none TaroteHms), none euamnyeckoe, CoO30aBaEMoe
No6bIMU PU3nyeckumm obbekTamm. Hepesa rpaBUTaLMOHHOE NOJe OCYLLECTBASETCH
rpaBUTaLNOHHOE B3aMOLENCTBME.

PaBUTALMOHHbIE BOJHbI, NTEPEMEHHOE MPaBUTaLMOHHOE nose, cB060AHO pac-
NPOCTPaHSALWEECS B MPOCTPAHCTBE CO CKOPOCTbIO CBETA M NPOSIBASIOLLEECH B BO3-
HVUKHOBEHMN OTHOCUTESbHBIX YCKOPEHUIA Ten. [paBUTaLNOHHbIE BOJTHbI KpaHe
cnabo B3anMoaenCcTBYIOT C BELLECTBOM M Ha OMbITE NMoka He 0BHapYXeHbI.

PaBUTALMOHHLIN KONNanc — katacTpoduyeckn 6bICTPoe CxXaTne MacCUBHbIX
Ten nog, encTBNeEM rpaBUTaLMOHHbIX CUIT.

Tak 4TO Xe Takoe rpaBuTauna?

M3BecTHO, 4TO 0ObIYHAsA aHTeHHA, paboTas B pexume npruema, cnocobHa «npu-
TAHYTb» 3/IEKTPOMArHUTHbIE YaCTULbI-BOJIHbI, Pa3Mep N Macca KOTOPbIX MHOIO
MeHbLUE ee COOCTBEHHbIX, HO TOJIbKO B TOM CJly4ae, eC/IM OHU OKaXYTCS B 30HE ee
OENCTBUS — B OKPYXAIOLWEM €€ NPOCTPaHCTBE.

M3BeCTHO, 4TO B3aUMOAENCTBME aHTEHHbI C YacTULAMN-BOSIHAMUY Pa3HOro Buaa
1 gyanasoHa NpoucxogmT B COOTBETCTBMM C COBEPLLUEHHO onpeneneHHon AH, nann-
yme KOTOPOWM MOXHO paccMaTpmBaTh Kak MCKPUBIEHNE aHTEHHOM OKPYXaloLEro
NPOCTPaHCTBA.

M3BECTHO, 4TO 191 QHTEHH, UMEIOLLMX Masbll KOADPUUMEHT YCUNEHUS (UIMEHHO
TaknMu N SBNSAOTCS, KaK NpaBusio, IMH30BbIE aHTEHHbI), 30Ha OENCTBUS CUN «NPUTS-
XEHUsI» HEBENINKA, T. €. UX CUJIbl TATOTEHUS ABNSOTCS KOPOTKOAENCTBYIOLLMMN.

Taknm 06pa3oMm, aHTeHHbI, paboTatoLme B pexmnme npuema, takke obHapyxu-
BaAlOT CBOEro poaa rpaBUTaLMOHHbIE CBOMCTBA. [103TOMY UX MOXHO paccMaTpuBaTb
B KQYeCTBE rpaBUTaLMOHHbLIX 0ObLEKTOB, TArOTEHME KOTOPLIX ONPEeaensieTcs Ux cno-
COOHOCTLIO «MPUTSXKEHUS» (MOMNOLWEHUS U KOHUEHTpaLMN) 3HEPrin, a Ha rpaBuTa-
LIMOHHbIE 00BEKTBI PACNPOCTPaHNTbL 3HaHMS 00 aHTEHHaXx, B MEPBYIO o4epeapb, 3Ha-
HWS O HEOQHOPOAHbIX ON3NEKTPUYECKUX IMH3axX U 3epKasbHblX aHTEHHAX.
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Mnortesa: N(paBUTALMOHHOE N «aHTUITPABUTALMOHHOE» B3aUMOAencTBue
— 9TO B3auMOAEeNCTBUE COOTBETCTBEHHO B PE€XMME NOrfowWeHns n ucnycka-
HUS aHTEHH, BKJIIOYas LUapOBUAHbIE JINH30BbIE€ aHTEHHbI N3 HEOAHOPOAHOIO
AU3JIeKTPUKa U 3epKaJibHble aHTEHHbI, C YaCTUL,AMU-BOJIHAMU, CIOCOOHBIMM
C HAMMN B3aMMOAENCTBOBATDb.

[Mpu aTOM Yy 3epKasnbHbIX «QHTEHH» (MPU OANHAKOBOM C IMH30BbIMU aHTEHHAMM
mMacce) aTa CnocoBHOCTb MOXET ObITb BblpaXeHa HECOU3MEPUMO CUJIbHEE, TaK Kak
OHa, B OCHOBHOM, onpenensieTcs He «00beMoM B3aMOLENCTBUS» (ero Maccoii), a
«MOBEPXHOCTBIO B3auMOAENCTBUSA» (€€ nnowaapto n GopmMoii), a 3Ta NOBEPXHOCTb
Nnpv paBHOM C IMH30BOW aHTEHHOW Macce, Y 3epKasibHOM aHTEHHbI MOXET ObITb HA
MHOro nopsiakoB 6onblue. Ecnv aTo Tak, TO «TAroTeHne», co3gaBaemMoe NoBepxHo-
CTAMM onpeaeneHHon GopMbl HEOOXOANMO YHUTLIBATL M MPU MOUCKE «CKPbITOMN»
maccbl BcenenHonm.

CBoWcTBa rpaBUTALMOHHBIX JIMH3, eCIN 3TU NINH3bI paccMaTpMBaTb B CaMOM
obLem Buae, BMOJIHE COMacyTcs C aHanorm4yHbIMnM CBOMCTBaMMN HEOAHOPOAHbIX
ON3NEKTPUYECKUX JIMHS, UCTMOJIb3YEMbIX B @aHTEHHOM TEXHMKE, BKJTIOHAS U T€ U3 HUX,
MIOTHOCTb KOTOPbIX B LLEHTPE CTPeMnTcs kK 6eCkoHe4YHOCTUN. B kavyecTBe Takmx JIMH3,
B MPUHLUMMNE, MOXHO paccMaTpmBaTb O0JIbLUMHCTBO 3BE3A, U NaHeT, a Takke HEKOTO-
pble ranakTukm, o 4em yxe OblsI0 cKa3aHO

CkpbiTas macca BceneHHol, HeEBMOMMOeE BELLECTBO, NPosiBnsioLlee cedbs no
B3aMMOAENCTBUIO C BUAVMbIM BELLLECTBOM MPY NOMOLLN CU TAFTOTEHUS, SBASNACH (M
ABNSIETCS) NPEOMETOM MONCKA YYEHbIX YXXE B TEYEHMNE HECKOJIbKMX OECATUNETUNA.

