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I'JIABMAH f. 1., KOPUIYHOBA H. B, THMO®EEBA A. A,

YJAYYIWEHUE OCEBOM CUMMETPUU TJJABHOTO JIENECTKA
U CHUKEHHUE YPOBHSt BOKOBOI'O U3JIYYEHUSA
PYNNOPHBIX AHTEHH

PynopHble aHTEHHBl IIKPOKO HCMOJL3YIOTCH Kak
CaMOCTOSATEJIbHO, TAK W B KauecTBe oOJydaTesed 3ep-
KaJabHblX aHTeHH, CYIeCTBYeT MHOIO Da3/HYHBIX MO-
AnduKaUMA PYNOPHBIX aHTeHH: cHH(asHble W pacda-
3HPOBaHHbIE, KOHUUYECKHE M NHPAMHIAJbHbIE, C H3JO-
MoM 06pa3sylonleli # TOBOPOTOM OCH, C IVIAJAKHMH CTEH-
KaMH H KaH4BKAMH CaMblX Pa3/JHUHBIX KOH(HIypauui
" Ap.

Kaxzass MoaudHUKALMS HUMeEeT CBOH JOCTOHHCTBA
H HeJOCTATKH., B mociefree BpeMsA IOSIBUJAACh TeH-
JACHLHSA YJAYUYIIEHHSI XapAKTEPUCTHK PYNOPHHIX aHTEHH
nyTeM cOoueTaHHs B OOUIEH KOHCTPYKIHH MOJOXKHTEJb-
HBIX CBONCTB, NPHCYIIHX 10 OTAEJbHOCTH HECKOJbKHM
BHJaM PYyNOPOB, H YCTPaHeHHS IO BO3MOXKHOCTH HMe-
IOIMXCs y HHX HeLOCTATKOB.

FlzpecTHB M IIHPOKO NPHMEHSIOTCA pac@asupo-
BaHHbIC PYHOpPHLlEe AHTEHHBI, OJAHOH U3 MOAMGHUKALHH
KOTOPHIX SIBJISIeTCS PYIOP € H3JoMOM obpasyiomei [1].
OcHoBHBle OTJIHYHTE/IbHEIE OCOOEHHOCTH 3TOrO pyIo-
pa — WHpOoxUHA pabouui AMATNA30H U XOPOolllee ecTecT-
BEHHOE COIrJ1acOBaHHEe ¢ NHTAOHIHM TpaxToM. Kpome
TOTO, OH II03BOJAET NOMYYUTH OCECHMMETPHUHYIO AHar-
pammy wanpasaeuHoctd (JAH) 1o yposua —10..
—20 1B B coueranuum c HU3KHM ypOBHEM GOKOBOTO
u3ayuenus. Jlyumas oceBas CuMMeTpHS H 0oJjee HH3-
KHA ypoBeHb GOKOBOrO H3/ydeHHs MPHCYLH Pynop-
HBIM aHTEeHHAM C KaHABKAMH Ha BHYTPEHHUX CTEHKAaX,
OAHAKO HX COlJacOBaHHe ¢ NHTAIOLMM TPAKTOM 3Ha-
YHTEJBHO XyJKe, 4eM y PYNOpPOB C H3J0MOM 06pasy-
IOLIeH, HMEIOLHX TJIagKHe CTeHKH. Pynopsl ¢ couyera-
HHEM BCeX INPHBEAEHHEIX MOJOXHTEJBHBIX CBOHCTB
A0 HACTOSILIErO BPEMEHH He ONHCAHBL

B n1auHoit paGore mpuBeleHb pe3yJbTaTh paspa-
GOTKH M 3KCIEPUMEHTAJIBHOrO HCCJAeA0BAHMS DymNoOp-
HBIX aHTEHH C yJy4YlIeHHOH oceBO# cUMMeTpueH rJjaas-
HOro JienecTka ¥ NOHHKEHHBIM YPOBHEM GOKOBOTO H3-
JyYeHus, IPHYEM B cJyyae HeODXOAHMOCTH TO MOMKET
ObITb TOCTHIHYTO NPH COXPAHEHHH XOPOIIEr0 eCcTeCT-
BEHHOrO COTVIaCOBAHHA PYIOpa ¢ NHTAKOMIHM TPaKTOM,

