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AHHOTaUmA
BBepeHue. Pe3oHaToOpbl Ha OCHOBE 3MUTAKCMaNbHO BbIPALLEHHbLIX MOHOKPUCTANNNYECKNX MIEHOK Xese3o-
NTTPUEBOro rpaHaTa HaxoAAT NpUMeHeHe B CBEPXBbLICOKOYACTOTHOM 31eKTPOoHMKe. 3BeCTHO, UTO C pOCTOM
najaroLen Ha pesoHaTtop CBY-MOLHOCTM HaUNHAKT NPOSIBAATLCA Pa3nNyHble HennHenHble 3 dekTbl: 3dpdekT
61CTabUNBHOCTY, HENVIHEWHBIM CABUI YacTOThl, HEIMHEHOe 3aTyxaHne 1 Ap. B HacTosLee Bpems nepeyunc-
NleHHble HeNMHelHble 3¢ deKTbl 40CTaTOYHO XOPOLLO 3KCNepUMeHTanbHO UccneoBaHbl. PaHee npu onucaHum
KonebaHnn pasNnYHbIX AMHAMUYECKUX CUCTEM HeIMHeNHOoe 3aTyxaHWe N HeNVHEeWHbIM CABUT YacToTbl 06bIY-
HO paccMaTpuMBanUChb MO OTAENbHOCTU. MI3BECTHO, UTO 3TW 3PPeKTbl MOryT BO3HMKATb OJHOBPEMEHHO B Mie-
HOUHbIX peppPOMarHUTHbIX pe3oHaTopax C POCTOM aMMINTYAbI KONebaHNA HaMarHUYeHHOCTU.
Lienb pa6oTbl. [TocTpoeHre MOAENV BbIHYXAeHHbIX KonebaHni B claboHennHelHbIX cucTeMax C y4eToM He-
JINHENHOro CABMra YacToThbl M HENMHENHOro 3aTyxaHus, a Takxe ee 3KCnepuMeHTasbHOe 060CHOBaHMe Ha
npumepe njeHo4YHoro ¢eppoMarHMTHOro pesoHaTtopa.
MaTtepuanbl M MeToAbl. [10CTPOEHME MOAEeN NMPOBOANIOCE METOAOM MeANeHHO MEeHSAILMXCA aMianTya.
JKCnepyMeHTanbHoe ncciejoBaHne NPoOBOAUIOCL Ha MakeTe MAeHOYHOro ¢peppoMarHUTHOro pesoHaTopa.
Mcnonb3oBancd BeKTOpHbIA aHanmsaTop Leneli Rohde&Schwarz ZVA 40. N3mepsanack 4acToTHas 3aBUCUMOCTb
KoapPuLmeHTa oTpaxeHna CBY-curHana ot pesoHaTopa.
PesynbTaTtbl. Mogenb HeNMHeERHbIX KofebaHni HamarHNYeHHOCTU C OAHOBPEMEHHbLIM YYeTOM HeIMHEeHOro
CABWUra 4YacToTbl N HEIMHENHOro 3aTyxaHus. KCNepuMeHTaabHO M3MepeHbl Pe30HaHCHbIe KpYBble NMpu pas-
JINYHBIX YPOBHAX NajatoLleil Ha pe3oHaTop CBY-MoLHOCTY. MoKa3aHo, YTO HennHenHoe 3aTyXxaHne orpaHu-
UMBAaeT HeNVHEWHBIV CABUTM YacTOTbl KONebaHNM HaMarHNYeHHOCTN B KacaTeslbHO HaMarHW4YeHHOM MieHou-
HOM $peppOMarHMTHOM pe3oHaTope.
3aknto4yeHmne. NoCcTpoeHHaa MoJenb afekBaTHO OMMChbIBaeT MOBeAeHNe Pe30HAHCHbLIX KPUBbIX MAEHOUHbIX
dbeppoMarHMTHbIX pe3oHaToOPOB MpPY MOBbILLEHHbIX YPOBHAX CBY-MOLLHOCTW. HenvHeHoe 3aTyxaHne nNpuBo-
ANT K pacLUMpPeHnto pe30HaHCHbIX KPUBBIX, TEM CaMbIM yBennynBasi notepu. 3ToT agdeKkT Takke yBenn4mBaeT
Ko3pPuLMeHT oTpaxkeHns CBY-cMrHana ot pesoHaTopa.
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Abstract
Introduction. Resonators based on epitaxially grown single-crystal films of yttrium iron garnet are used in var-
ious applications of microwave electronics. It is known that with increasing of microwave power incident on a
resonator, various nonlinear effects begin to manifest themselves. There are: bistability effect, nonlinear fre-
quency shift, nonlinear damping, etc. By now, the listed nonlinear effects have been quite good studied exper-
imentally. Previously, when describing oscillations of various dynamical systems, the nonlinear damping and
the nonlinear frequency shift were usually considered separately. At the same time, it was known that, when
studying nonlinear magnetization oscillations in ferromagnetic film resonators with an increase in oscillation
amplitude, these effects could occur simultaneously.
Aim. Development of a model of magnetization oscillations taking into account the nonlinear frequency shift
and nonlinear damping, as well as its experimental justification for a ferromagnetic film resonator.
Materials and methods. The development of the model was carried out by the method of slowly varying am-
plitudes. An experimental study was carried out with a ferromagnetic film resonator. For the measurements,
we used Rohde & Schwarz ZVA 40 vector network analyzer. We measured the frequency dependence of the
reflection coefficient of the microwave signal from the resonator.
Results. A model of nonlinear magnetization oscillations was developed taking into account both a nonlinear fre-
quency shift and a nonlinear attenuation. The resonance curves were experimentally measured at various levels
of the microwave power incident on the resonator. It was shown that nonlinear damping limits the nonlinear fre-
quency shift of the magnetization oscillations in a tangentially magnetized ferromagnetic film resonator.
Conclusion. The developed model adequately describes behavior of the resonance curves of ferromagnetic
film resonators at high microwave power levels. The nonlinear damping leads to broadening of the resonance
curves, thereby increasing losses. This effect also increases the reflection coefficient of the microwave signal
from the resonator.
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Beenenue. PezoHaTopel Ha OCHOBE SIMTaKCH-
aIBHO BBIPAIICHHBIX MOHOKPHUCTAJUTMYECKUX TUICHOK
AKEJIE30UTTPUEBOTO IPAHATA HAXOIAT Pa3InuHOE IpUMe-
HEHHE B CBEPXBBICOKOYACTOTHOM 3neKTpoHuke [1-5].
N3BecTHO, 4TO € pocToM najarolieil Ha pe3onarop CBY-
MOII[HOCTU HAUMHAIOT TPOSIBIATHCS PA3IMYHbIE HEU-