Bonbluas yacTb BUOMMOro BELECTBA, Kak NonaratloT y4eHble, COCPEA0TO4EHA B
3Be3gax. Kpome T1oro, nMeeTcsa Mex3Be3aHbIN ranakTU4eCKmii ras, nbib, TeNa niaHeT-
HOro TMNa, PacrnosioXeHHble BONN3M 3BE3, MaJible KOCMMYECKME TeNna U MHorme gpy-
rme KocMmn4eckmne o6bekTbl, KOTopkle yxe 0bHapyXeHbl. OaHako cumMTaeTcs, 4To Bee-
JIEHHas 3anoJiHEHA B OCHOBHOM HEBMOVMBbIM, CKPbITbIM OT HAC, BELLLECTBOM. K HEMY
OTHOCSAT U1 eLLe HEOOHAPYXXEHHbIE «erkme» 4acTulbl, 3an0JIHSIOLLIME BaKyyM, N HEU3NY-
yalLme «TeMHbIE» TENa, BKIOYas YepHbIe Abipbl. U aTa ckpbiTag macca BeceneHHom
[OJKHA BbITb 04eHb BOJILLLION, Tak Kak Macca M3BECTHLIX HA CEroAHs KOCMUYECKNX
00OBEKTOB COCTaBASET (MO MHEHMIO Y4eHbIX) BCero nuib nopsaka 10 % macckl, Heobxo-
OMMOWN NS CO30aHNS TOM KPUTUYECKOM MIOTHOCTU, KAKOW, COMMAacHO TEOPUKU ropsiven
BceneHHow, oHa gonxHa obnanatk. [03TOMY MOMCKM CKPbLITOM MacChl MPOAOIKAOTCS
HE TOJIbKO MNPY MOMOLLM PA3HbIX TEXHNYECKUX CPEACTB, HO U HA YPOBHE rMnoTes.

B HacTosuiee BpeMs Tena, cywecTByowme Bo BceneHHon, oGHapyXmBatoTCs B
OCHOBHOM MO N3/Ty4eHUIO (BUAMMBIN CBET U APYrMe BUAbl SNEKTPOMarHUTHbIX BOJIH),
Kak coBCTBEHHOMY, Tak 1 OTPaXeHHOMY. Ho Tak kak umetoLasicss Ha CerogHs nccne-
noBaTtenbckas 6a3a He NO3BONISIET NPUHUMATL Criabble N3NYyYeHUsl, TO HanmyYne
Heusny4Jalwmx (BepHee, cnabo nsnyyaioLlmx) Ten, KOTopble OTHOCHT K CKPbLITOM
Macce BceneHHoOM, MbiTaloTCs YCTAHOBUTbL MO X FPaBUTALVOHHOMY BO3AENCTBUIO
Ha gpyruve Tena, KoTopoe HabnoaaeTcs MHOrAa Aaxe nNpu OTCYTCTBMM BUAUMOM
MacCbl COOTBETCTBYIOLLEN BENNYUNHDI.

Hanpumep, rpaButaums CKOMEHNS ranakTnk «paboTaloLmx» kak cobupatoLas
JNIMH3a, CO30a€eT TAroTeHNe, KOTOPOE NPOCTUPAETCH Aaneko 3a Nnpeaenb BUOANMON
4acTW CKOMJIEHUS, YTO, MO MHEHUIO Y4EHbIX, KOCBEHHO NOATBEPXAAET HANMNYME TaM U
CKpbITO Maccbl. OQHOBPEMEHHO OHa NOATBEPXAAET N TO, YTO HEKOTOPbLIE KOCMUYE-
ckne 06bEeKTbl MOXHO paccMaTpuBaTth Kak JIMH30BbIE aHTEHHbI.

HekoTopble nccnegosaTenu nonararT, HTO OCHOBHas Macca rafakTuyeckmx
raso 3akJo4yeHa He B 3BE34ax, a B HECBETSALLLEMCSH CKPbITOM BELLLECTBE, COCTOSLLEM
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NnBOo 13 TeN C MAcCOW, NPOMEXYTOYHOW Mexay MaccaMu 3Be3f, 1 NaaHeT, nbo 13
9NIEMEHTAaPHbIX YaCTuL,, CYLLLECTBOBAHMNE KOTOPbIX NPEACKa3biBaIOT TEOPETUKMN, HO
KOTOpPbIE eLle TONIbKO NPEeACTOUT OTKPbITb.

Hunkaknx COMHEHMI HE BbI3bIBAET, HTO HOCUTENSMM CKPbITOM MACChbl SBASIIOTCS
Te KOCMMYECKMe 0OBLEKTbI, KOTOPbIE HE U3MTYHalOT U (M) He OTPaxatloT SHEPrnn B
[OCTaTO4YHOM 4S8 nx 06HapyXeHUs (COBPEMEHHBIMWU CPeaCTBaMM) KOMYECTBE, NN
HE 13Ny4aloT €€ B OCBOEHHbIX YEJIOBEKOM YACTOTHbIX AManas3oHax.

OpaHako Ha cerogHs yxxe nmeeTcs kak 6bl HECKOJTbKO BCceneHHbIx: «BUanmMas»,
«TensioBas», «PEHTrEHOBCKas» N «ynsTpaduroneToBas». Beirmanar atm BceneHHbie
COBEPLUEHHO NO-Pa3HOMY, HECMOTPS Ha TO, Y4TO 9TO OAHa 1 Ta e BceneHHas, HO
TONbKO UCCNEOBAaHHAsA B Pa3HbIX Ayana3oHax 4acToT. [109TOMyY HE NCKITIOYEHO, YTO
3aBTpa MOryT MOABUTBLCS U APYrMe BapuaHTbl BCE TOW Xe CaMOn, HO, B TO Xe BpeMs,
COBEpPLUEHHO HOBOM BceneHHowm, npeacTaBLluen Nnepen HaMmn B Apyrnx amanasoHax
4acToT.

HekoTopble COMHEHUS BbI3bIBAET TO, KAKOW OFPOMHbINV MPOLLEHT MacChbl OOJIKEH
ObITb 3aKJIIOYEH B HE 0OHAPYXEHHbIX (MoKa) KOCMUYeCKnx obbekTax. Noatomy, Haps-
Y C y>K€ N3BECTHbIMM MNOAXoAamMm K 0OHaPY>XEHMIO 1 ONpPeaeneHnto CKPbITON Macchl
BceneHHon, npennaraeTcs ewle oavH, NPUYemM COBEPLLUEHHO HOBbIN U HEOXUOAH-
HbI, KOTOPbIV NPEOOXeEH B [5].

CkpbiTas macca BceneHHoi, kak cnenyeT U3 ee onpenenenuns, CBa3blBaeTcs C
CUNON TATOTEHMUS, a cuna TAroTeHUs C «NPOSIBJIEHHOW» Maccon (maccomn nokosi). Ho
€Cnu NOAOWTN K KOCMUYECKMM 0ObEKTAM Kak K aHTEHHaM, TO TAroTeHUe (NpUTSXe-
HUE), ONpPenensemMoe MacCcom, ABASETCH BCEro NIMLLb YACTHbIM Cly4aeM NpUTsXe-
Hus. OHO, Kak NokasaHo B [5], cnpaBedIMBO TOJIbKO A1 OOBbEKTOB, B KOTOPbIX Ha
npuTsXeHne paboTaeT BeCb MX 00beM (06beM B3aMMOAENCTBUSA) MOA0OHO TOMY, Kak
3TO NPOUCXOAMT B JIMH30BbIX aHTEHHAX, B KAYECTBE KOTOPbIX Kak y>xe Oblno cka3aHo,
MOXHO paccMaTpuBaTth NPakTUYECKM BCe «0ObeMHble» Tena BceneHHoM.

