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CIIUCOK COKPAIIIEHUI

AA — aKTUBHAas aHTECHHA

ATl — aHTEHHA-TeHEPATOP

Al — aHTEHHA-JETEKTOP

AM — aMIUIUTyAHAas: MOAYJIALIMS

AMA  — aKkTuBHas MarHuTHAasl aHTCHHA
All — aHTEHHa-MpeoOpa3oBaTeb

AY — AHTCHHA-YCHUJIUTEIIb

AYM — aHTE€HHa — YCWINTEINb MOIIHOCTH
AD — aKTUBHBIN QUIBTP

AUX  — aMIUIMTYyAHO-4aCTOTHAsI XapaKTEPUCTUKA
AD — AKTUBHBIN DJIEMEHT

/1B — JJIMHHBIE BOJIHBI

JIAMB  — neuuMeTpoBbI€ BOJHBI

ay — nuddepeHInanbHbIi yCUIUTENb
KB — KOPOTKHE BOJIHBI

MA — MAarHuTHas aHTEHHA

MB — METPOBBIE BOJIHBI

MII — MarHuTHOE I10JI€

OOC  — orpuuarenbHas oOpaTHas CBS3b
oC — oOparHas CBs3b

ITA — IIpUE€MHAas aHTEHHA

CB — CpEIHHUE BOJIHBI

CMB  — caHTUMETPOBBIE BOJIHBI

S — YCHUJIUTEIIbHBIN SJIEMEHT

YPY  — ycunurens paaiuodacTOThl

YKB  — yJIbTpakopOTKUE BOIHBI

[ITAMA — mmMpoKONoJIOCHAas AKTUBHAsI MarHUTHASI aHTEHHA
DA — DJIEKTPUYECKAsA AHTEHHA

OJAC  — 3MeKTpOoaBMKYIIIAs CUJIa

oIl — DIIEKTPUYECKOE T10JIE



1. MACCUBHBIE MATHUTHBIE AHTEHHBI

1.1. OcHoBHBIE TeOpeTHYECKHE CBEICHUS

[lepemaua nHbOpMAIIMK C TTOMOIIBIO AJIEKTPOMArHUTHBIX BOJH (IOJEH), pac-
IPOCTPAHSIOLIMUXCSA B MIPOCTPAHCTBE, MPEAINOIaracT Halu4Kue B MyHKTe nmpuéma I1A,
OCYUIECTBIISIONIEH O0OpaTHOE MpeoOpa30BaHUE HYHEPTUU AIEKTPOMATHUTHBIX BOJH B
SHEPIrUI0 BBICOKOYACTOTHBIX TOKOB. DJEKTPOMAarHUTHOE T0JIe, KaK W3BECTHO, MPEJI-
CTaBJIsieT cOO0M HEpa3phIBHYIO COBOKYITHOCTH 3JIEKTPUUYECKOTO U MATHUTHOTO TOJIEH.
DTO MO3BOJSIET PEAM30BaTh JBE BO3MOKHOCTU PETHCTPALMHU SJIEKTPOMATHUTHOTO
MOJISI B 3aBUCUMOCTU OT HEKOTOPBIX UCXOAHBIX yciaoBuid: B Buae D11 wim MIL.

Cy1iecTBYIOT JIB€ pa3HOBUIHOCTHA MCTOYHUKOB WIIM MPUEMHUKOB 3JIEKTpOMAr-
HUuTHOTrO Nojsi — DA u MA. CoriacHo BTOPOMY YPaBHEHUIO 3JIEKTPOMATHUTHOTO
noJis MakcBeiia B MHTErpaibHOoi opme [1]

§EdI=— | a];H dS,; (1.1)
LOS SOL
rae {3 — MHTETpal 110 3aMKHYTOMY KOHTYpPY Log;
L 0os
E — Bexrop HanpskénHoctu OlI;
dl — mnpousBeeHNE EAMHUYHOTO BEKTOpA JUIMHBI, HAMPABICHHOTO 10
KAacaTeJIbHOM K 3JIEMEHTY JJIMHBI, HA DJIEMEHT JIJINHBI;
OBy .
x MIPOU3BO/IHAS IO BPEMEHU BEKTOpa MarHUTHON MHAYKuuu MIT;
I — UHTErpall 10 NOBEPXHOCTH Spr, onuparonieics Ha KOHTYp Los.
S OL

VYpaBuenue (1.1) csaszsiBaeT 3/1C, HaBOAUMYIO B IPOBOJIAIIEM KOHTYPE, C U3-
meHnenreM Bo Bpemenu MII. D/1C, naBoaumas B DA, nponopuuoHaibHa BeKTopy E u
paBHa

ex = Eh,, (1.2)

rmae h, — ne#icTBytomas BeicoTa DA.

OJIC, naBogumasi B MA, nponopunroHaibHa ckopoctu usmenenus MII Bo Bpe-
MEHHU:

e = onapoHS 4, (1.3)
rJIe ® — KpYroBas TeKyIlasi 4acToTa;
Na — YUCJIO BUTKOB aHTCHHEI;
Lo — MarHuTHasi IPOHUIIAEMOCTh BO3/1YXa;
H — nanpsoxénnocts M,
S, — IUIOIIa b BUTKA;
Ly — OTHOCHUTEJIbHAS MarHuTHas MpoHUIIaeMocTh MA.



[upoxum pacmpoctpanearneM MA 00si3aHa CHEIUPUIECKON CTPYKTYPE dJICK-
TPOMArHUTHOTO TIOJIA BOJW3M WCTOYHHMKA W3JIyYeHUs B OMIDKHEH WM
KBa3UCTALMOHAPHOW 30HE.

JIyist OvbKHEW 30HBI OIS AJIEMEHTAPHOTO JJIEKTPUUYECKOTO IO CIpPaBe-
JIMBBI COOTHOMIECHUS [1]:

H = (Ih / 47r)sind, (1.4)
E, =—j(Ih/ 210 &, ")cosh, (1.5)
Eo =—j(Ih/ 410, ))sinod, (1.6)

L]
rae H — BekTop Hanpsik€éHHOCcTH MIT;

E., E¢ — cocTaBistonme BekTopa HanpsokéHaoctr Il

h — mnmHa guIos;

I — BekTOp TOKA;

€, — abCoI0THAsA KOMIUIEKCHAs TUAJICKTPHYECKas MPOHUIIAEMOCTh CPEJIbI;

0 — yroxa HaOMroIeHNS,
I — PACCTOSHUE J0 U3IydaTelis (JUos).

Bripaxenust (1.4)—(1.6) cipaBeyiuBel ajig A >> 1, TI€ A — JUIMHA BOJHBL. U3

BBIpaKEHUN BUJIHO, UTO MAarHUTHAs COCTaBJsIONIAas H MPONOpIMOHATbHA 3HAYCHUIO
2 o o [ ]
1 / r° B oTiuMe OT AJEKTPUYECKON COCTaBISIONMIEH Eq, KOTOpas MPONOPIIMOHAIBHA

spauennio 1 /1 (mpu 6 = 90° cocrasisoas }.Er OTCYTCTBYET).

DT0 00CTOSATEIBCTBO TOBOPUT O TOM, YTO BOJM3HM MCTOYHUKA TIOMEX DJICKTPH-
YyecKasi COCTAaBIISIFOIIAS OIS 3HAYUTEIHHO MTPEBBIIIACT MAarHUTHYIO, @ TIOCKOJIBKY MA
pearupyer TOJBKO Ha MarHMTHYIO COCTABJISIFOIIYIO, TO 3TUM W OOBSCHsETCS €€ To-
BBIIIICHHAS TIOMEXOYCTOWYMBOCTh. BOIM3M HCTOYHNKA MBI HMEEM:

Zojle, (1.7)
H kgr

rae kg — KOMIUIEKCHOE BOJIHOBOE 4HCIIO, kg = 21/ A;
Z.c — BOJIHOBOE CONPOTHUBIICHHUE CPEBI, 1 Bakyyma Z¢c = 1207.
Jliia nanmeHe 30HbI, T1E T >> A, 3¢ddexkTuBHOCTE DA 1 MA onaunakoBa. Ha puc. 1.1
IPEICTaBIICHbI IPUMEPHBIE YACTOTHBIE 3aBUCUMOCTH HAIPSKEHHOCTEW MOoJIel BHEUI-
HuX nomex u3 [2]. I'paduku cooTBeTCTBYIOT 3P PEKTUBHON MOJI0Ce MpoIyckanus |
kl'u. Ha pucynke o6o3naueHo: 1 — cpeanuil ypoBeHb aTMOC(EPHBIX TOMEX JTHEM; 2
— HOYbIO; 3 — IpHU MECTHOM Ipo3e; 4 — CpeAHUIl ypOBEHb MPOMBIILIEHHBIX TOMEX
B ropofie; 5 — B CEIbCKOM MECTHOCTH; 6 — ypOBEHb KOCMHUYeCcKuX nomex. Hebmaro-
IPUATHOE BO3JECHCTBUE MPOMBIIIJIEHHBIX MMOMEX, HAlPUMEP, B Mpefesax KpyHmHOTro
HACEJIEHHOr0 MYHKTa OOYCIOBJIEHO 3HAYUTENIbHBIM pOCTOM HampsbkeHHoctu OIl B

,Z[J'II/IHHOBOJ'IHOBOI\/'I JaCTW 4aCTOTHOI'O AWalla3OHa, YTO HPAKTHUUCCKU BCErJa COOTBECT-
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Puc. 1.1. BHemaue noMexu

CTByeT paboTe paguonpueMHUKa B OnmkHed 30He. CuTyalus MOXKET ObITh 3HAYU-
TEJIbHO YJyYII€HA MPU UCIIOJIb30BAHUM B KAUYECTBE MPUEMHON MAarHUTHON aHTCHHBI.
Kaxk BugHO 13 Beipaxkenus (1.7), DA 3HaUUTENIBHO TIPeBOCX0OAUT MA 10 BeJu-

guHe 3/[C nomexu B OivbKHEH 30HE, TaK KaK ];; >> I.{, MPUYEM C YMEHBIICHUEM ()
(c yBemuueHHeM A) 3Ta 0COOEHHOCTH MHpOosBIseTcss B Oousbiieil crenenn. Otcrona
BUJIHO, YTO MA MeHee yyBCTBUTENbHA K IOMEXE B OJIMKHEN 30HE, ueM DA, mpudéM ¢
YMEHBILIEHUEM (® 3TO MPOsBIsETCs B Oojbluel cremnenu. Takum obOpazom, MA mo-
TEHLIUAJIbHO 00JIe€ MOMEXOYCTOWYMBA MO CPABHEHHIO ¢ DA, KOHEUHO, €CIIU CIIPaBe.l-
JIMBO IIPEANIOJIOAKEHNE, YTO UCTOYHHK AIEKTPOMArHUTHOTO MO — DA.

Jlnis peanu3anuy CBOETo MpeuMyiiecTBa npuémuas MA nomkHa obnagath Mu-
HUMAaJIbHBIM, TaK Ha3bIBa€MbIM aHTCHHBIM 3 dexTom [2], T.e. MA He HOTKHA UMEThH
BBIPOKEHHBIX CBOMCTB DA. Jlist ycTpaHeHUs: aHTEHHOTO 3 (deKTa peKOMEHIYIOTCS
CIEAYIOIINE MEPOIIPUATHUSA:

— npuMeHeHne MA MUHHMAaJIbHO BO3MOXHBIX Pa3MepOB;

— CUMMETPHUYHOE BhINOJIHEHUE MA;

— 3KpaHupoBanre MA.

[IpumeHeHue nepBoro crnoco0a OrpaHUYEHO 3aJaHHOM AEMCTBYIOIIEH BBICOTON
MA. Btopoii cioco6 cBsizan ¢ nmpumenenueM Y. B atom cnyuae DJIC, HaBoaumast
3a cy€T aHTEHHOTO 3¢ (deKTa, BEICTYNaeT B PO CUH(A3HON MOMEXH, CTETIEHb MOaB-
JeHUs1 KOTOpou ompeaesnserca napamerpamu Y. Tperuil cnoco6 ocHOBaH Ha Ipu-
MEHEHHMM JIOTOJIHUTEIBHOIO dKPAaHUPYIOUIETO0 HE3aMKHYTOIO BHTKA IOBEPX BUTKOB
MA.

1.2. JleiicTByIo1Ias BLICOTA MATHUTHOM AHTEHHBI



IIpupaBHuBas eg U ey, napamerpel MA yno0HO BbIpaxkaTh 4epe3 MmapameTpbl
DKBUBAJICHTHOW DA, y4MTBIBasi OJHO3HAYHYIO CBS3b MEXAY Bekropamu nosst E n H.
Takum oOpa3om, neicTBytomas Beicora MA paBHa:

h,=eu/E (1.8)

Kak nokazano B [3], aeiicTBytoiast Beicora MA onpenenseTcsi COrjlaCHO Bbl-
PaXKEHHUIO:

2 S
- %m. (1.9)

3ameTuM, 4To h,; 00paTHO NPONOPLHOHATIFHA A WM MPSIMO IPONOPIHOHAIIFHA YacTO-
T€ KoJieOaHus ®, Tak Kak 21/ A = ® / ¢, T/Ie ¢ — CKOPOCTh pacIpOCTPaHEHUs CBETA B
BaKyyMe.

OTHOCHTENbHAS MarHUTHAS POHUIIAEMOCTh MATHUTHON aHTCHHBI TTOKA3bIBACT,
BO CKOJIBKO Pa3 M3MEHSETCS MHIyKTUBHOCTb OOMOTKH aHTEHHBI NMPHU HAJIUUUHU Cep-
neunuka. OHa OnpeaenseTcs, UCXO0 U3 HaYalbHONH MarHUTHON TMPOHUIIAEMOCTH Ma-
Tepuaja CepAeuHUKa [L, €F0 TEOMETPHUUECKUX Pa3MEPOB U pa3MeEIlIeHUs] OOMOTKH Ha
CepACUHHKE:

a

MA = MAmax\V(Xa Y), (110)

rIIe Mamax OTIpEEIsieTcsa u3 puc. 1.2;
Y(X, Y) — QyHKIus, yUUTHIBAIOIIASI MECTO PACIOIOKEHNU OOMOTKHU Ha Cep-

neynuke (puc. 1.3);
X=a/0,5l;Y=I/I.