B xauecrse 6aszomoro Bapuanta BHIOpaHa cxema
PacgasupoBaHHOro Pynopa ¢ usiomom 06pasyouiei
(PPH), B koTOopoMm naubiefiiee yayuluenne oceBoil

CHMMETDHH [JIABHOIO JIeMECTKA U CHHXKeHHE YPOBHS
GOKOBOT0 H3JyYEHHS BO3MOMKHO HECKOJBKHMH IyTS-
MH: TIPpHMeHeHHEM HAacalOK C MNOTJOIIAIOUIHM MaTe-
puasoMm [2], HaBeceHHeM KaHaBOK Ha BHYTPEHHHE
CTeHKH pymnopa BOJAM3H packphiBa [3], mpumenenuem
JHATOHAJBHOIO THTAHUA (B NHPAMHAAJBHOM PyMo-
pe) {4l.

[TepBeift cnoco6 no3BoJsieT YMEHBIIHThH YPOBEHB
GOKOBOr'0 M3JYYEHHS 3a cUeT [OIJIOLIeHHS YaCcTH 3Hep-
r¥d, YTO MeHee KeJaaTeJbHO, UeM ee pasyMHoe mepe-
pacnpelenenue. Bropoit cmocol, Hapany ¢ HOJOXKH-
TeJMbHBIM 3(P(HEKTOM, JaeT W OTPUILATEIbHBIA — YXYA-
maer corjacosanue. Tperuit crnocof, moxanayH, HaH-
foJiee ONTHMAJEH, HO 3HAYATEJNBHO YCJHOXHSCT KOH-
CTPYKLHIO pymopa.

Hau6osee npocThiM # HageXHBIM CIOCOBOM yJayd-
IIeHHsT OCeBON CHMMETPHH TJIABHOrO JIeNeCTKa ¥ CHH-
KeHus ypOBHS OGOKOBOro M3JydeHHUs Ge3 yXyAlleHHs
(r1M Jaxe NPH YJAYUIIEHHH) COTJIACOBAHHUA C IHTAIO-
IIUM TPAKTOM S$iBJfieTCS BBeJeHHe eille OJHOr0 H3JIo-
Ma obpasywomel. OgHako 3)(PeKTHBHOCTb 3TOrO CIO-
cofa Maja. 3HauuTe bHO Oosiee cHJbHBIA 3¢ dexT Ge3
YXYALIEHHS COTJIAaCOBAHHSA MOJYy4aeTcst B TOM CJaydae,
€c/M Ha JIONOJIHUTEJBHOM H3JI0Me (HM3J0Max) Hape-
3aThb UYETBEPTHBOJHOBBIE KAaHAaBKH, T. €. JAOMNOJHHUTh
PPM Hacanko#i ¢ kaHaBkaMy, yroJ pacTBopa KOTO-
po#t BrIOpaH onpeaeseHHLIM 00pa3oM.

BriGop yrsia pactBopa HAacagkH B 3HAUHTEJNbHOH
CTeNeHW 3aBHCHT KakK OT reOMETPHYECKHX pa3MepoB
ucxoxHoro PPU, Tak u or nocTas/ieHHOR LeJaH —
yaydileHue oceBoll cummerpuu [H, yseiuuenue kpy-
TH3HBl CKATOB IVIABHOTO JENECTKa HJAM yMeHbIUeHHe
yPOBHA GOKOBOTO H3JyueHHS B OTpEAESeHHOM CeKTO-
pe yrJioB. B3aumocBsizs Mexy yrJaoM pacrBopa Ha-
CaJXKH M NOCTABJCHHON Le/Abi0 MOXKHO NOSCHHTH, NPO-
aHaJAH3HPOBAB TNPHHLIHMI pabOThl Pynopa ¢ H3JOMOM
obpasyomei.