Ho ecnu cuna TAroteHus (NPUTSXXEHUs) onpeaenseTcsa He CTOJIbko 00 beEMOM
(ero maccor), CkOIbKO MOBEPXHOCTBLIO B3auMOOENCTBUS (ee pa3mepom, GOpPMOii 1
MIOTHOCTbLIO), YTO XapakTepPHO ANS 3epKasibHbIX aHTEHH, TO OHA MOXET OblTb OrPOM-
HOWM Jaxe Npu O4EHb MaJIon Macce, 3ak/Il0YEHHOW B CAMOM B3aMOAENCTBYIOLLEN
NOBEPXHOCTU. B 3TOM Cnyyae Ha BENNYUHY CUJIbl TATOTEHUS (MPUTSXXEHNS) onpene-
N{oLEee BAMSHNE 0Ka3blBAET HE MACCa, 8 OTHOCUTENbHbINA (OTHOCUTENBHO B3aMMO-
OENCTBYIOLLMX C HENM YaCTULL-BOJTH) pa3Mep ee naowaaun, a Takke dopma n nnoT-
HOCTb PacnosIOXeHUs 31IeMEHTOB, 06pPa3yioLLMX MOBEPXHOCTb B3aUMOLENCTBUS.

B kayecTBe 3epkabHblX aHTEHH KOCMMYECKOro MmacLutaba MoXxHO paccmatpu-
BaTb, kKak y>e Obl/I0 ckasaHo, BCe koraa-nmbo cOpOLLUEHHbIE NMpY B3pbIBE 3BE3[, UX
BHELLHMe ra3doBble 060/104KN, KOTOPbIE, PaCCeBasiChb (BEPHEE, pacLUMPSISICb) U Nnpe-
BpaLLasCb B «<HEBUOVMKN», YBENYNBAIOT HE TOJIbKO CBOM Pa3MeEpPbI, HO U 30HY CBOE-
ro BAVSIHUS, U CUIY NPUTSIXXEHUS MO OTHOLLIEHWNIO K KOCMUYECKMM 0ObEKTaM BCE
6onbLuen n 6onbLUel BENNYNHBI. N UMEHHO 3TV OrPOMHbIE 3epKana-HEBUOUMKMN Cne-
noBaso 6bl, Kak OblI0 CKa3aHo BhiLLE, MOUCKaTb N03aau BCEX YEPHbIX Ablp, KOTOPbIE
MOTYT SIBAATBCS BCErO b GOKycamMm 3TUX 3epkas, B KOTOPbIX KOHLLEHTPMPYETCA
«nornowaemas» 4aHHbIMU 3ePKaibHbIMWY @HTEHHAMU 3HEPrUsl. IMEHHO 3TuMn 3ep-
KanamMm MoxXeT OblTb Bbl3BaHa 3Ha4YnTeNbHas (Mnm gaxe 60nbLUas) 4acTb CUI TAroTe-
HUS, KOTOPbIE CENYAC CBA3LIBAIOTCS YYEHLIMU CO CKPbITOM MacCOW, XOTH B 4ENCTBU-
TENbLHOCTU onpeaensiowmm GakTopoM 3TUX CUIT MOXET 0Ka3aTbCs HE Maccea,
3aksoyeHHasi B 00bemMe B3aMMoaencTeus, a pasamep, dopma 1 NI0THOCTb B3aUMO-
OENCTBYIOLLLEN NOBEPXHOCTN.
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Ecnn npu onpepeneHnmn ycnosuii paclumMpeHns n cxatmsa BceneHHom ncxoamtb
He TOJIbKO U3 B3aMOOeNCTBYIOLWMX Macc (00BbEMOB), HO U B3aUMOLENCTBYIOLLINX
noBepxHOCTEN, To Byaylias cynbba BceneHHOM MOXeET npeacTaTb nepes Hamu B
COBEpPLUEHHO APYroM cBeTe. [Jpyrmm cTaHeT 1 NOAXO0L K ONPeneneHunto 1 noucky
CKpbITO Macchl BceneHHoW, BepHee, CKPbIThbIX CUM TArOTEHUS, Tak Kak MCKaTb HaO0
OyOeT He TOJIbKO CKPbITble OT HAC MAaCChbl, HO U CKPbITblE (HEBUANMbIE) MOBEPXHOCTU
3epKasibHbIX aHTEHH KOCMMYeCcKkoro Mmacwtaba, KoTopble Takke CnocobHbl co3aaThb
cunbl MpUTSXeHus. B cBasu ¢ atum B [5] BbiABMHYTA cnefyowas rmnoresa:

TvunoTesa: NMporHo3unpys Gyayuiee BceneHHo (ee 6eckoHevYHOe pacLumpe-
HUe UM NyNbCcaluio), cneayeT YYUTbIBaTb CUIbI TArOTEHUS, onpeaensaeMbie He
TOJIbKO MAaCCOW (IBHOW U CKPbITOM), 3aK/1I04EHHOI B 00beMe KOCMUYEeCKNX
00beKTOB (06beme B3aumMoaencTems), HO U NJIoLWaablo, GOpPMOIi U NJIOGTHOCTLIO
B3auMOAENCTBYIOLLUX MOBEPXHOCTEN (MOBEPXHOCTEN B3auMOAENCTBUS) KOCMU-
YyecKkoro macLutaba, cnocoGHbIX cO3aaThb NPU PaBHOK C 06beMOM B3aumogeii-
CTBUS Macce, HeCON3MEPMMO OOJIbLLYIO CUJTY TArOTEHUS.

B npeanaraemom k npobaemMe rpasutaumm nogxoae, BOobLe-To, HAYero Heee-
POSITHOIO HET, Tak Kak OH 6a3MpyeTCcs Ha y>Xe XOPOLLO anpobMpPoBaHHbIX 3HAHUSIX U3
006NnacTn aHTEHHOI TEXHUKN, KOTOpPbIE NpeafiaraeTcs NepPeHeCcTU U Ha aCTPOHOMMUIO,
C03[4aB B HEW, Hapsiay C BCEBOJIHOBOW aCTPOHOMMEN, HOBOE €€ HanpaBieHune,
Hanpumep, «AHTEHHbl KOCMUYECKOro MacluTaba». HoBbIM BNSIETCS TONLKO TO, HTO
NPUHUMIN KOPMNYCKYNSIPHO-BOJSIHOBOrO Ayanuama creayeT pacnpocTpaHUTb HE TONbKO
Ha YacTuLbl MMKPOMMPA, HO U, KaK 3TO NpeasioxeHo B [3], Ha BCe CYLWECTBYIOLLEE B
HalleM Mupe, BktoYasi 00bEeKTbI KOCMUYeCckoro Maclutaba. M aTo BNosiHe AonNyCcTu-
MO, TaK KaK B HalLEM MMPE BCE HACTOJIbKO OTHOCUTESIbHO, YTO OaXe OrpomMHasi
3Be3aa Tuna rosiyboro niam KpacHoro ruraHTa npencraBnseT cobov No cpaBHEHUIO,
HanpuMep, C ranakTUKOM, BbICTyNalLWen ois Hee, BO3MOXHO, B KQYECTBE aHTEHHDb!,
JINLWb MUKPOCKOMNYECKYIO YacTuuy. M aTa 3Be3ga-4yacTuiua no CBOMM OTHOCUTESb-
HbIM pasmMepam MOXET BbITb COM3MePUMa HE TOJTbKO C 9N1EKTPOMArHUTHOM YacTu-
LLen-BOJHOM, B3aMOOENCTBYIOLLEN C KaKON-1MB0 3epKasibHOM aHTEHHO, CO30aH-
HOA YENTOBEKOM, HO 1 C 06pa3yloL MMM 3Ty HacTULLY-BOSIHY POTOHaMM, KOTOpbIE, Kak
nonaratoT, BOOOLLE HE MMEIOT Maccbl NOKOs. Ho BMoJIHE BO3MOXHO, 4TO UX HE Hay4un-
JINCb B3BELLMBATb TOJILKO MOTOMY, 4TO BPEMS X HE OTHOCUTESIbHOTO, @ «peasibHOro»
NMOKOS1, MO CPABHEHUIO C HALLMM «peasibHbIM» MOKOEM, MPOCTO HECOU3MEPUMO.