BreipaxkeHne s 1eMCTBYIOIIEN BBICOTHI MOYKHO 3aIIMCaTh B CIEIYIOIIEM BUJE:

h; = hyma@(X, Y), (1.11)
rac

Bymax = 1,25 - 107fd,+/1, uAmaXLj—c 1+ j—c . (112

k k

B dopmyne (1.12) yurena cieayromas pa3MepHOCTh BXOJSAIIUX B HEE BEJIH-
9uH: hype — MM, f— MI'n, d, |, di — oM, L — mMxI'H. @ynknus ¢(X, Y) B (1.11)
paccuuThIBaeTcs o Gpopmyre

(1-0,765X* —0,255Y>)(Y +0,45d, /1 )
0,1+ Y(1,08—0,424Y) '

Ha puc. 1.4 nanecena orufaroias cemMeicTBa, yI0BIETBOPSIONIAs PAaBEHCTBY
Y =1 — X. Bocnosib30BaBUIKCH €10, MOKHO MPH 33IaHHONH OTHOCUTEJILHON IIUPHUHE
HAMOTKHM KaTyWIKH Y ONPEACIHTh MPEAEIbHO BO3MOMXKHOE CMEIICHUE KaTyIIKH OT
LIEHTpPa CEPJACUYHHUKA U, COOTBETCTBEHHO, CTEIIEHb YMEHBIIICHUS JIEMCTBYIOLIEH BBICO-
Thl AHTEHHBI 110 CPABHEHUIO CO 3HAUYCHUEM h jax.

o(X,Y)= (1.13)
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1.3. Cnoco0blI yBem4eHus1 AeHCTBYOIIEH BbICOTHI AHTEHHBbI

Brimie 6bu10 IOKa3aHO, YTO MAaKCUMAJILHOE 3HAUYCHHE ACHCTBYIOMICH BBHICOTHI MPU
3aJaHHOM MHIYKTUBHOCTH AHTEHHBI ITPONOPIIMOHAIIBHO CJIEAYIOIIEMY BBIPAXKECHHIO:

hymax = de /LA oy - (1.14)

B nmmamnazonax 0,15-1,6; 4-12; 618 u 12-27 MI'l1, Tie ucnoib3yroTcs Geppu-
TOBbIE MaTepuajbl ¢ HaYyaJlbHOM MArHUTHON MPOHUIIAEMOCTHIO COOTBETCTBEHHO L =
= 2000-600, 150, 100 u 50, 3aBUCUMOCTD [amax OT l. / dc, OmIpenensiemast BeIpaskeHH-
em (1.10), mokeT ObITh alMPOKCUMUPOBaHA JIMHEWHON (pyHKUIMEH [3]:

I /d
max A, 115
Ha M(p(lc/dc) ( )
rac
o(l./ d) = ., 0.765(u-1)(In2l,/d, ~1) (L16)

d, l./d,
N3 npexacraBnennoro Ha puc. 1.5 rpaduka BUAHO, YTO AJI1 Pa3MEPOB CEPCU-
HUKOB |, / d. << 10 dynkmus ¢(l. / d.) npakTrdeckn He U3MEHSIETCA. DTO MO3BOJISCT

BUJIOM3MEHUTH BbIpaxkenue (1.14):

Hymax = le A/d . (1.17)
1./d,
®(l./d.) =100
0,3 L —
bl /
/
0 ] —T ul=150
T~ - 700
0,1
12 16 20 1./d,

Puc. 1.5. I'pacdux dynkuum j(/, /d,)

Takum obOpazom, yem aiuHHEEe (HEepPUTOBBIA CEpACUYHUK, TeM OOJIbIIE NEHCT-
BYIOIAsl BHICOTA aHTEHHBI. [I[pakTHYECKU CEpACUYHUK CIEMYyEeT BHIOMPATH MPEAEIbHO
OOJIBIINM, HACKOJBKO TO3BOJIICT KOHCTPYKIMS TpueMHHKA. Bripaxkenue (1.17)
MOXHO MpeoO0pa3oBaTh, €CJIM BBECTH 00beM V.:

R

3 2
4ﬂﬂlc=A < V..
n 4 T

3
41/4'C \A (1.18)
T

[Ipu 3apaHHON JJIMHE CEPACYHUKA JACHCTBYIOIIAs BBICOTAa AHTEHHBI TPOTIOPIIUO-
HaJbHAa KOPHIO YETBEPTOM CTENEHU U3 00bema (WM MacChl) CeplieUHUKa, NSl yBe-

h4umax =A

Torma

h;[rnax



audyeHus: h, BaBoe (mpu 3alaHHOW AJIMHE) O0BEM WM Macca CEepACYHUKA JOJKHA
ObITh yBeNMYEHa B 16 pa3. 3aMeTHM, YTO MOJYyYEHHBIN BBIBOJ BEPEH MPHU TEX 3HAYE-
HUsIX | / d. w0 W, IUTSE KOTOPBIX CIIpaBeUIMBa JIMHEHHAs almpoKcUManus (yHKIHHA
HAmax = f(lc / dc)

JlanpHeiiee yBeIu4YeHne JeMCTBYIOIIEH BbICOTBI aHTEHHBI ITPH 331aHHOM 00be-
ME CTEPKHSI MOKET OBITh IOCTUTHYTO 3a CYET UCIOJIB30BAHMSI M CTEPKHEN, KaXKIbIi U3
KOTOPBIX CHA0KEH OTJEIbHOM, ONTUMAIILHO PAcMoiIoKeHHOM 00MOoTKOM. IIpu 3TOM Bee
CTEP>KHU JIOJKHBI OBITh PACIOJIOKEHbI HA TAKOM PACCTOSHUM, P KOTOPOM IpaKTHye-
CKM OTCYTCTBYET MAarHuTHasl CBsI3b MEXAY OOMOTKAMH, MOCJIEIOBATEIBHO COEIHHEH-
HBIMU JIpyT C APYyrom. B 3TOM ciy4yae MHIYKTHMBHOCTh Kaxa0i oOMOTKH Lo B m pa3
MEHbILIE HOMUHAIBHON MHIYKTUBHOCTH L. Y4UWThIBas, YTO MHIYKTUBHOCTH OOMOTKH

POIMOPLIMOHATbHA KBAJPATy €€ BUTKOB, YUCIIO BUTKOB B KaXKJI0M 0OMOTKE Ny =n / Jm,
/1€ N — YUCJIO BUTKOB OOMOTKHU OJTHOCTEPKHEBOW aHTEHHBI.

Tak kak Bce KaTyIIKd MPOHU3BIBAIOTCA OOIIUM IMOTOKOM, PE3yJIbTUPYIOIIas
OJC, unnyuupyemas MII curnana Bo Bce 0OMOTKH (B Clydae UX MOCIEI0BATEIbHO-
r'0 COEJIMHEHMUS), ONPEETSAETCS CIEIYIONUM 00pa3oM:

ipe3=hﬂE=%=n\/E, (1.19)
m

a 3TO O3HayvaeT, 4yro cymMmapHas J/[C, HaBoguMass B MHOTOCTEP>KHEBOW AaHTEHHE,

BO3pACTAET B Jm pas, 4TO paBHOCUJIBHO TMOBBIICHUIO JEUCTBYIOIIEN BBICOTHI B Jm
pa3. Tak kak oOmuii 00eM m GEeppUTOBBIX CTEPKHEW B m pa3 0oJibllie o0beMa oj1-
HOT'O CepJIEYHUKA, Pe3yIbTUPYIOLIas AeCTBYOIIas BbIcoTa OyIeT MPONOPIUOHAIbHA
KBaJIpaTHOMY KOPHIO U3 00bEMa CEpJIEUHUKA:

h,= .V, . (1.20)

CpasnauBas (1.18) ¢ (1.20), BUmHO, 4TO MpU paBHOM AEUCTBYIOIIEH BHICOTE
MHOT'OCTEp>KHEBAsi aHTEHHA TPEOYET CYNIECTBEHHO MEHBIIUX 3aTPaT MAarHUTHOI'O Ma-
TE€pUaJIa, YeM OJIHOCTEPKHEBAS AHTCHHA.

N3 (1.14) BuaHO, YTO MOBBILIEHUE JAEHUCTBYIONIEH BHICOTHI MA BO3MOXKHO 3a
CYET YBEJIMYEHHUS TEOMETPUUECKUX Pa3MEPOB cepaeuHnKa. OQHAKO 31€Ch BO3MOKHO-
CTU OTPAHMYEHBI CTAHJIAPTHBIM HA0OPOM THUMOPa3MEPOB (HEPPUTOBBIX CEPJICUHUKOB,
npeacTaBiaeHHbIM B Ta0d. 1.1. 3 taba. 1.1 u 1.2 BuaHO, 4TO HAMIIy4IIUE MTapaMeTpPhl
MA B auana3one BoiH /IB, Hampumep, OyayT HOJy4YEHbI NIPU KCIONb30BAHUU CEp-
neunnka ¢ p = 2000, d.= 10 mm u |, = 250 mm.

Ta6muna 1.1 Tabmuna 1.2
Jlmametp crepkHs | JIMHA CTEpKHSA Jumanazon yacror, Mru i
d., MM I, MM <0,5 2000-1000
80, 100, 125, 0,5-2 1000—400
8 140, 160, 200 2-30 400-100
10 200, 250 > 30 50-20




2. AKTHUBHBIE AHTEHHbI

2.1. I/IHTeraHHﬂ MNAaCCUBHBIX AaHTCHH U AaKTUBHBIX 3JICMCHTOB

AKTUBHBIMM aHTEHHaMH B PaJAMOTEXHUKE IPHUHATO HA3bIBaTh YCTPOMCTBA,
o0beuHSAIONIME COOCTBEHHO aHTEHHY U AKTUBHBIE 3JIEMEHTHI YCHIICHHUS, TpeoOpa3o-
BaHUS WK reHepauu curHanoB. O0be1MHEHHbIE (DYHKIIMM TaKUX YCTPOMCTB (IIpreM
WIM Tiepefjaya paguoBOJIH U YCUJIEHUE, MPeoOpa3oBaHUE WIIM T'€HEepalus CUTHAJIOB
BBEJICHHBIMU B aHT€HHY AD) HE peaian3yloTcs OObIYHBIM MOCIEA0BATEIbHBIM COEIH-
HEHUEM psifa (YHKIMOHAJIBLHO 3aKOHUEHHBIX Y3JIOB, a 00€CHEeUYHBAIOTCS 3JIEKTpUYe-
CKU €IMHbIM YyCTpoWcTBOM. Paznenennie AA Ha MacCUBHYIO U aKTUBHYIO YacTH He-
BO3MOXHO M3-32 MHTErPAJTHOIO XapakTepa yCTPOWCTBA. DTO OTJIMYAET, HAIpUMED,
AY OT aHTEHHBI, COEJUHEHHOMN C aHTEHHBIM (TIPEIBAPUTEIBHBIM) YCUIIUTENIEM, KOT1a
BBIXOJ] AHTEHHBI M BXOJ| YCUJIMTEJIS COTJIaCOBaHbl C BOJHOBBIM COMPOTHUBIICHUEM JIH-
HUU Tepejadyd U MOTYT ObITh CO€IMHEHBI IMHUEN Nepenayu 1000 AauHbl. AA BbI-
NOJIHAETCS B BUJE OJHOrO Ojoka. B o0iieM ciydae 3TO HEJIMHEWHOE U HEB3aUMHOE
YCTPOUCTBO.

Wurerpanust anTeHHbl 1 AD MO3BOJIIET YMEHBIIUTh pa3MeEPbl AHTEHH, PACILIU-
PUTH TOJIOCY MPOMYCKaHUSI 3JEKTPUUYECKHM KOPOTKUX AaHTEHH, YJIYYIIUTh YYBCTBH-
TenbHOCTh preMHbIX cucteM (KIIJ nepenarommx cucrem), OCyIeCTBUTh JIEKTPOH-
HYIO MEePECTPOMKY aHTEHH (Hampumep, YOpaBisTh AUarpaMMaMy HamnpaBlIEHHOCTH),
OCYLIECTBUTH 3(PPEKTUBHOE CUMMETPUPOBAHUE NPU COETUHEHUU CUMMETPUYHON aH-
TEHHbl C HECUMMETPUYHOM JIMHUEH Nepelayd, yIy4IIUTh 3JIEKTPOMAarHUTHYIO CO-
BMECTUMOCTh pasiiocucTeM. Bo MHOrux ciiyyasx AA mo3BOJISIIOT peaan30BaTh OJHO-
BPEMEHHO HECKOJbKO YKAa3aHHBIX MPEUMYIIECTB, IPUYEM BBIUTPHIII, HAIPUMEpP B ra-
Oaputax AA, MOXET JOCTUTaTh HECKOJIBKUX JECATKOB IO CPABHEHUIO C MACCUBHBIMU
aHaJIOraMH MIPU COXPAHEHUU WJIU JaXe YJIYULIEHUHU SIEKTPUUYECKUX XapaKTEPUCTHUK
(MoJyI0Chl MPOMYyCKaHMsl, YyBCTBUTENBHOCTHU U T. 1.). [IpeumyiiectBa AA o0ycnoBuiu
OBICTPOE Pa3BUTHE ITOrO HOBOT'O HAMPABJIECHUS aHTEHHOW TEXHUKU Y HAC B CTpaHE U
3a pyoexKoM.

[Ipexxzie Bcero OTMETHM, YTO MHTEIPUPYEMBI C «COOCTBEHHO aHTEHHOI» AD
(MHOTOTOJIOCHUK) MOKET U HE ObITh aKTUBHBIM B CTPOTOM 3HAYEHUHU 3TOTO CJIOBA, T.
€. MOTPEOIAIONIUM PHEPTUIO OT BHEIIHETro ucrounuka. Hanpumep, B AJl quoast Mo-
I'yT He TpeOOBaTh UCTOYHUKA NMUTaHUA. [103TOMy TepMUH «aKTHUBHAsl aHTEHHA», LU~
POKO pacnpoCTpaHEHHbIH B TEXHUUYECKOW JHUTEpPAType, BCE )K€ HE CIEAYET CUUTATh
HaubOonee ooumm. Hanbonee o0muM ciaeayeT npusHaTh TEPMUH «UHTETrpajibHas aH-
TeHHa». OYEeBUHO, YTO €CIM B MHTErPAJIbHOM AHTEHHE MHTEIPUPYEMBIA C «COOCT-
BEHHO aHTEHHON» MHOTOIOJIIOCHUK SIBJISIETCS aKTUBHBIM, T. €. TOTPEOIISIOLIUM SHEp-
TUI0, TO U YCTPOMCTBO CIIEYET Ha3bIBaTh AA.

B uHTerpanbHbIX (aKTUBHBIX) aHTEHHaX MOJA «COOCTBEHHO aHTEHHOI» MOHUMA-
I0T Ty 4acTh YCTPOMCTBA, KOTOpas HEMOCPEACTBEHHO OOEeCIeunBaeT MnpueM win (1)
u3NydeHue paauoBoiH. [Ipyu 3ToM HE0OXOAMMO UMETh B BUY, YTO B OOIIEM cilydae
COOCTBEHHO aHTEHHA MOKET BKJIIOUATh B C€0S1 YACTH MHTEIPUPYEMOTO0 MHOTOIOJIIOC-
HUKa (Hampumep, BBIBOABI U KOPITYC TPAH3UCTOpA), a paclpeeieHre TOKOB (Hampsi-



EHUI) B COOCTBEHHO aHTEHHE MOXET OMPEICIATHCS U CBOMCTBAMU UHTETPUPYEMOTO
MHOT'OIIOJIIOCHUKA. BeTpeyaromeecs B muTepaType yCIOBHOE BbleneHne u3 AA mac-
CHUBHOM 4acTH MO>KHO MCIOJIb30BaTh Ji1 0003HAUECHUSI COOCTBEHHO aHTEHHBI U YacTH
ANEKTPOHHOM cxeMbl AA. B 11e710M UHTErpajibHasi aHTEHHA MPEJCTABIAET COOON yCT-
POMCTBO, OCYILIECTBIISIIONIEE MPUEM WM (M) U3ITYUYECHHE PAJIMOBOJH U COAEpIKaIlee
WHTETPUPOBAHHBIA MHOTOIOJIFOCHHUK.

B abcontoTHOM OOJBIIMHCTBE M3BECTHBIX B HACTOSIIEE BPEMSI YCTPOUCTB TaKO-
ro TUMNa UHTErPUPOBAHHBIN MHOTOIMOIIOCHUK PadOTaeT B aKTUBHOM PEXHUME, TTOITO-
MY, YTOOBI MMOAUYEPKHYTh UX OTJIIMUKE OT AHTEHH, MHTEIPUPOBAHHBIX C MACCUBHBIMU I1€-
NSIMU (MHYKTUBHOCTSIMH, TTACCUBHBIMH CUMMETPUPYIOIIUMH YCTPOMCTBAMU U T. 11.), B
nanbHeneM OyaemM ynotpeOiasiTh TEPMUH «aKTUBHASI aHTEHHAY.

B nocneanue rojibl 3TOT TEPMUH HAUMHAET MCIOJIB30BATHCS B PA3TUYHBIX OQU-
HAAIBHBIX JTOKYMEHTAX MEXIYHAPOAHBIX KOMHUCCUU IO 3JEKTPO- U PATUOTEXHUKE.
Hanpuwmep, B npoekte MexxayHapoaHoi snektporexuuueckoit komuccun (IEC) non
OOIIIUM 3aroJIOBKOM «AHTEHHBI JJIS IPHUEeMa 3BYKOBBIX U TEJIIEBU3HOHHBIX PajuoIe-
penad B yactotHoM auana3zone 30 ... 1000 MI'n» nonsthe «akTUBHAs MPUEMHAS aH-
TEHHA» OMPENEAEeTCS KaK YaCTHOE U3 00IEero MpUBOAMMOIO B 3TOM JIOKYMEHTE OIl-
peneneHus NIpueMHOM aHTEeHHBI. BKITIoueHNe MOHATHS «aKTUBHAsI aHTEHHa» B o0l1ee
MOHSITUE «AHTCHHA» MOJYEPKUBACT AJIEKTPUUYECKOE U (PYHKIMOHAIBHOE €IUHCTBO
AA, 0JHaKO OTMETHUM, YTO MPHU ITOM COJIEPKAHUE MOHATHS «AHTEHHA)» CYILIECTBEHHO
pacuupsiercs, 0ObEeIUHSISCH C MOHIATUSMU TEXHUKHU MPUEMHBIX (TEpeatoinX) ycCT-
porctB. Ecnu ydecTh Takke, 4TO METOJbl aHAIN3a U pacuera AA HEOTAEIUMBI OT
METOJIOB, PA3BUTHIX B TEXHUKE MMACCUBHBIX AHTEHH U MPUMEHSIEMBIX aKTUBHBIX MPH-
OOpOB, TO MOKHO TOBOPUTH 00 AA Kak 0 HOBOM HalpaBJICHUU PATUOTEXHUKH.