Pynop ¢ usjgomom obpasyiouteit (puc. 1) coctouTt
H3 MOCAeJ0BaTeTbHO PACNOM0XKEeHHBIX H COeJMHEeHHBIX
vMexay coboft kpomkamu cundasnoro pynopa I u pac-
(asuposanHoro pynopa 2 (uupoxoyroabsoro). Ha-
npaBjiedHble cBOWCTBA 3TOr0 pynopa oONpeleasiloTcs
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Puc. 1

NPSIMBIM H3JIyueHWeM cHH(pa3HOro pynopa H Aubpax-
[IHOHHBIMH TOJAMH (IEPBOTO H NMOCJEAYIOWHX NOPSA-
KOB MaJnocTH) P, Py, P; u Py JudpakunoHusle noas
P, u Py akTHBHO Y4acTBYIOT B (OPMHDOBAHHH I/aB-
HOTO JIeTlecTKa, NHPHHa KoToporo no yposHwo —10 b
NPHMEpPHO paBHA yray pacTsopa pynopa 2, T. €. 2as.
CHMMeTpHpOBaHHe TJIABHOTO JEMecTKa 3a CyeT H3-
JoMa o6pasyolled Ha cedeHHH d; NPH ONTHMAJbHbIX
pasmepax pynopa [l] OpOHCXOZHMT, Kak NpPaBHJIO, B
CEeKTOpe YIJIOB HeCKOJbKO OoJbllieM 2o, Kauasky,
pacrnoJioKendble Ha BHYTPEHHHX CTeHKax pynopa 2
HJH UX NPOLOJOKEHHH B HanpaBienuu ayueii 1" u 17,
He TOMBKO CHHIKAIOT YPOBEHb OOKOBOTO H3JAyuYeHHS, HO
W OKasblBAtOT CYIIECTBEHHOE BjuAHUe Ha GOPMY T1aB-
Horo Jenecrka. [losromy, ecad HeoOXOZUMO OKa3aTh
BJMSIHHE Ha KDYTH3HY CKATOB TIJIaBHOTO JIEMecTKa,
yroJsl pactBopa HacalAku 2 oy (puc. 2) HOJXKEH YIOB-
JIETBOPATH YCJAOBHIO
a<<aa<B, (H
rie B — yros, o6pasoBaHHBEIA OCblO pymopa H JydaMu
2"u 2.

Puc. 2

Yposenb 60koBoro usayuenuss PPU onpeneasercs,
B OCHOBHOM, JAH(DpPaKUHOHHBIMH TOAAMH Ps u P,
Bxaan noae#t P; u Py B HanpaBjeHur NPOTHBONOJNOXK-
HBIX KPOMOK pymnopa orpaHnHuyeH HanpaBJjeHuem 90°,
a BOJIM3K COOCTBEHHOH KDPOMKH — CTEHKAMH pyropa
(npu yuere moJiefi nepBOro NOPsiAKa MaJOCTH).

Takum o6pasom, Gojee TayGOKOe TMOAABJEHUE TMO-
Jsi B HAIPaBJEHHU O=f NOJIYYUTCH NPH ay=f, B Ha-
npasaenun Jgydeh 3" u 3”7 npu ax=90° B HampasJe-
Hud Jayuelt 4 u 4" npu an=ay+90°. [lanbxefiinee
yBeJHUEHHE oy Helledecoobpa3HO, Tak Kak ypOBEHb
IUPPAKUHOHHEIX ToJel NOA AaJbHHMH YIJaMH He-
3HAYUTENEH W BJUAHHE HAcaAkH OYAeT  CJAHIIKOM
MaJIo.