3.2.4. Kocmuyeckune nporHo3bl

Ecnmn NnoAbITOXUTbL CKa3aHHOE BbiLLIe N COBCEM HEMHOIO ﬂOd)aHTa3VIDOBaTb,
onmpascb, 0AHAKO, Ha YpOBEHb COBPEMEHHbIX Hay4YHbIX 3HaHI/Il7I, TO MO>XHO NOonbl-
TaTtbCH «MNpeackasatb» B 00LWMX YepTax «CyOb0y» HE TONIbKO YepPHOW Ablpbl, HO U
BceneHHoM B LENOM, UCXOAS U3 BNOSIHE BO3MOXHOI0O BapMaHTa KpyroBopoTta 3Be3-
OHOro N MexX3Be3QHOro BELLECTBA.

C'-II/ITaeTCﬂ, 4YTO CBEPXHOBbIE 3Be30bl 1 HEepPHble AblPpbl ABJIAIOTCA (DI/IHEU'IOM
XXU3HWN MMraHTCKUX 3Be3/, koraga 60/bluas 4acTb MX Macchl (MHOrAa v BCKA) pasneTta-
€TCS C OFPOMHOW CKOPOCTbIO, a8 OCTATOK CXUMAETCS (KOAancupyeT) B CBEPXNOT-
HYIO HEMTPOHHYIO 3BE34Y WUV YEPHYIO AbIPY.

C6poLueHHyI0 Npu B3pbiBe 060/104KY 3BE3bl, K TOMY X€ NOHNU3VPOBAHHYIO,
MOXHO paccmaTpmBaTb Kak OFPOMHOE BOFHYTOE «3epKaso», KOTOPOE, pacLUMpPSACh,
yBenn4mBaeT CBOU pa3Mepbl HACTOJIbKO, 4TO CcnocobHo KOHLEHTPMPOBATb B CBOEM
doKyce COXpaHUBLUMECS NMPU B3PbIBE YaCTULbl LEHTPAIbHOM 4acTn 3BE30HOI0
BewecTBa, YrnaoTHAA MX A0 NJIOTHOCTU 3Be3A4, BKJto4ada HeIZTDOHHbIe. N 3TOT KOH-
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LEHTPUPYEMBbIA 3ePKaioM CrYCTOK SHEPIUU, Kak yXe Bblf10 cka3aHo, MOXHO pac-
cMaTpuBaTtb B Ka4eCTBE NEPBUYHOIo 06/yYaTens, «BblMOJIHEHHOrO» B BUAE Crvpasb-
HOW aHTEHHbI.

Ecnu «3epkano» oocturaet 4pesBblidaiiHO 60MbLUOK BENINYMHBLI, TO OHO CNOCO0-
HO KOHLLEHTPMPOBATL B CBOEM (POKYCE HE TOJIbKO OCTaTKM B30PBABLUENCA 3BE3bI,
HO 1 Opyrme KoCMMYeckne o6beKTbI, MonaBLIne B 30HY ero (3epkana) BnunsHus. U
TOrga OHO BLICTYNaeT B KAYECTBE YEPHO Ablpbl, BTArMBatoLLen B cebs n3 kocMuye-
CKOro NpOCTPaHCTBa BCE, YTO OHO CNOCOBHO «MOrMMOTUTL» (CKOHLLEHTPUPOBATb).

YepHasa gpipa HeBUAMMA, MOTOMY Y4TO OCHOBHbLIM MHCTPYMEHTOM YEI0BEYECTBA
Npuv N3y4eHUn KOCMOCa B HACTOSILLEE BPEMS SABSIETCS NPUEM U3NTYYEHHOWN U
OTPaXEHHOM KOCMWYECKMMM TENIAMUN SHEPIMN OCBOEHHBIX ANAana3oHoB. HYepHas xe
Ablpa B 9TUX AManasoHax noYTv HUYEro HE N3NTY4aEeT N HE OTPaXxaeT, @ B OCHOBHOM
NnormoLaeT (KOHUEHTPUPYET), T. €. ABASIETCSH CBOEro poga NpMeMHON, a He nepe-
Jaroulen, aHTEHHOWN.

Ecnu paccmaTtpmBath YEPHYIO AblpY KaK aHTEHHY, TO OHA MOXET ObITb «CUJIbHA»
He BEJIMYMHON MacChbl 06bema B3auMoaenCcTBUS, a BENMYNHONM Niaowaan B3aMmMo-
OENCTBUS, T. €. ABNATBCS aHANIOroOM He JIMH30BOW, 8 UMEHHO 3€PKasibHOM aHTEHHbI. U
Torga ee KO3 OUUNEHT ycuneHus (CnocoObHOCTb KOHLIEHTPALUWM SHEPTM) MOXET
OblTb HECOM3MEPUMO BOJbLLE, YEM Y JINH30BbLIX @aHTEHH PABHOW MaccChl.

M3 BbICKa3aHHO BbILLE MMNOTE3bl, PACMPOCTPAHSIOLLEN HA YHEPHYIO AbIPY CBOM-
CTBa aHTEHHbI, CNeayeT, YTO YepHas Aplpa CnocobHa He TONbKO MOMOoLWATL, HO U
13y4yaTb SHEPIUIO, HE TOJIBKO «MOXUPaTh», HO U, KOHLLEHTPMPYS SHEPIUIO B CBOEM
dokyce, «poxaaTb» OTAENbHbIE 3BE3AbI U LiENble 3BE3AHbIE CKOMIEHMS.