AHaJIU3 COCTOSIHUS UCCIIEIOBaHU U pa3paboTku AA [4] moka3biBaeT OOJbIIOE
pazHooOpa3ue uX TUIOB U B TO K€ BPEMSs POU3BOJIBHOCTh B TEPMUHOJIOTHH U OTCYT-
CTBUE omnpeaeneHHoN knaccupurkanuu. GakKTUUECKH K HACTOSAILIEMY BPEMEHU MOXKHO
CUMTATh OOIICTPUHSATHIM JIMIIb CAM TEPMUH «aKTUBHAsI aHTEHHA», XOTS TPAHULIbI €T0
UCIIOJIb30BaHUsl TPAKTyIOTCs mo-pasHomy. Kiaccudukanus AA paccMoTpeHa B I
2.2. TlpenBapuTenbHO K€ OCTAaHOBUMCS 0oJiee MOJAPOOHO HA CYIIHOCTH MHTErpaluu
COOCTBEHHO aHTEHHBI U AD.

OcHOBHOI 3afadeil MHTErpalvu aHTeHH U AD sBiseTcs oOecriedeHue ONTH-
MAJIBHBIX CBSI3€M MEXAY HUMH JUJI JOCTHXKEHUS TOW WM MHOU nein. C 3TOH TOUYKH
3peHus, AA NpencTaBiseTCs, HA NEPBBIA B3IJSI, JAaBHO M3BECTHBIM COCAUHEHUEM
AHTEHHBI C MEPBBIM KacKaJoM paanocpenctBa. K ycTporcTBaM Takoro Thma MOKHO
OTHECTH AK€ YCTPOMCTBO IJI MpreMa 3eKTpoMarHuTHeIX BoJH A.C. [lonosa.

OO0 unTerpauuu aHTeHH U AD roBopuioch emie B 30-x rogax, 0JJHaKO ypOBEHb
pa3BUTHUS PAJUOTEXHUKHU HE MO3BOJISUT TOTJA €€ peanu3oBaTh. B panbHeleM ObLI
BBIOpaH MyTh Pa3/IeIbHOIO MPOCKTUPOBAHUS AHTEHH U YCUIIUTEIbHBIX KacKaJ0B MpU-
€MHBIX U MEPENAOINX YCTPOUCTB. B mocneaqHue AecATUIETUS UCCIEI0BATENN BHOBb
BEPHYJIHUCH K UJIEIM UHTErpaluy Ha 00Jiee BBICOKOM YPOBHE, YTO ObLJIO 00YCIOBIEHO
pa3BUTHUEM TEXHUKH aHTECHH U Y. [lepBbIe ke dKCIEPUMEHTHI NTOKA3ajlu, YTO ILIeje-
HAIPaBJIEHHOE COBMECTHOE MPOECKTUPOBAHUE «COOCTBEHHO aHTEHHBD) U O00bEIMHEH-



HOTO ¢ HEM AD CHMMaeT MHOTME OTPAaHUYEHUS HA pa3MepPbl aHTEHH, MOJIOCY MPOITyC-
KAaHUA U APYrUMe XapakTEPUCTUKH, T. €. TAKUE OTPaHUYEHUS, KOTOPBIE MOSBISUIUCH U
NPUHUMAINCh KaK HEM30€XKHbIE PU PA3HECEHUH aHTEHH U AD M pa3/ieIbHOM IPOEK-
TUPOBAaHUH.

Mertonap! aHanu3a U COBPEMEHHOW TEOPHUH NACCUBHBIX AHTEHH M KAaCKaJ0B IIpHUe-
MOIIEPENATYMKOB MOXHO HCIIOJIB30BaTh M i1 AA, OOHAKO MHOTHE PE3YJIbTaThl
aHaIM3a, a TaK)XE OCHOBHBIC NMOHATHSA M TEPMHMHBI Ka4ECTBEHHO pa3nu4uHbl. Hampu-
MEp, €CJIM B TEXHUKE ITACCUBHBIX AHTEHH CYILIECTBYET TAKOE KIIACCUYECKOE MOHSTHE,
KaK «aHT€HHa PE30HAHCHBIX Pa3MEpPOB», TO B TEXHUKE AA 3TO MOHSATHE HECET B ceOe
JIPYTOi CMBICH. TepMUHBI «PE30HAHCHBIN» U «HEPE3OHAHCHBIN» B TEXHHKE AA mpu-
MEHSIOTCS 111 0003HAUEHHUS IPYTUX MOHATHI 110 CPABHEHUIO C TEXHUKON NACCUBHBIX
aHTeHH. Tak, moa pe30HaHCHONW AY NOHMMAIOT TaKyl0, B KOTOPOW OCYIIECTBISAETCS
corjacoBaHue (MO MOIIHOCTH, O KO3(Q(PUIMEHTY IIyMa) MEXIYy «COOCTBEHHO aH-
TEHHOW» M Y3, a IoJ] HEpEe30HAaHCHOM — AY, B KOTOPON OCYILIECTBISAETCS MOCTOSH-
HO€ B IIUPOKOM MOJIOCE YACTOT JCJICHUE HAMPSKEHUs Ha BXojae Y.

2.2. Kiaccuukauusi akTUBHbIX AHTEHH

PaccmarpuBaemas 3aech knaccudukanus O0azupyercs Ha aHaiu3e OOIBIIOTO
yucia onyO0JIMKOBaHHBIX B Halllel CTpaHe W 3a pyOexoMm paboT mo AA, B TOM UHCIie
paboT, YACTUYHO WJIM MOJHOCTHIO MOCBSIIEHHBIX BOMPOCAM TEPMHUHOJIOTUU U KJlac-
cudukanuu [4].

BapuanTtel ctpyktyp AA npencrtapiensl Ha puc. 2.1. AD AA MoxeT ObITh UH-
TErPUPOBaH B YCTPOMCTBE MO CXEME JIBYX-, TPEX- WIIM YETHIPEXIOIIOCHUKA. BKitoue-
HUE MO CXEME JBYXIOJIOCHUKA UMEET MECTO MPU HCIOJIb30BAHUH, HAIIPUMED, THO-
JIOB UJIM KOHBEPTOPOB OTPHUIIATEIHLHOTO COMPOTHUBIIEHUS, MPEOOPa3yIOMNX PEaKTUB-
HOE COMPOTUBJICHUE X,, MOJKIIOYEHHOE K cBOOOHOM nape (puc. 2.1,a) momatocos, B
OTpHUIIATEILHOE COMPOTHUBJICHUE HA Mape MOJIOCOB, MOJKIIOYEHHBIX K COOCTBEHHO
anteHHe. Hanbonee pacnpocTpaHeHa cTpyKkTypa, nmokazaHHas Ha puc. 2.1,6. Ha ee
OCHOBE peajM30BaHbl CYIIECTBEHHOE YMEHbBIIEHUE pa3MepoB AY, MOBBIINICHUE YYB-
CTBUTEJIbHOCTH MPUEMHBIX CUCTEM U T.J.

Knaccuduxanuo AA npoBosaT 1Mo (yHKUHOHAIBHOMY Ha3HA4YE€HHIO, CTPYK-
TYpPHBIM MPU3HAKAM U IIEJIEBOMY HA3HAYCHUIO MHTErpauu (ManaorabapuTHBIE, IIU-
POKOIOJIOCHBIE, C YIPaBIIEeMON NuarpaMMON HAIMpaBJICHHOCTU U T. 1.). Bo3MoxHa
KJIacCu(ukaiys 1mo TUMaM COOCTBEHHO aHTCHHBI (BUOpaTOpHBIE, IIEJECBBIC U T. 11.),
MO TUIMAM MPUMEHSEMbIX AD (TpaH3UCTOpPHbBIC, NUOJHBIE U T. II.), IO YACTOTHBIM
Jyaria3oHaM U, HaKOHeEIl, [0 Ha3HAYEHUI0 00BbEKTOB, B KOTOPBIX YCTPOMCTBA MpUMeE-
HSAIOTCS (aBTOMOOUJIbHBIE, TEIEBU3UOHHBIE U T. 11.). Hanbonpmuii unTepec npeacras-
asiet kinaccupukanus AA 1o GyHKIMOHATRHOMY HA3HAYEHUIO M MO CTPYKTYPHBIM
MpU3HAKAM.



AD AD
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Puc. 2.1. CTpyKTypbl aKTUBHON aHTEHHBI

[lo ¢hyHKIMOHANBHOMY Ha3zHaueHUI0 AA MoJpa3aesstoT Ha Tpu Tuna (puc. 2.2):
OpUeMHbIe, TEpelalllie W MNpPUEeMHO-Nepeaalomue. AKTHUBHBIE PUEMHO-
nepenalue aHTEeHHbl MOXKHO CO3/aBaTh Kak Ha OCHOBE AA JBYX NEPBBIX THUIIOB,
TaK U MyTeM OoJiee CI0KHOW B3aUMOCBSI3aHHOW UHTErPALIUH.

AXTUBHBIE aHTCHHBI

AXTUBHEBIC AKTHBHBIE AXTUBHEBIC
NCPCHAIOIIHUC | ..., IIPUEMHO- IIPUEMHBIC
AHTEHHBI nepeaaronine AHTEHHBI
AHTEHHBI- AHTEHHBI — AHTEHHBI- AHTEHHBI- AHTEHHBI-
TE€HEPATOPHI YCUITUTENN YCUITUTETHN JIETEKTOPBI npeobpaso-
(AT) MOIITHOCTH (AY) (Al) BaTeNn
(AYM) (AIT)

Puc. 2.2. Knaccudukanuys akTHBHBIX aHTCHH

AxTHBHBIE TIepefarone anTeHHsl AensaT Ha AI' 1 AYM. B Al ocyiecTsis-
I0TCSl TeHepauus U usilydeHue, B AYM — ycuieHue MOIIHOCTM CHUTHAaJIa, MOCTY-
MaKoIIEero B yCTPOUCTBO OT aBTOHOMHOI'O TeHeparopa (mepeaTunka), U u3ydeHue.
AKTHBHAs 4acTh B epeaaommx AA MOXET BKIIOYATh KACKAAbl YMHOKEHHUS YaCTOTHI
CUTHAJa.

AKXTHBHBIC TTpUEMHBIE aHTEHHBbI AeaAT HAa AY, AJl u All Ilomumo npuema pa-
JMOBOJIH TAKWE€ AHTECHHBI OCYIIECTBISIIOT COOTBETCTBEHHO YCHWJIEHHUE, NETEKTUPOBa-
HUE CUTHaja, mpeoOpa3oBaHue 4acTOThl curHana. All MoryT comepkath Kak CMECH-
TeNlb U TETEPOAUH, TaK U TOJBKO CMECHUTENb, KOTJAA I'€TEPOINH SIBISAETCS aBTOHOM-
HBIM.



Knaccudukanusa AA 1o cTpyKTypHBIM IPU3HAKAM HILTIOCTpUpyeTcs puc. 2.1 u
B 00meM Bujae Obuta paccMoTpeHa Bhimie. Ee menecooOpa3HO JOMOTHUTH C TOYKH
3peHus cteneHu uHrerpaiuu AD B AA. MOXHO BbIACIUTh AA C BBIHECEHHBIM U
BHECEHHBIM (BCTpOeHHBbIM) AD. AA ¢ BHECEHHBIM AD MOXKHO NMPEJCTaBUTh CTPYKTY-
poii, B KOTOPOIl TOKM (HAMPSKEHUS!) TAKOM aHTEHHBI OMPEIENSIOTCS U CBOWCTBAMU
AD. B AA c BeiHeceHHBIM AD cam AD (ero cBoiicTBa) OO0 BOOOIIE HE YyUaCTBYET B
dbopMUPOBAaHNU TOKOB (HANpsIKEHW) COOCTBEHHO aHTCHHBI, IUOO y4acTBYEeT TaKUM
00pa3om, 4TO 3TO HE OTHOCUTCS HEMOCPEACTBEHHO K crenuduke AA (Hampumep,
BIIMSIHUE KPAHUPYIOILIET0 KOPIyca, B KOTOPOM pa3melieHa cxema AD).

K AA c BbiHEceHHBIM AD Helb3 OTHECTH IIMPOKO M3BECTHYIO KOMOWHAIIUIO
aHTEHHBI C MPEIBAPUTEIbHBIM (aHTEHHBIM) YCHIIUTEIEM, TaK KaK B 3TOM Cllydyae He
BOIUIOIIAETCS MPUHIMIT UHTErpanuu, npucymuii AA. /[elcTBUTENBHO, B TAKON KOM-
OMHAIMM aHTEHHA U MPEABAPUTENbHBIA YCHIUTENb HE3aBUCUMO JIPYT OT JIpyra co-
TJIACYIOTCS C BOJIHOBBIM CONPOTHUBJICHUEM JIMHUM Tiepenadn (puaepa), COeTUHSIOMICH
UX, U TIPEJIBAPUTEIbHBIN YCUIUTENb MOKET ObITh BKIIIOUEH MO3TOMY Ha JIOOOM pac-
CTOSTHUU OT aHTEHHBI (HE00s3aTeIbHO HEMOCPEICTBEHHO 3a aHTEHHOM) U UX pa3Hece-
HUE B MPUHIUIIE HE Hapymaer paboOTOCMOCOOHOCTh KOMOWHAIIMM aHTEHHA—
peBapUTEIbHBIN ycrnuTeab. OHAKO B CiIydae BBITIOJHEHUS TOJI00HOTO yCTPOMCT-
Ba KOHCTPYKTHBHO €JUHBIM OJIOKOM HEH30€KHO HCIIOJIb30BAHUE MPU OMPEICICHUH
€ro napaMeTpoB METOJ0B TEXHUKHA AA.

Knaccudukanusa AY npencrasiena Ha puc. 2.3. OHU SBISAIOTCS HanboJee pac-
MPOCTPAHEHHBIM B HacTosllee BpeMs TUIIOM AA. BoJbIIMHCTBO HcclieioBaTeNed u
pa3paboTunkoB AA 3aHUMAaeTcs UMEHHO TeXHUKOU AY. DTO OOBSICHSIETCS TEM, 4TO
JUISl aHTEHH U YCWJIMTEJIBbHBIX NPUOOPOB 0COOEHHO A(PGHEKTUBHO OCYIIECTBISIOTCS
MPEUMYIIECTBA UHTETPALIUH.

B nuanazonax JIB, CB, KB u yactuuno YKB nenbto uHTErpanuu sBistoTCs,
KaK MPaBWJIO, YMEHBIICHUE Pa3MEPOB AaHTEHH U O0ECIECUEHHE IMUPOKOM (HECKOJIBKO
OKTaB) MOJIOCHI MPOMYCKaHUsl. JTa 1eJib JOCTUraeTCsl UHTerpanueid COOCTBEHHO aH-
TEHHBl C BBICOKOOMHBIM IO BXOJy YO (Hampumep MOJEBbIM TPAH3UCTOPOM) TaKUM
o0pa3zoM, 9ToOBI CO37aTh MIUPOKOTIONOCHBINA JACIUTENTh HANPSOKEHUSI, KOTOPBIH o0pa-
3yeTcsi U3 eMKOCTH COOCTBEHHO aHTEHHBI U MaJloll eMKocTd Bxoja YO. Ilpu taxoii
uHTerpanuu YO B AY paboTaer HE B ONTUMAIBHOM pexuMe (10 YCUIIEHUIO, TI0 IIIY-
MOBBIM XapakTepuctukam). C MOBBIIIEHUEM YacTOThl HEPE3OHAHCHBIE AY Manodd-
(eKTUBHBI 10 CPABHEHHUIO C PE30HAHCHBIMHU U3-3a HEONTHUMAJIHLHOTO COTJIACOBAHMSI,
KOrJia IIyMbl BHEIIIHETO MPOCTPAHCTBA HEBEIMKH, a TAKXKE MU3-3a TPYJHOCTEN OCylIe-
CTBJICHUsI B 00Jie€ BBHICOKHMX JIMAa30Hax 4acTOT IIMPOKOIMOJIOCHOTO JeneHus. B pe-
30HaHCHBIX AY OCYIIIECTBISETCA ONTUMAIILHOE COTJiacoBaHUE YD ¢ COOCTBEHHO aH-
TEHHOW i1 00ECTeUYeHUs] MAaKCUMaJbHOTO OTHOIIEHUS CUTHA/IIYM B TPUEMHOU
CUCTEME.



AHTeHHBI-yCI/IJIHTe.]'II/I

/\

AY c BHECEHHBIM YCHU- AY c BBIHECEHHBIM yCHIIN-
JUTENHHBIM PUOOPOM TEJTHLHBIM IPHOOPOM
A ’V
Hepesonancueie AY Pe3onancHele AY

Puc. 2.3. Knaccudpukanus AY

B nmnamazonax CMB, JIMB u wactuuno MB, mis koTopbix pa3pabaThiBaroT
0OBIYHO pe30HaHCHBbIE AY, Kak MPaBWIIO, HET HEOOXOAMMOCTU CYIIECTBEHHO YMEHb-
IaTh pa3Mepbl COOCTBEHHO AHTEHHBI, a IEJIbI0 WHTETPAIMH SIBISIETCS YIIyUIICHHE
YyBCTBUTEJIBHOCTH IPUEMHBIX CUCTEM.