B ofuiem cayuae BeqwunHa @y AOJAKHZ YAOBJET-
BOPATb YCJIOBHIO:

ao< o< (2 +90%). (2)

Brifop onTHMaJbHOrO 3HA4YeHHs yria pacrtsopa
HacajJku 204 3aBHUCHT He TOJBKO OT Ie€OMETPUYECKHX
pasMepoB pynopa M KOHKPeTHOH LeJH, HO H OT BeJH-
YHHBL COOTBETCTBYIOUINX Au(PpakUHOHHLIX mogelt. T1po-
BeJleHHble HCC/IeLOBAHHA [OKa3aJH, YTO HaWIy4IIHH
CYMMapHHH De3yJAbTAT NPH HCHOJNB30BAHHH HACalKH
C OJIHUM H3JIOMOM IOJy4aeTcs IPH

anza2+45°. (3)

B 3aBHCHMOCTH OT NIOCTABJEHHOH LE.IH BO3MOXKHO
HCIIOJIb30BAHME HACAAKH He ¢ OAHHM M3JOMOM, 3 C
HeCKOJbKUMH, KaXIblH H3 KOTOPLIX OKa3bIBAeT HaH-
fosiee CHJbHOE BJHAHHE Ha OLHO U3 JU(BPAKLUHOHHBIX
noJiefl, IpH 3TOM YrJ/bl pacTBOpa HacaAoK BHOHPaioT-
C B COOTBETCTBHH ¢ BEIpameHusMu (1)—(3).

C uesabio NMPOBEPKH BHICKA3AHHBIX BHIIE MPEANO-;
JIOXKEHHH OBl M3rOTOBJEH H HCCJAEAOBAH KOHHYECKHH
pynop c¢ u3j1oMoM ob6pasyiouleii, pazpaboTaHHbil AJd
o6ayvyawlieli cucTeMbl OAHOH 3 anTedd tuna AJlD. .
ITOT Pynop HMEET HECKOJIBbKO CMEHHBIX HACcaL0K ¢ 4erT-
BEPTbBOJHOBBIMHY KaHaBkaMu. O6pasywinnue Hacalok
COCTABJIAIOT C OChI0 PYNOPA YIVIBL: ay=te=22,3% otu=
=P=45° ay=o0;+45°=67,5°; ay=90°. Hacagxku c
YIJIOM ay=22,5 u 67,5° u3roToB/seHb B JIBYX BapHaH-
Tax: ¢ KaHaBKaMH u 0e3 HUX. )

Ha puc. 2 nokasana cxema pymopa ¢ HACaiKoH,
UMelolleH KaHaBkHd; Ha puc. 3 npusedensl JH atoro
pynopa, u3MepeHHble B IiepeAHEM NOJyNPOCTPaHCTBE.
I'eomeTpryeckue pasMepbl pynopa ONTHMH3HPOBAHBL
anasi guanasona 8 I'Tu. MsmepeHust NpOBOAMIHCH B
O/uXKHEH 30HE B COOTBETCTBHH C PeajibHbIM PacHosio-
JKeHHeM pDYIopa B cXeMe aHTeHHBl, AJ KOTOPOH OH
6b1 paspaboran. Cymmapuas pacdazupoBka pynopa
6e3 Hacalkd B OJHI)KHed 30He COCTaBHJIa Ags =%
= 1,51 (Aps =Agp-Ags, rae App=0,52n — cobeTreH-
Has pacdasupoBka pynopa; Ags=0,99% — pacdaszu-
POBKa H3-32 PACCTOSHHA).