B0O3MOXHO, 4TO MMEHHO BOMHYThIE MOBEPXHOCTM KOCMUYECKOro Maclutaba, KoTo-
pble MOXHO pacCcMaTprBaTh Kak 3epkasibHbl€ aHTEHHbI, ABASIKOTCS HENOCPEACTBEHHbI-
MW POAUTENSMUN BCEX KOCMNYECKNX OOBEKTOB, «BblHALLUMBASA» (KOHLEHTPUPYS U3 UMELD-
LLEerocs «noj, pykor» 3Be34HOr0 1 MEX3BE3QHOIO BELLECTBA) B CBOEM «4YpEBE» (POKY-
ce, GOoKanbHOWN NMHUK, PoKaNbHOM OKPYXXHOCTUN Ui poKasbHbIX 06/1aCTAX KAKON-NM60
apyron Gopmbl) «aeTen» (kocMudeckne oobekTbl). Popma aTux «aeTeir» JoskHa CooT-
BETCTBOBaTb HGOpMe «HpeBa» Ux maTepu (hbopme dokycupyioLlen obnactm 3epkana).
VIx pasamep 1 MNOTHOCTb OOSKHbI 3aBMCETb OT pa3Mepa CamMom «POXEHNULbI» (pasmepa
3epkana) 1 oT ee crnoCcoOOHOCTEN MO YaCTU KOHLUEHTPaLUUM SHEePrnn («TOHEYHOCTU» U
«Pa3MbITOCTM» poKanbHOW 06N1acTn). BO3MOXHO, YTO CpeaHsAs KaTeropms KocMmu4e-
CKNX «POXEHULL» CrocobHa NPOn3BOANTL Ha CBET TOJbKO 0OblYHbIE 3BE3AbI (TUNA
Hawero ConHua 1 MeHbLUE) C UX MNaHeTHbIMKU cucteMamm. KpynHbix — 6enbix kKapnaum-
KOB. [MraHTCKMX — HEMTPOHHbIE 3BE3bI 1 DONbLUME YepHble Abipbl. Elle 6onee mac-
WTabHbIX — Lesble ranakTUKM NN NX CKOMJIEHNS U T.4.

«Poabl» («BblNeT U3 rHe3aa») TOro M MHOro «MnageHua» («NTeHua») AoKHbI
NPONCXOAMTb B TOT MOMEHT, KOraa «AeTopoasiiee» 3epkaso, paccesBlLUNCL, OyaeT
Y€ HE B COCTOSAHUM YOEPXMBATb «ANTS» B CBOEM «4pPEBE», CBOEM «IHE3OE»
(dbokanbHoM obnacTtun). B obuwem, Bce Kak y XUBbIX CYLLECTB, BKJIOHas Ntogen n
NTUL, XWBYLLMX B HALLEM NOASTYHHOM MUPE.

OpaHako TBOPEHUS KOCMMYECKOro maclutaba, ecnm ux pasmep (MI0THOCTL) npe-
BbICUT HEKYIO KPUTUYECKYIO BENTMUKMHY, CMOCOBOHbI, KAK M3BECTHO, «JIOMHYTb>» OT YpPe3-
MEPHOro BHYTPEHHEro AaBneHusl. M Torga Bce Ha4YHETCHa cHavana.

Taknm 06pa3om NpPoLLECC KPYrOBOpPOTa 3BE34HOI0 BELLLECTBA, HAYMHaAs C
MOMEHTA B3pblBa, KOPOTKO MOXHO NpeAcTaBUTb Clieayowmm 06pa3om.

Ha nepeom aTane o6pa3oBaBLUEECS NPW B3PbIBE «3epKaso», HarnpaBiieHHOe CBOEN
BOIHYTOCTbIO B CTOPOHY B30PBaBLLENCS 3BE30bI, KOHLEHTPUPYET B CBOEM hOKyCce
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OCTaTKM ee LUEeHTpasibHOW YacTn, KOTOPbIE Ha CTaaumn «3apodbilla» BbICTYNAOT B BUAE
3B€E3[bl TOM UM MHOM 3BE3OHOWN BENTMHUNHBI.

Ha BTOpOM aTane 3epkano, yeenunyineas (6narogaps nocnenytowemMy paclumpe-
HWIO) CBOM pa3Mepbl, OAHOBPEMEHHO PaCLUMPSET 1 30HY CBOErO BANSAHMS, MOroLas
KOocMU4Yeckne oObekTbl BCe 00sbLUen 1 6onbLIEe BENWMYMHLI. B pedynsraTe oHO cnocob-
HO NMPEBPATUTLCS B YEPHYIO AbIPY TOMO UM MHOMO MacLuTaba.

MornoweHne aHeprum (POCT «MNAAEHLEB») MOXET MPONCXOOUTbL A0 TEX NOp, Noka
3epKao, paccesiBLUMCh, HE BbIMYCTUT CBOUX «OeTel» Ha ceobony. OoHako, «BblIeTeEB
M3 OOHOro «rHe3aa», OHU MOryT ObITb MPUHATLI B CBOE «4PEBO» OPYrMMU 3epKaniamMu.

Ecnn pasmep (M NNOTHOCTbL) BHOBb 00pa30BaHHOIO KOCMMYECKOro Tena (ckomnne-
HWS! TeN) OOCTUMHET KPUTUYECKOM BENINYMHBI, TO MOXET MPON30MTU HOBbI B3PbIB.
Mocne yero Bce A0HKHO HA4YaTLCS CHadvana.

Ecnn ckasaHHoe Bblille NpaBOMEPHO, TO BCE M3BECTHbIE KOCMUYEeCKne obpa3oBa-
HUS1 HAXOOATCS HAa TOM UN MHO CTaamm KpyroobopoTa KOCMUYECKOro BELLECTBA,
COBEPLLUAEMOro No eayHOM Cxeme.

OT macLuTaboB B3OPBABLLEr0Cs KOCMUYECKOro 00bEKTa, a Takke OT NepBoHaYaslb-
HOW MNOTHOCTN U BPEMEHM XU3HN COPOLLIEHHONM MPU B3PbIBE «3epPKasibHOM» 060/1I04KM
3aBUCUT, 4TO AaHHasa 060Js104Ka CnocobHa «poanTb». ITO MOXET ObiTh 0ObIYHAS 3BE34a
BMECTE C NJIAaHETHO CUCTEMO Unn Benblii Kapsnk. OTO MOXET OblTb HEMTPOHHAs
3B€3/Ja WM HeHACbITHAast YepHas ablpa, KoTopasi B 3aBMCUMOCTW OT KOJIMYeCTBa NOMo-
LLEEHHOM et0 B MPOLLECCE XU3HU SHEPTUN CO BPEMEHEM, BO3MOXHO, «Pa3poanTCsl» He
O[IHOI, @ MHOXXECTBOM 3BE3[, UK AaXeE LENoN ranakTukom, Unn Nx cKonieHnem. 31o
MOXET ObITb M HEYTO COBCEM APYroe, Noka HEM3BECTHOE HaM.

[MaBHOE e COCTOUT B TOM, H4TO BCE CKa3aHHOE BhbiLLE, B MPUHLUMMNE, BNOJIHE BEPO-
ATHO, TaK KaK B NePBOM MPUGIMXXEHNN HE MPOTUBOPEUNT YKE N3BECTHLIM HaY4YHbLIM
3aKoHaM 1 rmnoTesam, yxe NoATBepXAeHHbIM HaCTUYHO JOCTOBEPHbLIMU akTaMu.

MOXHO, KOHEYHO, CHMTATb, YTO OMMUCAHHas BbiLLIE MMMOTETMYECKAs KapTMHA KPYro-
BOpOTa 3BE3HOI0 BELLLECTBA SABNISIETCS BCErO LLUb (PaHTaCTUHECKMM BbIMbIC/IOM,
HO...