[Tonoca nponyckanuss AY MOKeT ObITh 3HAUUTENBHO LIUPE, YEM I0OJI0CA MPO-
IIyCKaHUsI X ACCUBHBIX aHAJIOTOB.

Kak yxe yka3pIBajoCch B Hadaje 3TOM IJIaBbl, CIEAYET OTINYATh CMBICIOBOE
3HAYEHUE TEPMHUHOB «PE30HAHCHBIN» M «HEPE3OHAHCHBIN» Uit AY OT TOro 3Haue-
HUSA, KOTOPOE MPUAAETCS UM B TEXHHKE aHTEHH (aHTEHHBI PE30HAHCHBIX U HEPE30-
HAHCHBIX pa3mepoB). B Texnuke AY 3Tu TepMHHBI CBSI3aHBI C TEOPHUEH LIETIEH, a HE C
Teopueil anTeHH. OTMETHM, YTO OJIHY U Ty k€ AY MOKHO BBIIOJHUTH TaK, UTO B OJI-
HOM JIMANa30HE 4acTOT OHA SIBJISIETCS PE30HAHCHOM, B IPYTOM — HEPE30HAHCHOU.

AY MOXHO KJacCu(UIIMPOBATH M0 MHOTUM JPYTUM MPU3HAKAM, CHOPMYITUPO-
BaHHBIM paHee Mg AA, B TOM YHUCJE MO TUIY NPUMEHEHHOW YCUIIUTEIbHON CXEMBbI
WIH COOCTBEHHO aHTECHHBI (HalpuUMep, CAMMETPUYHBIE 1 HECUMMETpUYHbIE AY U T.
m.). OTa KiIaccuuKaIms J0CTaTOYHO OYEBU[IHA, TAK KAK MPAKTHYECKH COBMAJACT C
M3BECTHOM KJIaccu(HKaImen macCUBHBIX AaHTCHH.

Uro kacaercss BONPOCOB NPOEKTUPOBaHUSI MA M yCUJIEHHS CUTHAJIOB, IOCTY-
naromux ¢ MA, To OHU HEpa3phIBHO CBSA3aHBI MEXy COOOU psAIOM mapameTpoB. Bo-
IIEPBBIX, 3TO PEaJbHAs UYYBCTBUTEJIBHOCTb, KOTOpas OIPEICIAECTCS NEHUCTBYIOLIEH
BBICOTOM aHTEHHBI U IIyMaMu ycuiuTens. Bo-BTopeix, 3to AUX, koTopas ¢popmupy-
erca U1 MA, u ycunutenem. B-TpeTbux, 3TO AMHAMUYECKUH UaIa30H, MOCKOJIbKY
HEJIMHEMHBIE MCKAXXCHUS YCUJIMTENS 3aBUCAT OT YPOBHSI CMUTHAaja Ha BXOJE, T.€. OT
JIEVCTBYIOIIEH BBICOTHI TACCUBHOW aHTCHHBI U T.J.

ITosToMy ycTpoiicTBO, MpeaCTaBIsAOINIee cCOO0M coueTaHue naccuBHod MA u
YCUJIUTEIISI CUTHAJI0B MA, paccMaTpuBaeTcs Jajiee KaK €IUHOE LIEJI0€ U Ha3bIBAETCSA
AKTUBHOM MarHUTHOM aHTEHHOM.



3. AKTUBHBIE MATTHUTHbBIE AHTEHHbI

3.1. O0o01IeHHAs HIyMOBasl CXeMa AKTHUBHON MATHUTHON AHTEHHbI

B mpaktuke Teopun uemnei Ajisi OIEHKH W aHAJIM3a IIYMOBBIX XapaKTEPUCTHUK
VY3 mmpokoe pacnpocTpaHeHUE MOTYUnII0 oHsATHE KO3 uimenTa myma. O1HaKO B
Cllyyae yCTPOUCTB C YUCTO PEAKTUBHBIM MCTOUYHHUKOM CUTHAJIA, KAK U3BECTHO, KO-
(ULMEHT IIymMa HE UMEET cMbIcaa. B cBsA3M ¢ 3TuM s aHanu3a mymoB B AMA cre-
JyeT TOJIb30BAThCSl OTHOIIEHUEM CHUTHAI/IIYM, KOTOPOE HE 3aBUCUT OT XapakrTepa
BHYTPEHHETO CONPOTUBJICHUSI UICTOYHUKA CUTHAJIA.

O6o06mennas mymoBas cxema AMA mnoka3ana Ha puc. 3.1,a, rne C; u C, —
KOPPEKTUPYIOIINE KOHJCHCATOPBI; Zr — BHYTPEHHEE compoTHBIcHHE MA; ey —
OJ1C, naBonumasi B MA; ey ¥ 1, — UIyMOBBIE U B OOIIEM cllydae KOPPEIUPOBAHHBIE
WCTOYHUKN HampsbkeHust u Toka YPY. Jlng gactor o << m,, rl1e ®, — rpaHAYHAs
4acToTa TPaH3UCTOpa, IIyMOBYIO cxeMy AMA u aHanu3 ee INIyMOBBIX XapaKTePUCTHUK
MOKHO 3HAYUTEIBHO YIPOCTUTh, €CJIM CYUTATh UCTOUHHKUA TOKAa M HAMNPSHKEHUS Ha
puc. 3.1,a HeKOppEITUPOBAHHBIMU.

[IpuBenem o06o00mIeHHYIO MTyMOBYIO cxeMy AMA K Buy, MpeACTaBICHHOMY
Ha puc. 3.1,0 [5]. 3aech

€y — | L+ —
' pC, . pC, pC,
e H - D) Z 1—* -
1 1 1 1
Lp+——+—— Lp+——+——
pC, pC, pC,  pC,
Ha ocHOBaHMM MOCIEAHUX BBIPAXKECHUN MOXHO 3amucaTh JJId MOJyJed €'y u
Z'r:
o' | = Sy _, (3.1)
o 1 o -0,
2 A2 7+l
W, Q7 ®;
2
o | o 1
2 2 A2
0} ®
AN —, (3.2)
o 1 o] —®°
2 2 5+l
W, > 0,
rac (012 =1 /(LACI),
" =1/ (LACy);
Qi =wiLa/R;
Q2 =LA/ R;
Zr =R+ joLy;
Ly m R — WHOYKTHBHAsS W AaKTUBHAs COCTABJISIIONIME BHYTPEHHETO

conpoTuiieHus MA.
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ey i YPY

Puc. 3.1. DxBuBajieHTHAas 1IIyMOBas cXeMa UCXOIHOM (a)
u ipeobpazoBanHoi (0) AMA

HaHpH)KeHI/Ie H_IyMOB, HpI/IBeI[CHHOG K I/ICTO‘IHI/IKy CI/IFHaJ'Ia, paBHO
= Je2 +i2|z' ] 3.3

a OTHOIICHHWE HANpsHKECHUS CUTHAJA K HANpPSDKEHUIO IIyMOB (OTHOINGHWE CHT-
HaJ/1IyM):

1]
Cu

B= ) (3.4)
w/efu +ifH‘Z'r‘2

Makcumuzanus oTHoIIeHus: curHai/mym (3.4) obOecrnieunBaeTcss COOTBETCT-
BYIOLIMM BbIOOpOM mapameTpoB AMA.

Bo3MoxHBI ciienyromue BapuaHThl noctpoeHnss AMA: Hepe30HaHCHBIH, C IMO-
CJIeI0BaTEIbHBIM PE30HAHCOM, C MapauIeIbHBIM PE30HAHCOM U ¢ KOMOMHAIuUen 1mo-
CJIEIOBATEJILHOTO M MapajuieIbHOIO PE30HAHCOB [J].

3.1.1. Hepe3zoHaHcHasi aKTUBHAsI MAarHUTHAs aHTEHHA

Jlnst paccmatpuBaemoro ciaydas B (3.1) u (3.2) nonaraem C, = o, C, = 0. Torna
u3 BelpaxkeHuit (3.1) u (3.2) npu ®; U ®, = c© noiay4aem €'y = ey, Z'r = Zr. Yucno
BUTKOB U BEJIWYMHA MHAYKTUBHOCTHU KaTYUIKU CBSI3aHbI MPOCTHIM COOTHOILICHUEM:
na =q+/L, , T1e q — k03¢ (PULUEHT TPONOPLHOHAIBLHOCTH.



PaccuuteiBaeTcs mapamerp q B COOTBETCTBUU C BhIpakeHUEM [9]:

1
q=—7= ,
\/L duaprqrmp

rie L' — xoadduiuent, 3aBucsImuii OT yUIMHEHUS cepaeuHuka (puc. 3.2);
— 2,
q=(d/ di
pL — KO3 PUIMEHT, yYUTHIBAIOIINUNA CMEIICHHE IEHTpa KaTYIIKH OTHOCH-
TEIBHO CepearHbI cTepkHs (puc. 3.3);
mp — Kod(hUIMEHT, 3aBUCSAIINI OT OTHOIICHUS IJIWHBI HAMOTKHU K JUTHMHE
crepkHs (puc. 3.4).
BBoxs o603Hauenne A = qSyua / C, BeIpakeHHUEe UL €y MOKHO ITpeoOpa3oBaTh
K BHITY

en=A \JoZ| E. (3.5)

Torna st OTHOILIEHHS] CUTHAN/IITYM Hepe3oHaHCHOH AMA nonydaem

B, = AE (3.6)

Jlns ynpoiueHusa aHanu3a, Tak kKak R << wL,, cunTaeM, 4TO aKTHUBHAsI COCTaB-
JSAI0Ias BHYTPEHHET0 CONPOTUBIIEHUSI UCTOYHMKA curHaina R = 0. Torna u3 Beipaxe-
Hus (3.6) cienyet, 4To B MOHOTOHHO BO3pacTaeT ¢ yBEIMUYEHUEM ® M aCUMIITOTHYE-

CKH HpI/I6J'II/I)KaeTC$I K ITIOCTOSAHHOMY 3HAYCHHIO:

B, =AE/ilL, . (3.7)

3aBucumoctb B((Zr) ABnsercs skcTpeManbHOU, npuyeM MakcuMyM B; umeer

MECTO TpH ‘ZF‘OHT = Rromr = € /1, B U€M HETpyAHO yOeauThes, nuddepermupys B

no Zr. Takum o0Opa3om, Ha HEKOTOPOU YACTOTE M, e ®W.L.o = Rroyr, BBIMOJHIETCS
YCJIOBHE COTJIACOBAHMS IO IIyMaM M TOJIBKO Ha 3TOW dacToTe B; mocturaer cBoero
MaKCUMaJIbHOrO 3HaueHMs. Ha oCTalbHBIX 4acTOTaxX yCJIOBHE COIJIAaCOBAHMS HE BBI-

IHOJIHACTCA U B] MCHBIIC IIPCACIIBHO BO3MOKHOI'O 3HAYCHU .
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Puc. 3.2. 3aBucumocts ko3 uimenTa
nponopuuoHanbHocTH L' oT oTHOWIEHMS /, /d,
my,
-
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Puc. 3.4. I'padux koaddunrenta
IPOTMOPIMOHAIBHOCTH Py

C



Bappupys BenuunHOM L, MOKHO U3MEHSTH YaCTOTY (O C LEIBIO yIYUIICHUS
xapaktepuctuk AMA.

Brenem xoadduiment b = oy / @, XapakTepu3yrIui CTeNeHb Paccoriiaco-
BaHHUS OTHOCUTEIBHO HUXKHEW TpaHUIlbl YACTOTHOTO JHUAaMa3oHa My, T/I€ B JAaHHOM
cinyuyae B; = Biyin, 1 HODMUPOBAHHYIO TEKYIIYIO 4acToTy ) = ® / ,. Torna Bbipa-
KEHUE IS ‘ZF‘ MOHO MPEICTABUTH B BUIE

|Z| = Rrom bQ, (3.8)

a BeIpakeHue 11 B B Bujae

bQ?

B, =gE |—>-
L T 2?

rneg=A o, Ry, /ew

Jlnst cpaBHEHUS pa3NUYHBIX BapuaHToB AMA 1enecoobpa3Ho paccMaTpuUBaTh
HOPMHPOBAHHOE 3HAYEHUE ]§l =B,/ (gE):

(3.9)

B, = {/bQ%/(1+b°Q%) (3.10)

Ha yactore Q=1

B, . = .o/1+b?). (3.11)

SIBJISIETCS. BBIOOp 3HAYECHUSI b, pPU KOTOPOM

IIpUYEM B

1 min

YcnoBueM MakcuMyma élmm

oB

—alglin =(0. W3 ananusza ykKa3aHHOM NIPOM3BOJHOM CIIEAYET, YTO IS JOCTHUKECHUS

MaKCHUMaJIbHOT0 3HAUEHUS ]é HEe0O0X0oMMO BeIOMpaTh b = 1. B manpHeimemM Mak-

I min
CHUMaJIbHO BO3MOKHOE 3Hau€HHEe HOPMHMPOBAHHOTO OTHOIICHMS CUTHAJ/IIyM B Hau-
XyALel TOUuKe YaCTOTHOI'O AMana3oHa (Kak MpaBuio, HA MUHMMAJIbHON 4acToTe ®y)
OyneM o6o3Hayarh yepes D: max(]élmin) = D. Takum o0pa3om, AJs1 HEPE30HAHCHOM

AMA (puc. 3.5)

D, =1/+2, (3.12)

npudeM D; He 3aBUCUT OT OTHOIIIEHUS BEpXHEH 4acTOThI paboyero auara3oHa 4acToT
K HIDKHEH 0, / 0y = K.

C nomolp0 HOPMHPOBAHHOTO mHapamerpa D, Kak Moka3zaHO HUXKE, YIAOOHO
MPOU3BOJIUTh CPaBHEHHE pPa3IUYHBIX mapameTpoB AMA. B nanHom ciywae (3.12)
COOTBETCTBYET MAaKCUMaJIbHOMY HOPMHUPOBAaHHOMY OTHOILIEHHWIO CUTHAJ/IIYM B Hau-
XyJIIeH TOYKE YaCTOTHOI'O JMana3oHa sl Hepe30HaHCHOTo Bapuanta AMA.



3.1.2. AxTuBHas MarHUTHas aHTEHHA C NapaJUIeIbHBIM PE30HAHCOM

Jlns paccmatpuBaemoro ciaydast B (3.1) u (3.2) momaraem C; = o, C, # 0. U3
BoipakeHut (3.1) u (3.2) npu o, = 0 noryyum

Cn
e'y= , (3.13)
\/coz 1 +((o§—032)2

®Q
272 2
7| - —NOLarRe (3.14)

w? 1 (w% —w2)2

22 4

3 Q3 ®)
O6o3Hauas a = ®, / m,, noayuuM npu R << oL,

e'H = ‘H 2.’
\/(1—a292)+ a gf
Q3
‘Z’F‘ — RFonTbQ

2
2

22
\/(1—a292)+a 2

Toxacrasisist €'y U |Z'| B BeIpaxenue (3.4) 1 mpeoGpasyst €ro, Kak 3T0 CACIaHO

ISl Hepe3oHaHCHO AMA, nmosty4um Juisi HOPMUPOBAHHOTO OTHOILIEHUS CUTHAI/IIYyM
AMA ¢ napajienbHbIM PE30HAHCOM CIIEAYIOIIEE BBIPAXKCHUE:

bQ?
ﬁz - o (3.15)
(1-2202)2 +b2Q% + 2

2
2
AMA c napajieabpHbIM PE30HaHCOM paboTaeT cieayromum odpazom. Ha yac-

TOTC 0y = Wy = O¢ BBITOJIHAIOTCA CICAYIOIINC COOTHOIICHUA

/
en = enQ, (3.16)
‘Z'r‘ =2rQ,.

Torna nyist B, B cooTBeTcTBUM € (3.4) mOTydyuM
B, = _fHQz 2 (3.17)
\/e m+1 m(o‘)ZLAQZ)

a Tak Kak i2m(w2LAQ2) >>e? ipu Q, >> 1, To

B, = ey / (1mmyLa). (3.18)

N3 Beipaxkenwnii (3.17) u (3.18) Buano, yto BapuantT AMA ¢ mapanienbHbIM
PE30HAHCOM MO3BOJISIET YCTPAHUTD BIUSIHUE IITYMOBOTO UCTOYHUKA HAMPSHKCHUSL.