HeliHble 3ddektsr: 3ddexr OucrabmisHOCTH [6-17],
HeNMHEHHBIH casur vactoThl [18-20], HenmHeliHoe
3aryxanue [18, 21], napamerpuueckas pereHeparusi
konebanuit [20] u ap. K HacTosieMy BpeMeHH mepe-
YHCIICHHBIC HENMWHEHHBIE 3((EKTH TOCTATOUYHO XO-
POIIIO SKCIIEPHUMEHTAIBHO UCCIICTIOBAHBI.
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Panee mpu ommcaHum koneOaHWM pazIMIHBIX
IUHAMIYECKIX CHCTEM HEIWHEHHOE 3aTyXaHHe U
HEJMHEWHBIA CIABUT YacTOTBl OOBIYHO paccMaTpHBa-
JIUCH 110 OTAENBHOCTH (CM., Harpumep, [16]). Bmecte
C TE€M HM3BECTHO, 4TO 3TH 3(P(EKTH MOTyT BO3ZHHUKATh
OHOBPEMEHHO B TUICHOYHBIX (hEPPOMATHUTHBIX pe-
30HATOPaxX C POCTOM AMILUTUTYABI KOJIeOaHMA Hamar-
HuueHHoctn [18].

Lenbto HacTOAIIEH CTaThH SIBISIETCS MOCTPOSHHUE
MOJIJI BBIHYKJICHHBIX KojieOaHW B ciaboHEeH-
HEWHBIX CHCTEMax C YYETOM HEJIMHEWHOTO C/BHTa
YacTOThl U HEJIMHEHHOTO 3aTyXaHus, a TAKKe €€ IKC-
MepUMEHTAIEHOE OOOCHOBaHHE Ha MpUMepe Iue-
HOYHOTO ()eppOMAarHUTHOTO PE30HATOPA.

Monenp BBIHYKIECHHBIX HeJIMHEHHBIX KoJIe-
O0anmii. 13 Teopum kosjeOaHWA M3BECTHO, YTO BBI-
HYXJICHHbIE KoJleOaHWs B JMHEHHBIX TUCCHUIIATHB-
HBIX CHCTEMax OIMCHIBAIOTCS YPABHEHUEM

%+ 25% + wdx = Pcos( pt),

Ie X — HOpMallbHas KOOpJAUHATa; & — IapaMeTp pe-
JaKcalliM, y — PE30HAHCHAs YacTOTa CBOOOIHBIX

konebanuii; P — aMmiuTyga BBIHY)KIAIOIIEH CHIIBI,
p — dactoTta BeIHYXAatouieil cuibl. [Ipu Bo3aeiicTBuM
Ha TaKyl0 CHCTEMY MEPUOAMYECKON BHEIIHEH CHIIHI,
BapbUpPYysl €€ YacTOTY, MOXKHO HaOIONaTh U3BECTHOE
SIBJICHHE PE30HAHCA.