[MonbiTka NMOCMOTPETb HA KOCMUYECKNE 00bEKThI (M HE TONBbKO Ha HMX) Kak Ha
aHTeHHbI Obla caenaHa Bniepsble [1] npumepHo B koHue 2001 roaa, koraa ewle cymTa-
JI0Cb, 4TO YepPHbIE AblPpbl — 3TO KOCMMYECKME 0O6BEKTLI OFPOMHOI0 MacLuTaba, crnocob-
Hble TONIbKO NOXMpaTb 3HePruio. M nodTr cpasy ke Havana nocTynartb HoBast MHOop-
MaLMs O YepHbIX AblpaxX, KOCBEHHO NOATBEPXXAAIOLLAS MPAaBOMEPHOCTb U3J0XEHHOMO
aHTEHHOro NMoaxoAa K YepHbIM Ablpam.

Hanpumep, 17.10.2002 roga npotuna nHgopmauus 0 TOM, YTO B LEHTPE HaLleWn
lanakTnkn obHapyxxeHa orpoMHas YepHas ablpa, KoTopas Yyepes3 Mmunnnapabl net
MOXeT BTSIHYTb B ceb4 BCIO Hawy ManakTtuky. B koHue 2003 roga nosaBmnmcb coob-
LLEHNS O TOM, 4YTO HalaeHbl HeboNbLUME YepHble «ablpoyku». B cepeavHe 2005 roaa
B MIHTEpPHET NOSABUINCH COOOLLLEHNS O TOM, YTO YEPHbIE AblPbl HE TOJSILKO NOrNoWwaT
3Hepruio, Ho 1 nanyyatoT. A B rasete «M3Bectusi» N2 191 3a 2005 ropg B pasgene
«Hayka» Oblna onybnmMkoBaHa cTaTbs No4, HasBaHMEM: «HepHas Oplpa He TONbKO
NnoXunpaeT 3Be3bl, HO U OXPAHSIET MX», B KOTOPOW FOBOPUTCS O TOM, Y4TO YepHas
Oblpa, pacnonoxeHHas B LeHTpe MnedHoro MNyTtu, nomoraeT o6pa3oBaHMO MOJIO-
ObIX 3BE3.

HoBble Hay4Hble OTKPbITUS, 0BHAPOAOBAHHLIE YXXE MOCcse TOro, kKak 6bls1 BrepBbie
chopmMynmMpoBaH PaCCMOTPEHHbIN BbILLE aHTEHHbIM MOAX04,, CBUAETENbCTBYIOT O TOM,
YTO OH 3ac/lyXMBaeT 6osee AeTaIbHOrO PACCMOTPEHUS COOTBETCTBYIOLLMMU Crieupna-
JNMcTamu, BKNOYas KOCMOJIOrOB M @HTEHHLLIMKOB.
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Fnaea 4
AHTEHHbI — «OKHa» B ApYrue «MMUpbI»

OCHOBHO LieNnblo AaHHOM paboThl ObINIO HEe AeTalbHOE UCCliefoBaHne Tex n
MHbIX KOHKPETHbIX UCKYCCTBEHHbIX M €CTECTBEHHbIX aHTEHH, aHTEHHaMW He Ha3bl-
BaeMbIX, a NpuBJeYEHNE K JaHHOMY BOMPOCY BHUMaHUS PasHbiX «y3KUX» creuyanu-
CTOB, B NEpPBYIO 04epeapb, CNeumManmcToB No aHTEHHOM TEXHUKE.

AHTEHHbI UHTEPECHbI TEM, YTO (B OT/IMYME OT APYrvX PaANOTEXHUYECKNX
YCTPOMCTB N1060ro NpruemonepenaoLLero KOMMnJaekca) y HUX BCce «Ha mue Hanuca-
HO», XOTS1 «INL0» aHTEHH, CO3A4aHHbIX NMPUPOAON, MOXET BbITb 60oslee CNOXHbLIM NO
CPaBHEHWIO C aHANOMMYHbIMW YENOBEYECKMMM «CO3OaHUAMMN».

Kpome Toro, kak yxe 6bls10 cka3aHo, ABNSSCb YCTPOMCTBaMN BBOAA-BbIBOAA
SHEeprum, aHTEHHbI PAcMOIOXEHbI C BHELUHEN CTOPOHbI TOro 30 (UnNKn ero oTAeNbHO-
ro YpoBHS), KOTOPOMY NpuHagfiexart, T. e. Ha kaxaom S0 (M KaxXOoM ero ypoBHe)
Hanbonee AOCTYMNHbI AN HABNAEHUS U N3YHEHUSI UMEHHO aHTeHHbI. [ToaTomy cne-
uManmcTam no aHTEHHOM TEXHMKE NPOLLLE BCEr0 NOCMOTPETb HA BCE ECTECTBEHHbIE
M nckyccTBeHHble 90, aHTEHHaMU He Ha3blBaeMble, C NPOMECCMOHANIbHOM TOYKN
3PEHNS U NPUMEHUTb K HUM CBOW 3HAHMS 3 061aCTW aHTEHHOM TEXHMKN. MIMEHHO
OHU (B COOPYXECTBE C APYrMU Y3KMMW CNeuyanmucTtaMmmn n3 pasHblX Hay4HbIX OTpa-
cnem) cnocOoBHbI MOMOXNUTb HA4Ya10 MaCLUTAaOHOMY N3YYEHUIO ECTECTBEHHbIX U
NCKYCCTBEHHbIX 0 C NpUBREYEHNEM YXE HAKOMJIEHHbIX YE/I0BEYECTBOM 3HAHUI B
Opyrmx obnacTax, 4TO MOXET NMPUBECTM K O4epefHOMY HayYHOMY CKauKy.

B nocnenHee BpemMsi nosiBnseTca Bce 60sblle coobuieHnii 06 nccnemosaHum
>XMBOTHOIO W pacTUTENBHOIO MMPa C LIeSbio onpeaeneHns paboymx ananasoHoB, Ha
KOTOPbIX «OAHOSA3bIYHbIE» NPEACTABUTENN MUPA NPMPOALI «0BLLAI0TCSA» MEXAY
coboit. Npn 3TOM BbISICHAETCS, 4TO paboyne ananas3oHbl CambiX Pa3HbIX YacTUL,-
BOJIH, BKJIOHYAs 3BYKOBbIE W 9IEKTPOMArHUTHbIE BOJIHbI, «pacnpeaeneHbl» Mexay
OTOENbHLIMW NPEACTaBUTENSAMM XNBOW NPpUPOoAbl N0g0OHO TOMY, Kak PernameHTom
pPaAMoCcBa3n pacrnpeneneHbl Mexay pa3HbiMu cnyxbamm guanasoHbl dekTpomar-
HUTHbIX BOJIH.