KoadduimenT a BpiOnpaeTcss U3 yciaoBHs MMOTYUYEHUS! paBHbIX 3HaUYeHUU B, 1o
KpasiM JIMana3oHa: ]éz(Q =1)= ]éz(Q =K, ), npu orom st Qz >> 1

b ~ bK 2
(1-a%)* +b? (1-a’K})* +b’K;

WU TI0CJIE YIPOIICHUS
(1- az)szg n Kngz ~(1- aszg)z " szzg,

4TO IIPUBOAUT K CICAYIOHIEMY BBIPAKCHUIO JJIA a:

a=1/yK,. (3.19)

Koadduiment b BeiOupaercss U3 ycaoBHs MOTYyYEHUS] MAKCUMaJIbHO BO3MOXK-
HOTO OTHONIICHHSI CUTHAJ/IIYM 1O KpasMm auana3ona. JuddepeHuupys BoipakeHHE
(3.15) mo b, momy4um
1

oB, 102 -2%0%)% +120%) - b2 2b02 bQ?2 _5_0_
ob 2 (1-220%)? 1 b202)? 1-a2Q? 1 b20?

2\2\2 22
Uucnutenp 3TOro BbIpaxeHus paBeH Hymto npu (1 — a"Q%)” = b"QQ°. Torna,
yautbiBas, yto a =1/ /K, , monydum

b=(K,—1)/K,. (3.20)

3ameTnM, 4TO Tak Kak b < 1, TO yacToTra . B 3TOM Cly4ae JEKHUT BBILLIE Ha-
YaJbHOM YaCTOTHl JAMANa3OHa. JTO O3HAYaeT, YTO BEJIWYMHA MHIAYKTUBHOCTH MA
JOJIKHA ObITh MEHBLIE, YEM B cily4yae Hepe3oHaHcHOM AMA, rae b = 1.

OxkonuarenbHo a1 AMA ¢ mapauielnbHbiM pe3oHaHcoM ¢ ydetoMm (3.19) u
(3.20) mpu Q, >> 1 nony4uum

g
D, V2K, -1
(3.21)

MakcHManbHoe 3HaueHHe B B mpenenax pabodeil MmoJIoChl 4YaCTOT MUMEET

2max
MECTO Ha 4yacTtoTe (2, 1Jisl KOTOPOH 8]§2 / 0Q2 = 0. Kak noka3nIBaeT aHaIu3, 3HAUCHUE

(), COBIIAJacT CO 3HAYCHHUEM HOPMHPOBAHHON YACTOTHI MapajUICILHOTO PE30HAHCA
), = m, / oy, Takum o6pazom (puc. 3.6),

Q, =K, =Q,. (3.22)
[Ipu 3TOM

B, =~2D,. (3.23)



IIpu HeGonmpmnx 3HaueHusax K,, Hanpumep npu K, = 1, uro o3navaer ), =
=, = 1, HeoObxoauMo yuuThIBaTh 3HaUeHue Q,. [Ipu aTom a = 1, a 3Ha4ueHuUE b onpe-
JeJISIeTCSl U3 YCIIOBUSL PABEHCTBA HYJIIO MPOU3BOIHOM:

b
8% ob=0 ob=0. 3.24
2/ \/bZQZ + aZQZ/Qg ( )
N3 (3.24) npu QQ = 1 okoHYATEIHHO MOJydaeM
a=1; (3.25)
b=1/Q;; (3.26)
Dy(Kg=1)=4Q,/2 . (3.27)

AMA ¢ K, = 1 cooTBeTCTBYET HCIOIL30BaHUIO B AMA 1iepecTpanBaeMoro Ko-
1e0aTeabHOT0 KOHTYpa, 4TO, KaK CIeAyeT U3 NPUBEACHHOTO aHAIN3a, SBIISETCS YacT-
HBIM CITy4aeM paccMarpuBaeMoil 00001eHHoM cxeMbl AMA ¢ npou3BOJIBHBIM 3Ha-
yenueM K,.

Paccmorpum Bapnant AMA ¢ mapaJuiebHbIM PE30HAHCOM M COTVIACYIOIIMM
TpaHchopMaTopoM MKy MAarHUTHONW aHTEHHOM M YCWIIUTENIEM, NMPUBEACHHBIN Ha
puc. 3.7.

Jis puc. 3.1,0, Tie npuBeIeHa YKBUBAJICHTHASI IIYMOBAasl CXemMa yCTpOMCTBa,
MOYXHO 3aIliCaTh

eyn
ey= ————, 3.28
. 1- (0 / ®3) (3.25)
2
o= %, (3.29)
- (0" /®3)

rae  n— koddunueHT TpanchopmaIuu.
[ToncraBnss Beipakenus (3.28) u (3.29) Bmecto €'y u Z't B Beipaxenue (3.4),
nocJie npeoopazoBaHui MOTyYUM

b'Q?
B, = gE .
28 \/(1a'292)2/n2+b'2n292

[TapameTtp a’, BEIOpaHHBIN U3 YCIOBUS PABEHCTBA OTHOUIECHUSI CUTHAJI/IIIYM T10

KpasaM Auarra3oHa,
a=1/JK,, 3.31)

YTO COBMAJAET ¢ OecTpaHCHOPMATOPHBIM BAPUAHTOM YCTPOICTBA.
[Tapametp b’ U3 ycrnoBUS MaKCUMH3AlMK OTHOIIEHUS CUTHAJ/IIYM MO Kpasim
uana3zoHa

(3.30)

b’ =(Ky— 1)/ (Kgn). (3.32)



Breipaxxenne (3.32) mno3BojsisieT HalTH BenuuuHy L, 1npu  3agaHHOM
ko3 unrienTe TpaHchopmanuu n:

LA: RFOHT b,,
(Q)

H

Tak b= 0,/ ., = 0.Ls / ®La = 0L / Rrom.
2
Ecnu Benuuuna L 3agana, To, yauThiBas, 4to b’ = bn”,

n= |Rromy (3.33)
(’OHLA

rae b paccunteiBaeTcs UCXond U3 3agaHHON BenmunHbl K, 11 6ectpancdopmarop-
HOT'O BapHaHTa.

[Moncrasnsas (3.31) u (3.32) B Beipaxkenue (3.30), yOexgaemcs B paBEHCTBE
D', = D,. Takum o0pa3om, BBeAeHHE TpaHCHopmMaTopa HE M3MEHSET MPEICIbHOTO
3HAYEHUs HOPMUPOBAHHOTO MmapameTpa D.

3.1.3. AKTuBHasi MarHUTHAasI aHTEHHA C MTOCJIEA0BATEIbHBIM PE30OHAHCOM

Jlns pacemaTtpuBaemoro ciyyas B (3.1) u (3.2) nonaraem C, # oo, C, = 0. Torna
u3 Beipaxkenuil (3.1) u (3.2) npu ®, = oo MoIy4YuM

e'n=eu, (3.34)

2| =R\1+ Q% (0/ ©, -, / ®)*. (3.35)

Bripaxxenue niis ]§3 NMEET BU

% bQ’
= , 3.36
3 | b2 bZ(dZQZ . 1)2 ( )

+ +
d2Q12 d4Q2

IPIS d= o, /m.
[Tpunun pa6otel AMA ¢ mocienoBaTeIbHBIM PE30HAHCOM 3aKIII0YaeTCs B
caenyroniem. Ha yactore @ = o, = o, u3 (3.34) u (3.35) nonydyaem

ey =¢y,
e (3.37)
7', =R.

Torna u3 (3.4) cienyer, 4To

By=—— 1 (3.38)

M
\/ei +i§JR2

2 p2 2
a Tak kak 1 ,R” <<e”,, T0



B, ="M, (3.39)

To ecTb Takoif METOJ] COTJIaCOBaHUS MO3BOJISET YCTPAHUTD BIMSIHUE IIIyMOBOTO
UCTOYHHUKA TOKA.

PasencTBo B3 no kpasm quamnasoHa, 1.e. ycinosue B3(Q2 = 1) = B3(Q = K,), BbI-
nojusercs 1 Q; >> 1, ecnu

d2
b= —> (3.40)
2d" +a

rie  a=—(1+K*)/K.

Hudbdepenuupys Boipaxkenue (3.36) no d ¢ yuerom (3.40), HaxoauM ycCioBUE

IIOJIy4YE€HUs MAaKCHUMAaJIbHOIO 3HAYEHHUS B B Hamxyxmen touke. [locie mpeoOpa-

3min

30BaHuUi nonydnm s €2 = 1
4 2 2
d°—d'a—-3d*(1-a)—a*+a=0. (3.41)

I'papuk 3aBucumoctu d(K,) s AMA ¢ nocnenoBaTeabHbIM PE30HAHCOM IIPH-
BEJICH Ha puc. 3.8.

Kak moka3zeiBaeT aHanus, Ajis 3TOro Bapuanta b > 1, 4To 03HaYaeT MOBBIIICH-
HOE 10 CPABHEHUIO C HEPE3OHAHCHBIM BApUAHTOM 3HAYE€HUE UHAYKTUBHOCTH Ly MA.

OxonyatenbHo A1 D3 nomyunm

2
D, =g, Y24 *a (3.42)

b
d*+a+1
rae d T0JDKHO yAOBIETBOPSTH ycioBuio (3.41).
MakcumanbHOE 3HaUYCHUE I§3m B Ipenenax pabodero nuamnazoHa 4acToT, Ompe-

ACIEIEMOC U3 yCIIOBUA

0B,

0Q

=0, (3.43)

HUMECT MCCTO HA 94aCTOTC

O, 2b*
Q. = PR PYENTRTE (3.44)

H

MakcuMaiibHOE 3HAaUCHHUE ]§3 IIPU 3TOM MOKHO onpenenuTs u3 (3.36) mocne nojcra-

HOBKH (2 = Q,, u3 (3.44) (puc. 3.9). IIpu K, = 1 (y3kononocHseli Bapuant AMA), 4ro
cootBeTcTBYeT d = 1, momy4um st Q = 1

b=Qi; Dy(K,=1)= \g- (3.45)



>

1 Q Q
Puc. 3.5. YacroTHas 3aBUCUMOCTH Puc. 3.6. YacToTHas 3aBUCUMOCTD
HOPMHUPOBAHHOTO OTHOIIICHHS CUT- HOPMHUPOBAHHOTO OTHOIIICHUSI CUT-
HaJI/IIyM [ Hepe3oHaHCHO AMA HaJ/mym s AMA ¢ mapain-
JICIBHBIM PE30HAHCOM
Z, Cu
. T,
YPY
ey — G o
Puc. 3.7. lllymoBas cxema AMA ¢ TpancgopmMaTopom
d _
B3 A
1,00 /__
0,95 \\ / 'u
0,90 » D, . .
’ N\ Lo !
1 L l »
0.85 1 Q K, Q

Puc. 3.9. YacroTHas 3aBUCUMOCTD
HOPMHUPOBAHHOT'O OTHOIIICHUS CHUT-
Puc. 3.8. I'padux 3aBucumoctu d(K,) HaJi/mrym it AMA ¢ ocneoBa-

TEJIbHBIM PE3OHAHCOM



3.1.4. AxTuBHaAs MarHuTHas aHTECHHA
C TIOCJIEIOBATEIIbHO-TTAPAIICIIBHBIM PE30HAHCOM

Jlst pacemaTtpuBaemoro ciyyasi B (3.1) u (3.2) C; =, C, #0.
Bripaxxenue nna By ipu Q; >> 1 u Q, >> 1 umeer Buna

bQ?
[1-a%(Q?-1/d>)]?+b*(Q* -1/d*)*/Q*

(3.46)

HpI/IHIII/Il'[ HCﬁCTBHH AMA ¢ MMOCJICAOBATCIIbHO-TIAPAJUICIIbHBIM PE30HAHCOM
OCHOBAH Ha OAHOBPCMCHHOM BOS,Z[GﬁCTBHPI N Ha HCTOYHHK ITYMOBOT'O HAIIPAXKCHUS, U
Ha HCTOYHHK ITYMOBOI'O TOKa. 3HadyeHue mapamMeTpa b AL PaBHOT'O OTHOIICHUA CUT'-
HaJ'I/H.IyM I10 KpasM JHalla30Ha OIpPCACIIACTCA COINIACHO BBIPAKCHUIO

4 14y, 2 212 4 4
b a"d’K” —2a d2—a —d ' (3.47)
a—2d
Haxosxnenue BbIpakeHU Juist a 1 b B 0011eM BUAE 3aTPyJHEHO, TO3TOMY pe-
KOMEH/IyEeTCSI YMCICHHBIM pacyeT OTHOILIECHMSI CUTHAJI/IIYM C LENbI0 MOUCKA OMNTH-
MaJbHBIX 3HAY€HUI KOAP(ULIHUEHTOB. Y CTaHOBJIEHO, YTO ONTHUMAJIbHOE 3HAYEHHUE KO-
s¢pdunrenta d = 1. D10 NO3BOASAET YIPOCTUTH BHIPAKEHUE

bQ?
[1-2a%(Q% -D]* +b*(Q*-1)?/Q?*

(3.48)

4 =

Koad¢puumentsr a u b, BeIOpaHHbIE U3 YCIOBUS MOJIYUYEHHUS OJUHAKOBOIO U
MaKCUMAJIBHOTO OTHOUIEHHsI CUTHAJ/IIyM Ha TpaHMIAX YacTOTHOTO JHamna3oHa,

PaBHBI
a=1/K; -1, (3.49)
b=K; /(K -1, (3.50)
IIpHU DTOM

D, =K,/ K:-1 (3.51)

Boipaxxenne (3.51) mo3BoJisieT paccuuTaTh 3HaYEHUSI HOPMUPOBAHHOTO Mapa-
metpa D mist AMA ¢ nocienoBarenbHO-NapauieIbHbIM PE30HAHCOM.

3.1.5. CpaBHUTENBHBIN aHAJIU3 XapAKTEPUCTUK PA3JINYHBIX BAPUAHTOB
AKTUBHBIX MArHUTHBIX AHTEHH

3asucumoctu Di(K,), rne 1 =1, 2, 3, 4, paccyntaHHbIE COTIACHO BBIPAKEHUAM
(3.12), (3.21), (3.42), (3.51), mokazanbl Ha puc. 3.10. MakcumanabHOE 3HAYCHHUE OT-



HOLICHHs1 CHUTHal/Ioym obOecreynBaorT npu K, >> 1 AMA ¢ nocienoBarenbHO-
IapajuIeIbHBIM PE30HAHCOM M HE3HAYWTENbHO ei ycrynaromas AMA ¢ nocnenosa-
TeIbHBIM pe3oHaHcoM. HanOonbias pa3HuIa B OTHOLIEHUH CUTHAJ/IIYM, KaK MOKa-
3bIBAKOT pacyeThl, IpU CpaBHEHMH BapuaHtoB AMA ¢ mnociaenoBaTenbHO-
NapajuIeJIbHBIM U TOCIEN0BATEIbHBIM pPE30HAaHCAaMH cocTasiseT 5,5%. ComocraBum
XapaKTepUCTUKN PE30HAHCHBIX YCTPOWCTB C XAapaKTEPUCTUKAMM HEPE30OHAHCHOU
AMA, niis yero pacCMOTPUM OTHOLIEHUS:

Ti(Ky) = ngfll)) (3.52)
(Q-
_ 3(921)

[5(Ky) Q=1 (3.53)
=K

T5(K,) = %(Q—K) (3.54)
-K

Ty(Ky) = %(Q—K)’ (3.55)

rKa = B0 (3.56)
Q=

rc) = B:@=0y) 3.57

6(Ky) B(Q=0.) (3.57)

I'paduku 3aBucumocreit (3.52)—(3.57) npeacrasnensl Ha puc. 3.11, npu 3ToM
I''(Ky) u I'y(K,) xapakrepusytor otHomenus B, u B; k B; Ha HmKHHMX 4acToTax
muanazoHoB, a [3(Ky) m I'y(K,) — 5T oOTHOmEHMA HA BEPXHUX YaCTOTaX
nuana3zoHoB, I's(K,) n I'¢(K,) xapakrepusyror otHomenus Bs; x B, Ha HadanpHBIX
4acToTaxX IMana3oHOB U HAa YACTOTaX MaKCUMYMOB.