Cpasuenue [IH, npuseaeHublx Ha pPHC. 3, MOKa3bl-
BaeT, 4TO HauboJiee BHICOKMH YpOBEHb OOKOBOTLO H3-
JyueHust HabJ/iofaerca y pynopa 0e3 Hacaaxu. Ilpu-
MeHeHHe HACaAKH C KAaHABKAMU C oy=cp=22,5° n03B0O-
JISIeT 3HAYHTEJNBHO CHH3UTh YPOBEHb OOKOBOrO H3JY-
YeHHS, HO NPH 3TOM NPOHCXOIHUT M 3HAUHTEJbHAA jge- '
dbopmanus ¢QopMbl TIJIaBHOro JenecTka B [pelenax
pabouero cextopa yriaoB (MPH UCMOJE30BAHUH Pynopa:
B KauyecTBe 00jayuaress YPOBEeHb OGJY4eHHR KDOMKH'!
3epkaJsa BeiOupaercsa oberuHo —12...—15 1B, 1. e.
pabounit ceKTOp YIVIOB JAJisi AAHHOTO pynopa COCTaB-
asger +28°). Tipu ay,=p=45° necdopmauus rJaBHOrO
JIemecTKa NPAaKTHYECKH OTCYTCTBYET, KPYTH3HA €ro
CKaTOB 3a NpefesaMu pabodyero CeKTopa CHJbHO yBe- !
JIHYUBAETCS, YPOBEHb OOKOBOrO H3/Y4YeHHS NOAABJAfA-'
eTCs NPHMEPHO B TOM JKe CEKTOpE, UTO U 5 oy =22.5°
HO TIOSIBJISIETCH SIPKO BbipazkKeHHbili OOKOBOH J1enecToK.
[Tpu ucnosb3zosaunu Hacaaku ¢ a,=90° cyiecTBeH-
HBIX HM3MeHeHWH B mpelesax T.JaBlIOTO JeNecTka Je |
Ha0.1101aeTcs, HO ypoBeHb 0/1HKHEro OOKOBOIrO H3Jy-
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YeHHS NMOAABJSETCS B MeHbIIeH CTeNeHH, ueM IpH HC-
MONB30BAHMH ABYX NpPeABIAYLIHX Hacalok. HauboJab-
Wil MHTepec MPejiCTaB/sgeT Hacalka C =0y~ 45°=
=67,5°, mpuMeHeHHe KOTOPOW He HCKaxaeT bopmy
I1aBHOTO JemecTka B Tpefenax paboyero cekropa yr-
J0B, B TO BpEMsl, KaK 3a IpelejaMu pabouero CeKTO-
pa KPYTH3Ha CKaTOB IJIaBHOTO .IEMecTKa 3HAUUTE]b-
HO yBeJWuMBAaeTCs, a MoJjie Crajaer NJaaBHO, 4TO Xa-
paktepuo aas mjockoctsn H. Tlpu 3TOM TIOA@B/CHHE
noas 10 ypoBHs -—55 1D NpOHCXOHT B fosee ILHPO-
KOV CceKTope YIJIOB.

Ha puc. 4 npusezensr [H pynopa ¢ nacaiako#
(0, =67,5°), umeromell xauasku. Msmepenus TpOBE-
JeHB B GauKHed soHe B miockoctsx E u H (nenpe-
PHIBHOK M IITPUXOBOH JIHUHHAMHU COOTBETCTBEHHO) Ha
Tpex wacrorax paGouero AamasoHa. [lpn naanyny
Hacazke naGmonaercst cpmMerpuposanne JH no
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HMEIOIIHMH Pa3HOe KOJMYecTBO KaHasok n=1,4 1 8
(ITPpHUXOBOH, TOUEUHOH M HENPePHLIBHOA JUMHHUAMH CO-
OTBETCTBEHHO) TnpuBedeHH Ha puc. 5. CpaBHEHHe IO-
Ka3blBaeT, 4TO JaXe OJHA KaHaBKa OKa3blBaeT Cy-
HIeCTBEHHOE BJHAHWE Ha YPOBEHL OOKOBOTO H3Jyde-
HHS.