«OcCHalLeHbl» XMBble CYLLLECTBA, BKJIOHas YeNI0BEKA, M CaMbIMU Pa3HbIMW @HTEH-
HaMn, KOTOPble eCTECTBEHHbIM 06Pa30M BMMCaHbl B X COOCTBEHHbIE Tena, NpuyemM
9TV aHTEHHbI SIBNSIOTCS, Kak NpaBuio, 6onee coBepLUEHHbIMU N MHOMOMYHKLIMO-
HasIbHbIMW, YeM aHTEHHbI, CO3AaHHble YenosekoM. Kpome Toro, HepasyMHeble,
AKOObI, HALWN «<MeHbLUNE BpaTbs» MCMONb3YIOT M MHOIOe U3 TOro, YTO UCMOJL3YET
YyesioBeK, HO TOJIbKO HE NCKYCCTBEHHOE, @ eCTECTBEHHOE.

AHTEHHON-PE30HATOPOM SBASETCH NO CYLWECTBY NMaHUVIPb BCEM M3BECTHOW
MOPCKOW paKyLKN. DTa aHTEHHA «3HAMEHUTa» TeM, YTO NpPoAoKaeT paboTaTb U
nocne CMepTM CBOEro xo3aunHa. Ecnu pakyLuky npunoxmTb K yxy, TO OHa cnocobHa
M3My4aTb LUYM MOPCKOro npnbos faxe cpeam ropoackoin CyeTbl. 3TO MOXHO pac-
cMaTpuBaTb Kak Y4yao, HO M3BECTHO, YTO JIIOOOW LLYM COCTOUT M3 LUMPOKOro CrekTpa
BOJIH CaMol pa3Hoi onunHbl, a ntobas aHTeHHa, Kak 1 Ntobor pe3oHaTop, ycunveaeT
Te BOJIHbI, KOTOPbIE COBMAAAloT C ee COOCTBEHHbIMU (paboymmm). No3aToMy MOXHO
CYMTaTb BMOJIHE OYEBUOHBLIM, YTO MOPCKME PaKyLLKM, HACTPOEHHbIE HA 3BYKN MOPS,
CNOCOOHbI He TOJIbKO MU3BJIEYb UX AaXe U3 FOPOACKOro WymMa, HO 1 YCUINTb. JTO
JINWHWIA pa3 NoATBEPXXAAET, YTO HE TOJNIbKO aHTEHHA, CO3aHHas YeI0BEKOM, HO U
nobas apyras, «<HaCTPOMBLUMCL» B PE30HAHC, CNOCOOHa YNOBUTbL U YCUINTL TE
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BOJIHbI, KOTOPbIE COBNAAaloT C €e COOCTBEHHbLIMU, Ppabo4ymmMm, BHE 3aBUCUMOCTU OT
TOro, KTO WX YTO ABASIETCH UX MCTOYHUKOM (4E0BEK, MOPE, FOPOACKOW LUYM Uin
4TO-TO ApYyroe).

Bcem xopoLuo n3BeCTHO 0 TakUxX aHTEHHaX NpeacTaBuTenen gayHbl, Kak rnasa,
YLK, HOCbI, yCbl. B nocneagHee Bpems npowuna nidopmaums o TOM, 4To 3yObl Aeb-
dUHOB NpeacTaBnsaoT COO0M ABE LWITbIPEBLIE aHTEHHbLIE PELUETKU, B KOTOPLIX Nep-
BUYHbIE 3/IEMEHTbI (3yObl) PacnonoXeHbl B ABa psiaa Co CABMIOM Ha MOSIOBUHY
ONIVHbI BOJTHbI. 9TO NO3BONSET AenbdrHaM NCNoNb30BaTh NX B KAYECTBE JIOKATOPOB.

«LLlenykn» nenbpunHOB, Kak ObINIO CKasaHo B 04HOW 13 Nepenay 0 XUBOTHbIX,
ABNSIIOTCS HYACTbIO VX HABMIFALWOHHOM CUCTEMBI, 3XONO0T Y HAX HAXOOUTCS Ha Yepene
M NpeacTaBnsaeT cobon akyCTUYECKYIO JIMH30BYIO aHTEHHY, paboTatowyto Ha 6onee
BbICOKMX YaCTOTax MO CPaABHEHMIO C TEMU, KOTOPbIE BOCMIPUHMMAET YenoBek. Mpu
MOMOLL CBOEIr0 9X0J10Ta OHM MOFYT AaXe OT/IMYaTh CTaslb OT NATYHU.

CnoHbl 00LaloTcs Mexay cob0l Ha O4EeHb HU3KMX YaCTOTax 3ByKOBOro avana-
30Ha, KOTOPbIE YENOBEK, KaK 1 C/IMLIKOM BbICOKME, HE BOCNPUHMMAET. «['yaeHne»
C/TIOHOB B 3TOM AMana3oHe pacnpOoCTPaHAETCs Ha MHOTME KMIOMETPbI, a AJ19 CBA3N
C Opyrvmm coobLLecTBamMmm COHOB, YAANEHHbIMW HA MHOTMe OEeCATKN KUIOMETPOB,
OHM YCMELLHO UCMOJb3YOT aTMOCPEpPHbIE BOJIHOBOAbI, 06pa3yoLmecs B NPU3EMHbIX
CNOsIX BO3yXa B BEYEPHEE BPEMS CYTOK.

Pabounii puana3oH NUSBOK ABASETCS «yrnekncnbiM» OHM ynaBnnBatoT Yriekn-
C/bIli ra3d v Mo HEMY HaxXOOAT CBOIO «XKEPTBY».

[My6okoBOAHbIV KanbMap MMeET 60JblUME rna3a 1 ManeHbKUi YyBCTBUTENbHbIV
[eTekTop.

B nocnepgHue rogbl NoSiBUANCE coobLeHUs U 0 6onee cepbes3Hbix CccnenoBa-
HUAX B 3Tol obnacTtu. B [8] 1 [9] BbIOBUHYTLI M HAXOOAT NOATBEPXAEHNE rMNOTESLI O
TOM, 4YTO PaA3HOM AJIMHbI BOPCUHKM KOXW LWEPLUHSA GOPMUPYIOT TPU CIOXHbIE aHTEH-
Hble pelweTkn. OHKM paboTatloT B NpMeMONepeaaloLLEM PEXNUME Ha TPEX YacToTax
CcyOMMNIMMETPOBOIro Anana3oHa BOJIH U ABASIOTCS C/IOXHeNLWwen pagapHon cnucre-
MO, onpenensowen HanpaeneHme ero noneta. JanbHOCTb AENCTBUS 3TON CUCTE-
Mbl AOCTUIAET HECKOJIbKUX KMITIOMETPOB, a n3fiydyaemMasa aHeprus CO30aeTcs B Tene
LUEPLLUHA 3a cHeT TepMO-POTO-Nbe30-anekTpnyecknx adpdekTos. MiccnegosaHus B
9TOM HanpasieHUN NPOAOJIKAIOTCA.

Pa6oTbl N0 06HAPYXXEHMIO N UCCNEA0BAHMNIO ECTECTBEHHbIX @aHTEHH NPeaCcTaBu-
Tenen onopbl 1 dayHbl HAXOOATCH ELLLE B CAaMOM 324aTOYHOM COCTOSIHUW. AHaNOrny-
Hble paboTbl N0 OBHAPYXEHNIO ECTECTBEHHLIX AHTEHH B MMpPe TaK Ha3biBAEMOM
HEXVBOW NPMPOabl NPaKTUYECKN ELLE U HE HAYMHANOCh, XOTS 1 OHU NPEACTaBAsOT
Cco0b0W aHTEHHbI, BEPHEE, COBOKYMHOCTM MHOXECTBA aHTEHH, CMOCOOHbIX MCNyCKaTb
M yNaBamMBaTh YaCTULbI-BOJIHbI CAMOIO Pa3HOro BMaa v gnanasoHa.