AHalIA3 NpenCcTaBIeHHBIX HAa puC. 3.11 3aBUCHMOCTEN MO3BOJISIET 3AKIFOYUTH
1 (14%0) 11 (SIS

pu HEOOJIBIINX 3HAYEHUSX OTHOILICHUM BEPXHEH 4acTOThHI AUANa3oHa K HUXK-
Hel (D PeKTUBHOCT BCeX pe30HAHCHBIX AMA C TOYKHM 3peHUS OTHOIIEHUS CHUT-
HaJI/IllyM OJIMHAKOBA;

AMA c¢ mapainensusiM pe3oHancoM npu K, > (1 + V2 ) Ha BEpXHEH 4acToTe
Jarna3oHa Oo0eCIeYnBaeT XyJAllee OTHOLICHHE CHUTHAJI/IIyM, 4eM HEpPE30HaHCHAs

AMA, nostomy nipu K, > (1 + V2 ) 3TOT BapHaHT Hellelieco00pa3eH;

AMA ¢ nocienoBarenbHbIM pe3oHancoM npu 1 < K, < 3, He3HaYUTENbHO YyC-
Tynasi BApHAHTY C MapajuleIbHBIM PE30HAHCOM IO OTHOLLIEHHUIO CUTHAJI/IIIyM Ha 4ac-
TOTE MAKCUMyMa, IPEBOCXOJIUT €r0 Ha IPaHMIIAX JUaNa30Ha;
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2,0 2,0 H
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D, \\. x’%g\éf .
rb
0,5 0,5
1 2 4 8 K, 1 2 4 8 K,
Puc. 3.10. HopmupoBaHHbIe Puc. 3.11.CpaBHenue

xapaktepuctuku AMA BapuantoB AMA

npu K, > 3 nanbonee 5pGeKTUBHBI BAPUAHTHI C MOCIEI0BATEIbHBIM PE30HAH-
COM M KOMOMHalLMEH MOCIEN0BAaTEILHOTO U MAPAIIIEIIBHOIO PE30HAHCOB.

3.2. Peaamu3auus npeaeabHbIX XapakTepucTuk AMA

Ananmu3 BblpaxkeHus (3.9) mokas3blBaeT, YTO IMOBBIIIEHUE OTHOIICHUS CHI-
HaJI/IIyM BO3MOHO 33 CUET M3MEHEHHUSI 3HAUCHUS! HMXKHEH 4acTOThI AMANa30Ha My
IIyTEM BBEACHUS JOMOJHUTEIBbHBIX YaCTOTHBIX MOJAJMANA30HOB. DTO MPUBOIHUT K
YIIYUIIEHUIO YCIIOBUM COTJIACOBaHUSA IO IIyMaM i 00jiee BRICOKOYACTOTHOW YacTH
3aIaHHOTO pabouero Auana3oHa 4yacToT.

MN3menenne HavaabHOM YaCcTOTHI IMAa30Ha 03HA4YaeT, YTO JIOJDKHA ObITh M HOBAs
4acToTa COIJIacoBaHUA 'c, HA KOTOPOM BBIMOJHAETCS paBeHCTBO '.Ln =
= Rronr. B CBSI3M ¢ 3THM MOXHO yKa3aTh Ha J[Ba Crioco0a BBEICHHS JOTIOJHUTEIHHBIX
YaCTOTHBIX JAANAa30HOB.

[TepBBIii crOc0o0: yMEHbIIICHHE 3HaUeHUsI Lo TTpu HEeM3MEHHOM 3HadeHUU Rrop,
YTO COOTBETCTBYET ycClIOBHIO ®'.L'A = Rron,. I3MeHenne L, BO3MOXKHO, Hanpumep,
MyTEM KOMMYTAaIlMU YUC]Ia BATKOB MA.

Btopoii crioco6: yBenuuenue 3HaueHUsI Ry, TpU HEM3MEHHOM 3HAYCHHUH L,
YTO COOTBETCTBYET yCHOBUIO ®'.L'A = R'roy. I3MeHenue Rp,,; peanusyercs BBexe-
HUeM B AMA J1ONOJIHUTENBHOTO MAaCCUBHOTO COIVIACYIONIETO TpaHchopmaTopa ¢ Ko-
s dunmentom Tpanchopmaluu, paccuutbiBaeMbiM 10 (3.33), a Takxke, Kak Oyner
MOKa3aHO HUXE, C TOMOIIbIO aKTUBHOU TpaHCc(opMaIiuu.

[Ipumenenue cornacytomero Tpancopmaropa, Kak rnokaszano B m. 3.1.2, mo-
3BOJISICT YJIY4YIIUTh napaMmeTpsel AMA ¢ 3aJaHHBIM 3HAYEHUEM HHAYKTHUBHOCTHU L.
OpHako 3TOT cnoco0 HE OTBEYAET COBPEMEHHBIM TPEOOBAHMSIM HMHTETpAIU3ALUU U
MUHUATIOpU3alMKU ycTporicTBa. Hanbosiee BBITOJHOM ¢ 3TOW TOUKH 3pEHHUS SABIISETCS
TpaHchopMalus ¢ MOMOIbo AD.

Paccmotpum napamiensHoe coequHenne AD, pencTaBileHHoe Ha puc. 3.12,a.



KBagpar mymMoBOro HanpsiKeHuHs Ha BBIXOJE PaBEH

2 2 2 2 2 . : S ) 5
uy =e K+ e K5 + (1 RrKy + 15 RrKy)™ + (1R rKS + 1,0RPKD)

Puc. 3.12. DxBuBanenTHas mymoBas cxeMa AMA
C mapaJjuleIbHBIM BKIIFOUeHueM AD

ITpu oguaakoBeIX K| 1 K; 1 uaeHTHIHBIX AD (€41 = €up = €3 1yt = lup = 1)
uly = 2e%, K + 8i%,R* K7 (3.58)
Jnist cxemsl puc. 3.12,0:
uzm = szszz + 8i2mzR2rK22. (359)
Ha ocnoBanuu (3.58) u (3.59) coctaBuM cUCTEMY ypaBHEHUIA:
e’uy = 2e’uK? /K25,
) s s (3.60)
imZ:8i I]_[K /K >.

OnrumanbHOE 3HaYEHNUE CONTPOTUBIICHUSI HCTOYHHKA ITPU COTJIACOBAHUU 110
IrymMaM paBHO

2 2 212
[t [2e2KPK2 e, Ry,
RFonT_ = = = 5

% 8i°uK’K’s  2i, 2

1€ Rronr — ONTHUMaIbHOE CONPOTUBICHUE UCTOYHUKA CUTHAJIA JIJIS KaXKJI0TO U3 UC-
XOJIHBIX YCHJIMTENEH.

Hcnonb3oBaHue MapayieIbHOTO BKJIIOYEHHUS N’ YCUIIUTENIBHBIX 3JIEMEHTOB Ha
BXOJI€ YCTPOMCTBA MO3BOJISIET U3MEHATh 3HAU€HUE Rr; COTIACHO BBIPAKEHUIO

RFonT = RFOHT / 1’1’. (361)



B srom cimydae ycTpolcTBO pabOTaeT Kak MOBBIMAOIMUN TpaHchopMaTop ¢
K03 puLeHTOM TpaHCHOpPMALIUH

= [Rrom (3.62)

o,L,b’

!

n=n

[lomyyeHHOE TIpHU 3TOM 3HAYEHHUE OKPYIJISETCS 10 OJIMKANUIIEro LEJ0ro YUcia.
Opnnako Takod crnoco0 NMpUMEHUM TOJbKO Ipu n > 1. Ilpu n < 1 cutyauuro Moxer
YIIYUIIATh MOCIEA0BATEIbHOE BKIIOUEHHE YCUIIUTENbHBIX JIEMEHTOB, YTO peaau3y-
ercs B Ju(pPpepeHnaTbHOM YCUIIUTEIE, IIIyMOBasi CXeMa KOTOPOIo MpPEeICTaBlIeHa Ha
puc. 3.13. KBagpar myMoBOro HanpsKEHUs Ha BBIXOJE PABEH

2 2
u2H.I = ezlezl + eszKZZ + izml (&) K21 + i2m2 (&) KZZ-
2 2

IIpy naeHTHYHOCTH MAPAMETPOB YCWINTENEH U AD, KaK U B IPEABIAYIIEM CIIy-
4ae, MOXKHO 3aIIUCaTh

uly =25, K + %iszerz. (3.63)
eml I{1
. 1 1
R, :
2 ml
R <
r |::|RH u,
RF
? Ly € K

Puc. 3.13. DxBuBanenTHas mymoBas cxema AMA
C MOCIIEIOBATEIBHBIM BKITIOUeHHEM AD

CpaBnuBas (3.63) ¢ BelpaxkenueM (3.59), nonyuum

e’ux =2e¢’uK? /K,
2. K2 (3.64)
2K’s

:2
1 m> =

Torpa ontuManbHOE CONPOTUBIEHUE Rroys PABHO:

e ux 2e’uK? 2K*s €,
RFOHTZ Al =4l 2 5 5 = 2 B = RFOHT-
1w 1 mK ) K lm




B o6mem cnydae Rropy = n'Rygnr, 0TKY IR

n=n'= M, (3.65)
R

Tomt

i€ N OKPYyTJIAeTCs 10 OMuKaiIIero meioro 4ucia.

Taxkum o6pazom, JIY B cxeme AMA BBICTYMaeT B POJIM IMOHMKAIOIIETO TPaHC-
dbopmaropa. Kak yxxe ormevasiocs panee, B AMA 3T0 M03BOJISI€T CYIIECTBEHHO OCa-
OUTH SIBJICHWE HMCKAXEHUS IHUarpaMMmbl HampaBieHHOCTH MA-aHTeHHOro 3(¢deKra.
Kak BUIHO M3 MPOBEIEHHOTO aHaln3a, Ipu npuMeHeHnu Y B 3TOM ciiydae clienyer
YUYUTBHIBATh U3MEHEHUE ONTUMAJbHOIO 3HAYEHUS BHYTPEHHETO CONPOTHUBIICHUS HC-
TOYHUKA CUTHAJIA.

Ha puc. 3.14 uzo6paxens: AMA, 1MO3BOJISIONIME MOJy4aTh PaBHOMEPHYIO
AUX ¢ momompo MectHOoU mocnenoBarenbHoii OOC (puc. 3.14,a) u ¢ TOMOIIBIO
obmeit mapaminensHoit OOC (puc. 3.14,0).

Koaddunment nepenaun ycrpoiictBa ¢ nocnenoBarenbHoir OOC He 3aBUCUT
OT CONPOTHUBIICHUS] UCTOYHUKA CUTHAJIA Z U ONPEAEISIETCS COTVIACHO BBIPAYKEHUIO

Ho=Ru/ Zoc,
rie Zoc = Loc(o).

Jlis yerporictBa ¢ o6wei napamiensHoit OOC
H() = Roc/ Zr. (366)

YacroTHas 3aBUCUMOCTb Ko3(ppuuuenta nepenaun B AMA ucnonbs3zyercs s
IIOJIyYEHHsI TIOCTOSIHHOTO BBIXOJHOTO HANPSDKEHUS, TaK KaK JACHCTBYIOIIAS BBICOTA
MA — BennunHa 4acTOTHO-3aBUCUMAs [7—8]. B 3TOM UM 3akiroyaercst OAUH U3 dJe-
MEHTOB MHTETPAalMU NacCUBHOU MA u ycwimrens B eauHoe ycrpoructso — AMA.

Paccmorpum cxemy AMA, BBIITOTHEHHYIO COrJIacHO puc. 3.15, roe npuMenena
pe3uctuBHas napamiensHas OOC B coueTaHUU ¢ TACCUBHBIM TPaHC(HOPMATOPOM.

[Ipoananu3upyeM BIIMsIHUME IIYMOB pe3ucTopa Roc Ha BENIWYMHY OTHOLICHUS
CUTHAJI/IIyM, MPUBEJECHHOTO K BXOJY YCHJIMTENS, KOTOPOE MOYKHO 3amucaTh B Cle-
IYIOIEM BUJE:

, (3.67)

rae  eyoc — LyMbl pesucropa Roc;
Zr = Rronr = 0L, ipu corsracoBannu Ha 4acToTe ..

s DJ1C, HaBoaumoit B oOMoTKe L, cipaBeyTMBO BhIpaKEHUE

en=AE [0/|Zy,)|. (3.68)




Zy
rae  Zrm = —; — CONpPOTHBIICHHE OOMOTKH Tpanchopmaropa L;;
n

a 6

Puc. 3.14. Bapuants! BeinonHenus AMA ¢ nocieqoBaTenbHoM (a)
U ¢ napamensHoit (6) OOC

Puc. 3.15. AMA c tpanchopmaTopom Ha Bxone AD

TOr'Z1a Ul BBIXOAHOT'O HANPSHKEHHUS MOYKHO 3aIUCATD €y = €11 (n), 1€ Ty — KO-
s uUIMEHT nepeaayu cCurHana u3 oOMOTku L, Ha BbIXOA yCcTpoiicTBa:

R R
T = ocm _ tocm) 2 (3.69)
Zrn) Zy

[Ipu BBeneHuu TpanchopmaTopa cieayeT NoAIepPKUBATh BBIXOJAHOE HAMpsHKe-
HUE TIOCTOSIHHBIM, T.€.



o R Rocm
CHepx — AEJ(D‘ZF(H) Tw=AE @cnzrom ROC( ) n? = const, (3.70)

Tont

YTO MOXHO 00€CHEUUTh MPU

R
Rocm) = OI(;(O) : (3.71)

rae Rocq) — BenuuunHa pesucrtopa Roc npu n = 1 (npu orcyrcTBumn Tpanchopma-
TOpa).

JIns HanpspKeHus IIyMOB pe3ucTtopa Roc MOXKHO 3ammcaTh, NpUBOAS €r0 K
BXOJAY YCUJIUTEJA:

ezmoc = izmoczzr(n) =4KkT Z2r(n)n2Af, (372)

0C(n)
[Toncrasiss B (3.70) BelpaskeHus 11 Zrmy U Rocn), MOITydum

2
oc=dkT— 1R S PAf = AT R pomAf, (3.73)

Rocy n Rocmn

N3 (3.73) BugHO, uTO BBEAEHUE TpaHC(hOpMaTOpa MO3BOJISET YMEHbBIINUTD MPHU-
BEJICHHBIN KO BXOJy yYpOBEHb LIYMOB pPE3UCTOpa Roc MPOMOPHHMOHAIBHO BETUYHHE
kod(ppunuenta Tpanchopmanuu n. ITo 00CTOATEILCTBO MO3BOJISAET 33/1aTh, HAIPU-
Mep, BETMYMHY IIYMOB Roc MeHbIIE ypOBHS COOCTBEHHBIX ITYMOB YCHJIMTENS Uy B
COOTBETCTBHUH C BBIPAKECHUEM

akT— L R*romAf = (0,1...0,05)u’y, (3.74)
Rocmn

2 2 2 2
rac Uny=Cuny +1 I.].IR Tonr — 4kTLHRr0HTAf)
TH_I — H_IyMOBaSI TeMnepaTypa YCI/IJ'II/ITGJIBHOFO QJICMCHTA.

Torna 3Hauenue n u3 (3.74) paBHo

n=(1o...20)lﬁ = (10...20) I , (3.75)
Tm ROC(O) w —(0)

rae Ty = Roc) / Rromr — Tepenaua Ha yacToTe cornacoBaHus mpu n = 1, T.e. 6e3
TpanchopmMaropa.

Bennuuna T o) onpenensercs UCX0As U3 3aJaHHBIX YPOBHS BBIXOJIHOI'O CUTHA-
Ja W BEJIMYMHBI PEAIbHOW YYBCTBUTEIBHOCTH, JJISi KOTOPOW BEIMYMHA CHUTHAlIA Ha
BXOJIE YCUJIUTENS JOJDKHA OBITH OOJIBIIE MPUBEACHHOTO KO BXOJIY YPOBHS IITYMOB B
3aJJaHHOE YHCIIO pa3 (I pagroBeniaTeNIbHBIX TPUeMHUKOB B 30 pa3 ¢ yueToM TIiry-
ounsl AM 30%).

C ydeTom cka3zaHHOTO



u
T = , 3.76
@ 30 J4KT R, Af (:70)

Tont

d BCIIMYKHA NN paBHA

| _30010..20)T VAKT, R o Af
T u '

il BBIX

(3.77)

Bce ckazanHoe BbIIIE OTHOCUTEIHHO BBEJCHUS MTACCUBHOTO TpaHchopmaTopa ¢
TOYKH 3pPEHUSI IIYMOB PE3UCTOpa OOpAaTHOM CBS3M CIPABEIJIMBO M JIJIsi BapuaHTa
aKTUBHOTO TpaHc(hopMaTOopa C HECKOJIBKUMHU Y .