Oas onpenenenus BiusHHA Pa3JHYHBIX HACaloK
Ha COTJIaCOBAHHE PYNOpa ¢ MUTAOUIUM TPAKTOM H3Me-
ped k03D GHIHEHT OTpPaxKEHHd Ha BXOAe PyIopa B
IMUPOKOH Noaoce yacToT. Pe3yabTaTl u3MepeHudl npu-
BejeHbl Ha puc. 6. HenpepsiBHoll JHHHell MOKazaHa
3aBHCHMOCTH OT 4YacTOTH KO3 (hUIIHEHTa OTPaKeHHs
B pynope 0e3 HacalIkd, IITPHXOBOH — pynopa c Ha-
cankoli (a,=67,5°) 6e3 KaHABOK, WITPHX-IYHKTHPHOH
H WTPUXOBOH C KPECTHKAMH — Pylopa ¢ HACaAKaMH,
UMEIOUIMMH KaHaBkKH (0,=675" u a,=22,5° cooTBer-
creerno). CpaBHeHHe TOKasblBAeT, HYTO 3aMeTHOe
BJMSAHHE HA COTJiacOBaHHe PYNOpa OKa3kIBaeT Hacal-
Ka C O,=0ae=22,5°

[IpennoxeHHbI MOAXOA K BHIOOPY yrja pacTBopa
HAacaJKH CIPABELJHB HE TOJBKO 1Jf PYNOPOB C H3JO-
MoM oOpasyionieli, UMeIOIUX TrAajKue CTEHKH, HO U
nst cuadasueix u pacdazupoBaHHHIX PYIOPOB, BHYT-
peHHHe CTEeHKH KOTOPBIX H3pe3aHbl KaHaBKaMu. [lpu
9TOM HAacaJKH, Kak U B NePBOM cjydae, MOI'YT HMEThb
ORMH HJM HECKOJbKO H3J0MOB. [luarpaMMbl Hanpas-
JEHHOCTH OAHOTO W3 TAKHUX PYNOPOB, HMEIOHIEro
App=1,2 ... 1,97, usMepeHusle B J1aJbHedl 30He Ha He-
CKOJIbKHX YACTOTaX, MOKa3aHbl Ha pHc. 7 (HenpephiB-
HOM W IITPpHXOBOH JWHHAMH Aaag na. E un H coot-
BETCTBEHHO). ¥YTOJ pacKkpbeiBa HCXOLHOrO pynopa
cocraBaser 50° a wacamoxk — 89, 158 wu 180°.
Kanapkn Hapesansl Ha BHYTPEeHHHX CTEHKAX pyrnopa,
HauWHasi OT BOJHOBOJAHOIO BXOAa, riybuHa KaHABOK

=T 1 | 15% |

8

Ha HHXKHell YacToTe NPHMEPHO paBHA YeTBePTH AJH-
Bl BOJHH. B 3TOM pynope cHMMETPHpPOBaHHe TO
NJAOCKOCTSIM jJocturaer yposus —45..—50 1b =
Gosbiied yacTu guanaszona, Ha puc. 8 npusenens J1H
3TOr0 e Pynopa, uaMepenHsle Ha yacrore 8,76 [y,
NPH HAJHYHH HA DPYNOpPe PaszHoOro uHcada HacaZok
(IITPUX-TYHKTUDHON JuWHHel — Ge3 HacajoK, IHTPHUXO-
BOH — and a,=44,0°, HenpepbBHOH — AnA o, =445
v 79°). Ilpu yMmeHbUIeHWH uHCc/Ja HACALOK (4Mcja H3-
JIOMOB) mnOJOXKHUTeabHbHA 3ddert ymeubwaercs. Co-
raacoBaHHe 3TOr0 pynopa 06e3yc/JOBHO 3HAUHTENbHO
XyXe, yeM NpPeABAYIIero, HO B PAAE CJAyyaes, KOrja

CorjacoBaHMe He Hrpaer pellawomed poJH, BHOOD

MOXKeT OBITb OCTAHOBJEH HMEHHO Ha 3TOM pYHOpe.

[Tposenennbie 3KCMepUMeHTAIbHBIE HCCACLOBAHUS
I0Ka3a/H, YTO ¢ NOMOUIBIO HACaJ 0K MGXKHO c(popMu-
posath Tpebyemyo JIH, ofecneuns npu neobxonu-
MOCTH XOpoOllee COracoOBaHHe DyNopa ¢ MHTAOUIAM
TPaKTOM B WKHPOKOM MHAMA3Z0HE YaCTOT.
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