B3rngag Ha Mup 4epes aHTeHHbl — «OKHa» B Apyrne «Mupbl» MOXET AaTb O4EeHb
ObICTPbIE 1 BECbMA HEOXWNAAHHbLIE pe3dynbTaThl. [laxe npocToe obHapyXeHne ecte-
CTBEHHbIX aHTEHH 1 BbISIBJIEHME NX aHANOrOB CPEAV aHTEHH, CO34aHHbIX YEIOBEKOM,
NMO3BOJINT HE OTKPbIBATb MHOMOKPATHO B K&XXA0M W3 HAay4YHbIX HANPAaBAEHU OAUNH U
TOT Xe aHTEHHbI «Beniocunen», a UCNoJib3ys yXxe MMetoLmnecs 3HaHus, 6bICTPO
onpenennTb paboyre ananas3oHbl NpeacTaBUTeNen «<MMpPOB» Pa3HOro maclutada n
YPOBHS «NPOXMBAHNS», BKJTIOHYAS YEJTOBEKA N €0 OTAEJIbHbIE OPraHbl.

Ecnu pabouunii ananasoH Tex nnu nHbix 30 6yaeTt onpeneneH, To MOXHO HalTn
(Vnn co3gaTthb) O HUX, BKITHOHAS XMBbIX CYObEKTOB U HEXMBLIX 0ObLEKTOB, «Mepe-
BOAYMKa», CNOCOBHOro «pa3roBapuBaTtb» C HAM (1 €ro OTAENbHLIMU «OpraHaMmn») Ha
OOHOM 1 TOM Xe «5A3blke» — 0bLeM padoyeM ananadoHe. MoxHO Takxke co3aaTb
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ONS1 HAX «KaMepPTOHbI», CNOCOOHbIE «HACTPOUTL» «PACCTPOEHHbIE» «BNOKM» Ha HYX-
Hble BOJIHbI M MOAAEPXMBATbL NX HOPMasbHYO PaboTy NOA0OHO TOMY, Kak CTUMYNS-
TOp cepaeyvHor neaTenbHOCTM 3aaaeT 60IbHOMY CeEpPALYY HOpMasbHbIN paboymnii
pUTM.

CosHaTenbHO MeHssl NapaMeTpbl aHTEHH, 3aJI0XKEHHLIX B YENI0BEKA (M HE TOJIbKO
B YEN0BEKa) NpUpPOoa0I, MOXHO HACTpamBaTb UX HA MPUEM HYaCTUL,-BOJH APYIUX
9HEeprum 1 ananasoHoB — APYrnX «NPOorpamMm», U He NPUHMMAaTb MHOIM1e 13 Tex,
KOTOpble Cenyac 4enoBek BbIHYXAEH NPMHUMATb, Tak Kak He YMEeeT OT HUX «OTCTPO-
NTbCS».

3Has, Ha KaKMx HECYLLIMX YacTULax-BOJIHAX BO3MOXEH NPUEM HaAMU U HALLMMI
0ETbMMW MO3UTUBHbIX 3HEPrOMHMOOPMALIMOHHbIX MOJIEN-MPOrpamMm, MOXHO U3Ny4aTb
MX B Halle NPOCTPaHCTBO-BPEMS UMEHHO Ha 3TUX BOJIHAX, N UCKNOYUTL (M ocna-
OUTb) N3Ty4eHne BOJIH, HECYLLIMX HEraTUBHbIE MOJISI-NPOrpaMMbl.

MepeuncneHme NpegnonoXnTenbHbIX Pe3yNibTaTOB 3HAHUS XxapakTepUCTMK
€CTEeCTBEHHbIX @aHTEHH MOXHO NPOA0IXaTb A0S0, OAHAKO B paMkax AaHHOW pabo-
Tbl coenaTb 3TO HEBO3MOXHO. MHOrme n3 NpMBEAEHHbLIX BbilLe NPEANoNoXeHNA,
COENaHHbIX HA OCHOBaHUW aHanornn, rpaHmny4aT ¢ GaHTacTUKOM N KaxyTcs (Ha
cerogHs) HeBeposATHbIMW. OQHaKO Aaxe aTOMHOE 14Pp0 MO HEKOTOPbLIM CBOUM CBOW-
CTBaM 0Ka3asioCb aHaNOrMYHbIM KanJse BoAbl, HTO NOMOIN0 Gpu3nkam, B CBOE BpeEMS,
pasragaTb ero o4epeHylo TaiHy, a CoBceM HefaBHO (B ceHTa6pe 2005 ropga) New
Scientist coobLWWN0 0 TOM, 4TO aBCTPAIMNCKNE YHEHBLIE «M3rOTOBUIN MOLESb
NOKPbLITUS KOCMUYECKOIro Kopabns, rae NCNnonb3yeTcs MexaH3M B3aMMOLAENCTBUS,
pacnpoCTPaHEHHbIN B cpeae HaCeKOMbIX».

YuntbiBasi cka3aHHOE BbllLE, MOXHO (C A4OCTAaTO4HO OONbLLOM A0nei BepoATHO-
CTW) yTBEPXAATb, YTO CPean TEX, KTO MOCMOTPUT HA OKPYXXalOLLNM HaC MUp Yepes
npeajiaraemMble aHTEHHbIE «OKHa», 0OHapPY>XaTCs aBTOPbI HOBLIX OTKPbLITUIA. MHorve
OTKPbITKS, KaK U aHTEHHbI, CKOpee BCEero, fiexxaT Ha CaMOW «MOBEPXHOCTU», HO Ha
rpaHmue (CTblike) pasHbiX HayK. AHTEHHLLUMKAM (B OT/IMYME OT APYrux y3kmx cneuma-
JINCTOB) caenaTb UX Hanbosee NPoOCTo, XOTH, B NPMHUMUME, cneumanicTt ntoboro npo-
dunsa, NOCMOTPEB YEPES CBOE «Y3EHbKOE OKOLLEYKO», HO C «LUMPOKMX>» (0OLLMX)
nosunumin, cnocobeH caenatb TO Xe caMoe.

CnepoBaTtenbHO, Aeno 3a manbim! Hy>XXHO NPOCTO yBMOETb B OKPYXKAIOLLLEM HAC
MHOroo6pasnu BELLLECTBEHHbIX 1 MNONEBLIX GOPM O4EPTAHNSA 3HAKOMbIX HAM aHTEHH
(vnun gpyrnx TMNOBbLIX YCTPOWCTB, CO3[aHHbIX YENIOBEKOM) U MPUMEHUTbL K HAM CBOWU
npodeccmnoHasnbHble 3HaHUsA. Ho 4ns 3TOro HyXXHO C 0BLMX MO3ULMIA NOCMOTPETb
He TOJIbKO Ha aHTEHHbI, HO U Ha BECb OKPY>XXalOLLMIA HAC MUP, HA OCHOBY HaLLIEro
Mupa.
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