3.3. Pacuer peaibHOM YyBCTBUTEJIbHOCTH
AKTHUBHOW MATHUTHOMW AHTECHHBbI

Kak ormeuanoce B pasgene 3.1, pacdueT mIyMOBBIX MapaMETPOB YCTPOUCTB C
PEaKTUBHBIM MCTOYHHMKOM CHUTHajla CBSI3aH C AQHAJIMW30M OTHOILIECHHS! CHUTHAJ/LIyM.
OnHako aHanW3 Ha OCHOBE OTHOLIEHHS CHUTHAJ/IIYM B TaKOM BHJE, KaK 3TO pac-
CMOTpPEHO BBIIIE, IPUCIIOCOOJIEH CKOpPEE Il CONOCTABIEHUS XapaKTEPHUCTUK pa3-
JUYHBIX BapUaHTOB, YEM JJIS pacyeTa napaMeTpoB KOHKPETHOIO YCTPOMCTBA, K TO-
My K€ 371ech TpeOyeTcs 3HaHHE IIYMOBBIX AapaMETpPOB €y U 1, TPAaH3UCTOPOB, KO-
TOpbIE B CIPABOYHBIX MOCOOMSAX HA MOJYNPOBOJHUKOBBIE MPUOOPHI OOBIYHO HE
IPUBOIATCA.

PaccMoTpyM MeTONMKY pacyeTa peaJlbHOM YyBCTBUTEIBHOCTH M OTHOLIEHUS
CUTHAJI/IIYM, UCXOAHBIMU JTaHHBIMH JUIsI KOTOPOM SIBISIOTCS TOJIBKO IMPUBOJAMMBIE B
CIIPaBOYHUKAX IIYMOBBIE ITApaMETPbl TPAH3UCTOPOB [6].

Kak wu3BecTHO, BbIpakeHHE Uil KO3(@HUIMEHTa IIymMa YCTPOMCTBA MOKHO
IPEICTaBUTh B CIECIYIOLIEM BUJIE:

2 2 p2
p, =1+ SutlreRr (3.78)
4KTR Af

rac Rr — dKTHUBHOC COIIPOTHUBJICHUC NCTOYHHUKA CUTI'HAJIA.

Kpowme Toro
Fu=1+T4/T, (3.79)

rae T, — myMoBas TeMneparypa yCTpouCTBa.

ITapamerper F; n T MCcnonb3yroTCA U1l OLIEHKU LIYMOBBIX XapaKTEPUCTHUK
ycTpoicTB. OHAKO HEMOCPEACTBEHHOE HMCIONb30BaHUe KOA(h(GUIIMEHTA mIymMa IS
YCTPONCTB C YUCTO PEAKTUBHBIM MCTOYHUKOM CHTHAJIOB HEBO3MOXKHO, TaK KaK B BbI-
paxenuu (3.78) Rr 70mKHO OBITH AaKTUBHBIM, MTOCKOJIBKY CMBICH KO3 dUIIMEeHTA TITy-
Ma 3aKJII0YEH B CPaBHEHUU IIYMOB yCTPOMCTBA M IIYMOB PEaIbHOTO PE3UCTUBHOIO



MCTOYHHKA CUTHAJA.

JUIsl yCTPOMCTB € YKMCTO PEAKTUBHBIM MCTOYHUKOM CHIHAJIOB HamOoJiee WH-
(OpMAaLIMOHHBIMU, KaK YK€ YKa3bIBal0Ch, SIBJSIOTCSA OTHOLIEHUE CUTHAJ/IIYM U CBS-
3aHHAs C HUM peallbHas 4yBCTBUTENBHOCTh E;, paBHas ypOBHIO CUTHANIA, IPU KOTO-
poM oOecreunBaeTcs 3alaHHOE OTHOIIEHHE CUTHAI/IIyM. B cipaBoyHMKax Ha Moury-
IPOBOJHUKOBBIE TPUOOPHI MPUBOAATCS OOBIYHO 3HAaYEHUS KOd(Q(ULIMEHTa LIyma
TPaH3UCTOPOB UJIM UX IIYMOBOI TeMneparypsl. B cBsi3u ¢ 3TuM 1ienecoodpasHo ObLIO
OBl MCITOJIb30BaTh UMEHHO 3TH MapaMeTphl JJIsl pacuera HIYMOBBIX XapaKTEPUCTHUK
AMA, B 4YaCTHOCTHM, pealbHOW YyBCTBUTENbHOCTU. C 3TOH ILENbI0 HEOOXOIUMO
IPEICTaBUTh PEAIbHYIO UYBCTBUTEIBHOCTh KaK (DYHKLIHIO OT KO3(puiueHTa mryma
WIH [IyMOBOM TeMIIEpaTypbl IPUMEHIEMOr0 TPaH3UCTOPA.

Takoe npencTaBiieHre BO3MOKHO ITyTEM BBIPAKEHUS IIIyMOB yCHIIMTENS, pado-
TAIOLEr0 OT PEAKTUBHOIO “HEIIYMSIIEro” MCTOYHHWKA CUTHANOB Zr, yepe3 Ko3pdu-
LMEHT IIyMa TPAaH3UCTOPA U IIyMbl “IIyMSIIEro” UCTOYHUKA C AKTUBHBIM COIPOTHB-
JgeHueM Rr, paBHbBIM MOAYJII0 BHYTPEHHETO CONMPOTUBIICHUSI PEAKTUBHOIO MCTOYHHKA
CUTHaJIa ‘Zr‘. Tak Kak IIyMbl yCWINTENS HE 3aBUCAT OT TOTO, SIBJISIETCS JIM UCTOYHUK

IIyMa IIyMSIIIHM WIH HET, TO TaKOE MPEJICTABICHUE KOPPEKTHO.

Takoli moaxo; OCHOBaH Ha U3BECTHOM METO/IC OLICHKU IITyMOBBIX CBOWCTB Y
MyTEM 3aMeHbI YD HMIyMSIIUM COMTPOTUBICHUEM.

N3 Beipaskenus (3.78) 1yt cyMMapHOTO YPOBHSI IITYMOB YCHUJIUTEIIS

Uy = /€, + iZuR7r

Uy = +/(F, —14KTR [Af . (3.80)

IMOJIy4YuM

PaznenuB neByto u npaByro yactu BoipaxeHus (3.80) Ha 3HaAYEHUE BBIXOIHOTO
CUTHAaJa €y, 3aMUIIEeM JIJI1 OTHOIIEHUS CUrHana/myM B = ey / uy:

B =en/ +/(F, —1)4kTR [Af . (3.81)
[Tpuaumas Bo BHUMaHME BoipaxkeHue (3.5), ¢ yu€rom paBeHcTBa R = ‘ZF , 1St
B nonmyunm
JoE (3.82)

B=A .
J(E, —DAKTAf

Bripaxkenue (3.82) 1mo3BoJisIeT pacCuuTaTh peIbHYH UYyBCTBUTEIBLHOCTH YCT-
po¥CTBa MpHU 3aJJaHHOM OTHOIIICHUHU CUTHAI/IITyM B.

s AMA panuoseniatenbHoro npuémuuka B = 30 ab, yTo nmpuBOAMT K clie-
TYIOIIEMY BBIPaKEHUIO:

J(F, —DAKTASF
Ao '

C yuérom BeipakeHus (3.79) okoHYATENHHO MOTYYUM

E, =30

(3.83)



JAKT Af
E,=30Y—m— (3.84)
AVo

ITpu BeIBONE BRIpakeHuii (3.83) u (3.84) npunsro, uro E, ycTpoiicTBa onpene-
JSieTCA TOJIBKO IIyMaMHu TPAH3UCTOPA BXOJHOIO KAcKaja, T.€. BXOAHOM KacKaj HE CO-
nepxkuT MmecTHeIX OOC, a 1uenu nuTaHusi He BHOCAT JOTOJHUTENbHBIX IIIyMOBBIX CO-
CTaBJISIONIMX. YKa3aHHBIM TpeOOBAaHUSAM OTBEYACT YCUJIUTENb, BBITOJHEHHBIA CO-
riacHo puc. 3.16.

Pe3ynbTaThl pacuéra peanbHOl YyBCTBUTENBbHOCTH AMA 17151 pa3IMYHbBIX TH-
OB TPaH3UCTOPOB NpuBeneHbl B Ta0. 3.1. [Ipu atom Af = 10 xI'11, 3HaUeHHE KOI(-
¢dunmenTa A pacCUMTHIBANIOCH ISl IBYX THUIIOPa3MEpPOB CTaHIAPTHBIX (PEpPPUTOBBIX
crepxaeit H400: |, = 200 mm, d. = 10 mm u |, = 100 mm, d. = 8 mm. [Ipumenenue pe-
30HAHCHBIX METOJIOB IMOBBIIICHHUS OTHOIIEHMS] CUTHAI/IIYM TO3BOJISIET JOTOJIHU-
TEJIBHO MOBBICUTH PEAIbHYIO 4yBCTBUTEIBHOCTD E;, B cOOTBETCTBUM ¢ POpMYII0i

E,, =E,D, /D, (3.85)

rae Dy u D; onpenensitorcst coriiacHO METOIMKe, onucaHHou B . 3.1.1-3.1.4.

Puc. 3.16. Manomymsiimuit ycunurens ais AMA

B Tabn. 3.1 B ckoOkax ykasansl 3Hauenus E,, mis AMA ¢ nocnenoBaTeabHbIM
pezonancoM. Kak BuAHO u3 TaOMUIBI, MOBBICUTH PEAIBHYI0 YYBCTBUTEIBHOCTH B
3HAYUTENIHOM CTENEHU MO3BOJIIET IPUMEHEHHE TPAaH3UCTOPOB C MUHMMAJIbHBIM 3Ha-
YEHUEM LIYMOBOM TeMmeparypsl T, B YACTHOCTH IOJIEBBIX TPaH3UCTOPOB. OnHAKO
IIPU 3TOM ‘Zr‘ = Rrom 11t AMA nMeet 607b1110€ YUCIEHHOE 3HaUEHHUE, a 3TO MPUBO-

JUT K ITOABJICHHIO ITAPA3UTHBIX PC30HAHCOB B IIPCACIIAX pa60qer0 JAuaria3doHa 4aCToT.



Hanpuwmep, anst Rroy, = 40 kOM Ha yactote 150 k' (ayist AMA [IB nuanasona) uH-
OyKTUBHOCTh MA cocrtasiger npubauzurensio 40 mMI'H, Ipu 3TOM UHAYKTHBHOCTb
MA L, COBMECTHO ¢ EMKOCTBIO MOHTaXa, Napa3sUTHON EMKOCTHbIO OOMOTKH aHTEHHBI
U BXOJIHOM €MKOCThIO mojeBoro Tpaniucropa Cy = Cy + Cp + Cy = 10 nd obpazyer
napajuieNbHbIN KoJeOaTebHbI KOHTYp ¢ yacToToi pe3oHaHca Fy =250 kI'n. B cBsi3u ¢
TUM YCTPOMCTBO CTAHOBUTCA HEPAOOTOCHOCOOHBIM B nuana3zoHe yactor CB 525-—
1605 xI'm.

Takum 00pa3om, IPUMEHEHHUE IOJIEBBIX TPAH3UCTOPOB IIEIECOOOpPA3HO IS
JUIMHHOBOJIHOBOM YaCTH PaAvOBEIIATEIbHOIO MAIa30Ha, I CPEAHEBOIHOBOM Yac-
TH HamOoJiee MOAXOASIIUMHU SIBISIOTCA OUIOJISIPHBIE TPAH3UCTOPHI CO 3HAYECHUSAMM
Rronr mopsimka coren om, HanpuMep tuna KT368b. [IpuMmenenne nosieBeIX TpaH3U-
CTOpPOB JJIs1 00JIee BRICOKOYACTOTHBIX UAINIa30HOB CBA3AHO C ONpPEAEIEHHBIMU TPYA-
HOCTSIMH 110 YMEHbLIEHUIO BIUAHUS C,y YCUIIUTENS U COOCTBEHHON EMKOcTH MA.

B cnydyae moneBbIX TpaH3UCTOPOB PEKOMEHIYETCS MCIOJb30BAHUE AKTHUBHOTO
TpaHcopMaTropa MYTEM MAPAUIEILHOTO BKIIIOUYEHHSI MOJEBBIX TPAH3HCTOPOB BO
BXOJIHOM KaCKaJie, YTO MO3BOJISIET YMEHBIINTD Rroys, KAK 3TO IOKA3aHO BBILLIE.

Kax Bumno u3 tabn. 3.1, Becbma 3peKTUBHBIM METOJOM TOBBIIICHUS PEaTb-
HOW 4yBCTBUTEJIBHOCTH SIBIISICTCS TAKXKE yBEJIUUYEHHE TabapuTOB (PeppUTOBOI aHTEH-
HBI, YTO NPUBOJUT K POCTY JACHCTBYIOLIEHU BBICOTHI.

Taomuua 3.1
[ymoBsle xapakrepucTuku AMA
E,, MB/M (Epq, MB/M)
Tun . CepACUHUK CepACUYHUK
TpaH3HUCTOpa Tm, K RFOHT; kOm IOHT’ MA Ic =200 MM, Ic =100 MM,
d.=10 mm d. =8 MM
/B CB B CB
148-285 525-1607 | 148-285 525-1607
Kl'1g Kl'1g Kl'1g Kl 11
bunonsipabrii 30 0,2 0,2 1,06(0,68) 0,57(0,40) | 2,33(1,50) 1,25(0,88)
KT368b
bunonsipHsIii 13,5 46,4 0,03 0,71(0,46) 0,38(0,27) | 1,56(1,00) 0,84(0,59)
KT3107
Ilonesoit 8,5 16,6 1,5 0,56(0,36) 0,30(0,21) | 1,23(0,79) 0,66(0,47)
KII303A
IloneBoit 7.5 12,7 2,3 0,53(0,34) 0,28(0,20) | 1,17(0,76) 0,63(0,45)
KII303B
Ilonesoit 4.4 33 4,0 0,40(0,26) 0,21(0,15) | 0,88(0,57) 0,47(0,33)
KII323A-2

Ncnonsiyst Beipakenus (1.8) u (3.81), momyuum 11 4acTOTHI JUaria3oHa, riae



JAKT,R
h

a

Tont

Af
E, =30 .

(3.86)

N3 BeIpaskenus (3.86) BUIHO, YTO MAKCUMM3ALIUSI PEAIbHOU YyBCTBUTEILHOCTH
YCTpOMCTBa TpeOyeT HapsAy C MPUMEHEHUEM MAJIOIIYMSIIUX TPAH3UCTOPOB YBEIU-
YEHUs JEeUCTBYIOIIEN BBICOTHI MA.

3.4. MHOFOI[I/IaHa3OHHbIe AKTUBHBIC MATHUTHbBIC AaHTCHHbI

[Ipu pazbuenun paboyero AuanazoHa 4yacTOT Ha MOJAJMAIA30HbI (cM. 1. 3.2) ¢
LENbI0 00ecreyeHus! YCIOBUIM COrIacOBaHUs MO LIyMaMm JUIsl MOJYy4YEHUs HauTydllen
peanbHOW YYBCTBUTEIBHOCTU B Mpeleiax KaKIoro nojauanazoHa MPOUCXOIUT H3-
MEHEHHME psana napameTpoB AMA, a He TOJIBKO YaCTOTHI COTJIACOBAHUS (.

AHan3 BBIIIOJIHUM JUIS HEpe30oHaHCHOTO BapuanTta AMA ¢ napamiensnon OC,
T.€. ipu ycaoBuu a = 0, d = co. [Ipeanonoxum, 4To CynieCTBYIOT JIBa BapUaHTa yCT-
poiictB (puc. 3.17) ¢ pa3auYHBIMU MMapaMeTpaMH paccoriiacoBaHusi by, u by, T.e. ¢
pa3IMYHBIMHM 3HAYEHUSMHU YacTOThI COTJIACOBAHMS ., TAaK KaKk b = o, / ®,, U HEU3-
MEHHOU 4aCTOTOU ;.

Roc(byy)

MA, K,,

MA, Ky,

ny R

Roc(byn)

Puc. 3.17. AByxauana3zonnas AMA
Bri0op 3HaueHust Roc, kak OyJeT mokaszaHO jJajiee, CYIIECTBEHHO BJIMSET Ha

napameTpbl AMA. PaccMOTpUM HEKOTOpPBIE peKUMBI paboTel AMA, KOTOpbIE MOTYT
OBITh pealn30BaHbl HA MPAKTUKE MPU MPOSKTUPOBAHUM JIBYXAHana3oHHbIX AMA.

3.4.1. Pexum paBeHCTBA BbIXOAHBIX HAMPSKEHUIN
IIPU peaIbHON YyBCTBUTEIBbHOCTHU

BrixonHoe Hanpsbkenue AMA paBHO



Ugnix — eHTAMA- (387)

JIist HampspKeHUsT curHaida U K03 (GUIIMEeHTa Tiepeiadu YCTPOWCTBa U3 BhIpa-
xenuit (3.5), (3.8) u (3.66) (mpu K >> 1) moxHO 3anucarhb

en=A o,R .bQE. (3.88)
TAMA = ROC / (jRFonTbQ)- (389)
Torma
Ao R
Uy = AN Z0C | (3.90)
R b

Tont

PaccmarpuBaeMblii peskUM COOTBETCTBYET 3HAUYCHUIO Roc, KOTOpoe obecreun-
BACT PABEHCTBO 3HAYEHUU BBIXOJHBIX HANPSIKCHUM IPU PABEHCTBE OTHOLIECHUW CUT-
Hain/mym AMA B oboux mnonauama3oHax. Haiinem ycimoBue, KOTOPOMY JOJKHO
YAOBIETBOPATH IPpH 3TOM Roc. B cooTBeTcTBHM € BhipaxeHueM (3.9) niust yacToTsl €O,
=, / ®y TOTYIUM

B =gE//2b, (3.91)

OTKYyJia BUIHO, YTO JUISl PEAJIbHBIX YYBCTBUTEILHOCTEH BBITIOJIHSETCS COOTHOIICHHE
(mpu B = const)
Ep (bll) _ bll
E, (b)) b,

(3.92)

N3 BeIpaskeHus juis BeixoaHoro HanpsbkeHus (3.90) ¢ yuerom (3.92) cnenyer,
YTO PABEHCTBO BBIXOAHBIX HANIPSDKEHHUIM UMEET MECTO TIPH

Roc(bi1) = Roc(b12). (3.93)

[Ipn omMHAKOBOM 3HAYECHWUU HAMPSHKEHHOCTH MOyt E IS BRIXOJHBIX HaIps-
xxenuit u3 (3.90) ¢ yuerom (3.93) nonyuum

uBLIX (bll) — b12 (394)
uBLIX (bIZ) bll

YTO O3HAYaeT POCT BBIXOJIHOTO HAMPSIKEHUS MIPH Mepexojie Ha 0osiee BHICOKOYACTOT-
HBIM MOJITMana3oH npu by, < by 1ub0 ero yMeHbllIeHHEe MU Nepexo/ie Ha 6oiee Hu3-
KOYaCTOTHBIN MOJMAMNa3oH npu by, > by, Takum o6paszom, 1 paccMaTpruBaeMoro
pekuMa CIpaBeIIUBhI CIETYIOUUE COOTHOIICHUS TAPaMETPOB:

Roc(by) =Rpe(byy),
Upeix (bll) — b12 . (395)
L (b12) b11




N3 (3.95) BunHo, uto npu by, < by; B 60J€e BHICOKOYACTOTHOM MOJITUANIa30HE
Ha0JII0/1aeTCA YBEIMUYECHHE BBIXOJIHOTO HanpsbkeHus. B cBsi3u ¢ 3TUM paccmaTpuBae-
MBI pexuM padboTel AMA, XapakTepu3yromuics MOCTOSSHCTBOM Roc B 00oux noa-
Jyara3oHax, MPUBOAUT K IOSABICHHIO HepaBHOMepHocTH AUX. [Insg yMeHbIIeHUs
HepaBHOMepHOCTH AUX B AMA 0oree BBICOKOYACTOTHOIO MOJIUANa30Ha MOXKHO
BBECTH JIONOJIHUTEIBHBIN KacKaa ¢ KO3QPUUMEHTOM Nepenadu, KOTOPbIA MOJIHOCTHIO
KOMIIEHCUPYET Pa3HHUIly B YPOBHSX BBIXOJHBIX HaIpSKEHUH B OOOMX YaCTOTHBIX
NOAMANa30HaX.

3.4.2. PexuM paBEHCTBA BHIXOJIHBIX HAMPSIKECHUIN
P PABHBIX 3HAYCHUSIX HAMPSKEHHOCTH OIS

C uenbto ymeHnblieHuss HepaBHoMepHOCcTH AUX AMA mnpencraBisercs 1ene-
COO0Opa3HbIM COOTBETCTBYIOIIUM BBIOOPOM 3HaueHH Roc obecneunTh paBEeHCTBO
BBIXOJIHBIX HampsikeHut AMA B pa3HbIX YaCTOTHBIX MO ANANa30HaX.

[Ipu cpaBHeHMHM HEpPE30HAHCHBIX BapuaHTOB AMA U paBEeHCTBE BBIXOAHBIX
HAIPSHKEHUH Uy (b11) = Upyx(b12) MOXKHO 3amucaTh

A\/(DHROC (bll)E(bll) _

uBLIX(bll) =
RFonTbll
_ Ao, Roc(bp)E(b)) _

- uBLIX(bIZ)) (3 . 96)

Tont

OTKYJla IIpU paBeHCTBE A, ®y, E 1 Rroyy, T.€. IPU UACHTUYHOCTH XapaKTEPUCTUK (ep-
PUTOBBIX CTEPKHEN M YCWIIMTENIEH I OAHOTO M TOTO K€ YaCTOTHOTO IMana3oHa

Roc(bi2) = Roc(bi1) /by, /by - (3.97)
[Ipu by; = 1 monmyyum

Roc(b12) = Roc(bi1)+/by, - (3.98)
Takum 00pa3oM, OKOHYATEILHO MOKHO 3aIMCaTh CIEAYIONINE PaBeHCTBA!

uBLIX (bll) = uBLIX (b12) s
ROC (bll) — b11 . : (399)
1{OC (b12) blz

3.5. Ilpumepsnl pacyeToB AKTUBHON MATHUTHOM AHTEHHbI

3.5.1. Pacuer mupokononocHoi AMA

PaccuuteiBaecmass AMA npeacrasieHa Ha puc. 3.15.



1. McxonHble JaHHBIE K PacyeTy:

— nuana3oH BojH 148,5-285 kI'u (IB);

— peanbHas 4yBCTBUTENIBHOCTh He Xyxe 0,5 MB/Mm;

— MaKCUMaJlbHasi HapsLKEHHOCTh ot 3 B/w;

— BBIXOJIHOE HAIPSIKEHUE MPU HANPSHKEHHOCTH MOJIA, PABHOM peallbHOW 4yB-
crButeabHoCcTH, 100 MKB.

2. B pe3ynbTaTe pacueta HEOOXOAUMO ONPEIEIUTD CIEIYIOIIEee:

— THUI YCWJIMTEIBHOTO AJIEMEHTA U €ro XapakTepUCTUKU Ty, Rronr;

— mapameTpsl naccuBHOM MA: |, d., pa, La, n, na, hy;

— napameTtpsl nenu OOC Roc;

— mapameTpsl AJIEMEHTOB Lenu coraacoBanus C, Cy;

— napameTpsl AMA hyama, Epn
3. Bb10Op THNa YyCUIIUTENBHOTO 3JIEMEHTA.

N3 taba. 3.1 BUIHO, 4TO yKa3aHHAS B 3a/laHUU peabHasi YyBCTBUTEIBHOCTD 110
MIOJIF0 MOXKET OBITh MMOJIy4Y€Ha IPHU UCIIOJIb30BAaHUU B aAuana3one /IB moseBoro tpan-
3ucropa. Beibupaem tpansuctop tuna KI1303B.

4. Be16op (peppUTOBOro cep/ieUHUKa MarHUTHOW aHTCHHBI.

YuuTeIBasg peKOMEHAALMH, CACIAaHHbIE B pa3nene 1.2, mid yBenndyeHus OencT-
BYIOLIEH BBICOTHI aHTEHHBI BbIOMpaeM Juisl auanazoHa /(B ¢eppuToBslil cepreyHuk
mapku 2000HH. I'eomerpuueckue pazmepsr: d. = 10 MM, |, = 200 mm.

5. BriOop BapuaHTa coriacoBaHus.

JUIst 1OCTUKEHUsI HaUBBICILEH pealbHOW 4yBCTBUTENbHOCTH AMA BbIOHMpaem
BapUaHT C MOCJIEA0BATEIbHBIM PE30HAHCOM.

6. Onpenenenue 3PHEeKTUBHON MATHUTHOW MPOHUIIAEMOCTH MAarHUTHON aHTEHHBI.

W3 rpadukos, npuBeaeHHBIX Ha puc. 1.2, momy4yaem s (I / d.) = 20:

Uamax = 177,6.
7. KoadpummeHT mepekpbITHs Auana3zoHa mo 4acTore:

K=o,/ 0, =285/148,5=1,92.
8. [Tapamerp a:

a=—(1+K%)/Ky=—(1+192%/1,92>=-1,27.
9. [MapamerTp d:

Anannsupys rpapux gpyskunn d(K,), npu K, = 1,92 vaxoxum d = 0,888.
10. [Tapametp b:

_ d’ _ 0,888
J2d>+a  4/2-0,8887 —1,27
11. HopmupoBanHublii nmapametp D:

Vadi+a 888\/&-0,8882 ~127

d*+a+1 0,888* —1,27 +1

b

— 1,41,

D;=d =1,115.

12. YacroTa MMOCJICAOBATCIIbBHOT'O PC30HAHCA:



fi=1,/d=148,5/0,888 = 166,85 I'll.
13. YacToTa mryMOBOTO COTJIacOBaHUS:

f.=1,/b=148,5/1,41 =105,32.
14. UnpyxtuBHocTh MA:
_ Ry 12700-1,41

= =19200 MxI H.
2nf,  2-3,14-148,5-10°

La

15. Pacuer nelictByromieii BbiIcOTbl MA.
Pacuer npoBoauM 115t HUKHEH 4acTOThI [uana3oHa f,, canras d. = dy:

hll = humax(P(Xp Y):

OTKyJia MPU PaBHOMEPHOM paCIpe/IeICHUH BUTKOB KaTYIIKH 0 BCEH JIMHE QeppH-
ToBoro crepxkusa ¢(X, Y) =1, cunras |, = |, momyugaem h, = h,p.x

hymax = 1,25 - 107 fd. \/E MAmaxLAi 1+ i =
d, d,

=1,25-1070,1485 - 1,04/20,/177,6 -19200 - 1(1+ 1) = 21,7 mm.

16. Pacuer eMKOCTH KOPPEKTUPYIOIINX KOHJIECHCATOPOB.
B BrIOpanHOM Bapuante cornacoBanus C, =0, a

1 1
Ci = 2 - 32 6
Qnf )L,  (2-3,14-166,86-10°)219200-10

=47,43 n®.

[Tpunumaem C; =47 n®.
17. Koaddunuent nepenaun T g) Ha yacTOTE IIyMOBOI'O COIJIACOBAHMS.
st tpansuctopa KI1303B T, = 7,5° K npu Rrgpr = 12700 Owm, 3nauenne Af
npuHuMaeM paBHbiM 10 k', Toraa
-6
T = Zoun - 100-10 ~ 14,54,
30\4KT, R e AT 304/4-1,38-10727,5-12700-10 - 10°

18. Koaddunment tpanchopmariu:

n=20 T = 20& =
T, T  7.5-14,54

53,74.

[Tpunumaem n = 54.
19. Pe3ucrop oOpaTHO# CBS3H.

Yuaursisast, 910 T(g) = Roc() / Rrom, @ Roc = Roc(o) / 0, momy4nm
R — ToRrom _ 14,54-12700
oc = =

n

= 3420 Owm.




[Tpuaumaem Roc = 3,5 kOm.
20. Koappuument nepegaun T, Ha HUOKHEN 4acTOTE IMara3oHa.
Tak kak T, = Ty / n, TO
R R
T,= =92 =09y = 350? <94 =10,56.
Zr 7 2-3,14-148,5-10° -19200-10
21. KonuuecTBO BUTKOB MAarHUTHOM aHTCHHBI.

PaccuuteiBaem mapamerp q oo [9]:
1 1

~ JLd,pam,  4/0,0015-1-177.6-1-1-1

=1,938.

q

Torna
na =q+L, =1,938419200 = 269.

22. PeanbHast 4yBCTBUTEIbHOCTE AMA.
PaccuuThiBaem miomniaab BUTKA aHTCHHBI:

S, =nd% /4=3,14(10 - 107)*/4=78,5- 10" m.
PaccuuteiBaeMm 3HaueHne napamerpa A:
A=10°qS,us/ C=10°1,938 -78,5-10°177,6 / (3 - 10°)=0,90 - 10"

Torma mjist MUHMMAJIbHOW YaCTOTHI IMANa30HA MOTYYHUM:

_30J4KT,Af D, _ 30y4:138-1027,5-10° 0707 _ 0o o

" AJo Dy 0901-107+/2-3,14-148,5-10° L115

23. [etictBytomiast Bbicota AMA:

6
hyama = Ug 100107 0,247 M.

E 0,445-107°

pu

3.5.2. Pacuer y3komnonocHoii AMA

1. JlaHbI:
— yacrtoTta curhana f, = 150 xI'n;
— ImMpHHA crekTpa nojesHoro curiana Af = 10 kI'm;
— mymoBoi napametp Y3 Rronr = 12,7 kOMm.
2. B pe3ynbrare pacuera TpeOyeTcs OnpeneauTh BEIHMYUHY UHAYKTUBHOCTH MA H
3HAYEHUE peabHOI 4yBCTBUTEIbHOCTH AMA.
3. Pacuet napamerpa b.
V3kononocnas AMA osnauaer, uro K, = 1. B nannom cinyyae AMA mnpen-
CTaBJIAET COOOM MapauieNbHbIN KoJie0aTeabHbINH KOHTYpP Ha Bxoze Y 0.
PaccuuThiBaeM BeIMYMHY SKBUBAJICHTHON JOOPOTHOCTH BXOJHOM IEMH:



Q=1f./Af=150/10=15.
3areM paccuuTbIBaeM mapametp b:
b=1/Q=1/15=0,0667.
4. YactoTa I1yMOBOI'O COTJIaCOBAHUS:
f.=1:/b=150/0,0667 =2248,9 I 1.
5. Pacuer nanyktuBHOCTH MA:
R

A=

rom® _ 12700-0,0667
2nf,  2-3,14-150-10°

= 0,889 mMI'H.

6. PacueT eMKOCTH KOPPEKTUPYIOLIUX KOHIEHCATOPOB.
B BeiOpanHoM BapuanTe cornacoBanusi C; = co (Hanpumep, C; = 1,0 Mk®D), a

1 1
G = 2 - 32 3
Qnf. )L, (2-3,14-150-10°)20,899-10

Eciu AMA sBasieTcs HacTpauBaemMoil B HEKOTOPOM JUara3oHEe 4acToT (Ha-
npumep, B Auanazone /[B), To paccunTaHHas BeIWYMHA €CTh HE YTO MHOE, KaK MaK-
CHMaJIbHOE 3HAYCHUE €MKOCTH HCIIOJIb3yEMOr0 IMEPEMEHHOrO KOoHAeHcaropa. Jlid
YMEHBUICHHUS] MAKCUMAJIbHOW €MKOCTH MEPEMEHHOTO KOHJECHCATOPA MOXHO HCIOJIb-
30BaTh BapuaHT AMA ¢ akTUBHBIM TpaHC(HOPMATOPOM, T.€. IPUMEHSS apaieIbHOE
coenuHeHrne Heckoabkux AD. Ilpu n' = 4 BeawymHA €MKOCTH COCTaBUT 1254 / 4 =
=313,5 n®.

7. HopmupoBanHsiil mapametp D:

= 1254 n®.

D,=.Q,/2 =+15/2 =274,

8. Pacuer gelictBytoiieit BBICOTb MA

Pacuer mpoBoaum 11t HUKHEH yacToThl auanasoHa f; = 150 k', cunras d. =
= dki

hll = humax(P(Xp Y):

OTKyJia MPU PaBHOMEPHOM pacCIpe/IeICHUH BUTKOB KaTYIIKH O BCEH JIMHE QeppH-
toBoro crepxkusa ¢(X, Y) =1, cunras |, = |, momyugaem h, = h,p.x

hymax = 1,25 - 1Oizfdc \/E oA max LA i 1+ i =
d, d,

=1,25-10720,1485 - 1,04/20,/177,6-899 - 1(1+ 1) = 4,69 mm.

9. KoimnuecTBO BUTKOB MATHUTHOU aHTEHHBI.
PaccunteiBaeM mapametp q o [9, c. 168]:



1 1

= = = 1,938.
JL'dpaprqom,  +/0,0015-1-177,6-1-1-1

q

Torna
na =q.L, =1,938+899 =358.

10. PeanpHas uyBcTBUTENBHOCTE AMA.
PaccuuThiBaem 1uiomniaib BUTKAa aHTEHHBI:

S, =md% /4=3,14(10 - 107)*/4=178,5-10° m.
PaccuuteiBaeM 3HaueHne napamerpa A:
A=10°qS,ua/ C=10"1,938 -78,5-10°177,6 / (3 - 10°) = 0,901 - 10",
OKoOHYATENTBHO I MHUHHUMAJIBLHON YaCTOTHI Arara3oHa MnmoJay4ruM:

_ 30./4KT, Af D,
o AJo D,

_304-138-10%7,5-10° 0,707
0,901-1077+/2-3,14-148,5-10° 2,74

=0,181 mB/m.
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