IIpu OMHOBPEMEHHOM yYeTe HEIUMHEHHOTO 3aTy-
XaHUs U HEJMHEHHOrO CIBMra 4YacTOThl ypaBHEHHE
KoJIeOaHuH MpHoOpeTaeT BU

%+ 20%(1+ 5@ ) + wfx (1+yx2) = Pcos(pt), (1)

rae B, v — ko3 dunmeHTs HEMTUHEHHOTO 3aTyXaHus U
HEJIMHEWHOTO CIIBUTa YacTOTHI COOTBETCTBEHHO. Ilepe-
YHUCIICHHBIE TMapaMeTpbl SBJISIOTCS (HEHOMEHOIOTH-
yeckuMHU. OHHM BO3HUKAIOT B PE3YJBTATE PA3IOKCHUS
mapaMeTpa AUCCHIALNH ¥ YaCTOTHI B CTETICHHOH PsI.

Vpasuenwue (1) Oymem pemiath METOIOM MEIJICH-
HoMeHsronmxcst ammutyd [21]. CHavyaga npuBenem
YpaBHEHHUE K BUY

K+ x=pf (x, X t), (2)

e U <1 — Ko3(PHUIHMEHT, MOKa3bIBAIOIINI MaJoCTh

npaBoil yactu (2) M HE YYACTBYIOIIHI B pacyerax.
Bynem uckars peuienue (2) B Busie

x = A(t)cos[t+ 9(1)], (3)

rae A(t) u 9(1) — dyHKIMH, C TeueHHEM BpeMeHH
T = pt W3MEHSIONINECs MEJICHHO.
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IJIEHOYHOM (pepPOMArHUTHOM pe30HaTOpe

0 "

Puc. 1. PezoHaHCHBIE KPUBBIE IPH HYJIEBBIX U HEHYJIEBBIX
ko3 huIenTax HeMMHEHHOTO 3aTyXaHUs ¥ HETMHEHHOTO
C/IBUTa JaCTOTHI

Fig. 1. Resonant curves for zero and nonzero coefficients
of nonlinear damping and frequency shift

ITocne psima MaTreMaTH4ecKHUX NpeoOpa3oBaHUil Io-
JIy4UM BBIpaXEHHE, ONMCHIBAIOIIEE PE30HAHCHYIO
KPHBYIO HEJIMHEIHOTO OCIMILIATOpA!

p? = jN —25°D? +

(P2 2) (26707 ~af)” ~fNZ, (@

e N =1+3/(4yA?); D=1+3/(4pA%).

Ha puc. 1 noka3aHbl Ka4eCTBECHHBIE TEOPETUUECKUE
3aBHUCHMOCTH, PACCUMTAaHHBIE N0 (4) IS Pe30HAHCHON
YaCTOTHI M NPH JIMHEHHBIX Koebanmsx (B=0, y=0)

¥ B ClIydae HeMHelHbIx koneGanuit (B>0, y>0). U3

rpadMKOB BUJIIHO, YTO MOJYYEHHOE BBIPAKEHHE OIHO-
BPEMEHHO YYHTHIBACT HEJIMHEWHBIA CIBUT YaCTOTHl H
HENMHeWHoe 3aryxaHue. HenmuelHoe 3aryxanue npuBo-
JT K PacIIMpPEHHIO PE30HAHCHON KPHUBOM U K YMEHb-
IICHAIO aMITIATYIIBI KOJICOAHWH, a HETMHCWHBIA CIBUT
YacCTOThI BBI3BIBAET CIBUT' MAKCUMYMa aMIUTUTYIIbI KOJIe-
0aHMi1 ¥ TOsIBIIEHNE OUCTAOMITEHOCTH.

DKcnepuMeHT. DKCIIEPUMEHTAIBHOE HCCIIEIOBAHUE
TIPOBOIMJIOCH C LENBIO N3YYEHUS peKUMa HETMHEHHBIX
KONeOaHNii HAMATHUYCHHOCTH B IDICHOYHOM (eppo-
marautHOM pe3onarope (II®DP). Pesonarop Gbut u3ro-
TOBJICH U3 IUICHKH jkeie30uTTpreBoro rpanara (OKUT).
Oopazer [1OP (puc. 2) nmen B IITOCKOCTH KBAIPaTHYIO
¢dopmy ¢ pasmepamu ctopoH a=Db=1wmm. Tommmna
IUIEHKH cocTaBsia L =7 mxm. HamarauueHHocTs

HacelmeHna Mg =0.175 Tn. Pesonarop Obul Hamar-

HUYEH B IUIOCKOCTH mosieM Hg =14-10% A/m (puc. 2).
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Puc. 2. Cxemarnueckoe n300pakeHIe MaKeTa pe30HaTopa:
1 — moT0kKKA U3 TAUIHI-TaIOJMHUEBOTO I'PaHaTa, 2 — IJICHKA
JKUT', 3 — KOpOTKOE 3aMbIKaH¥He, 4 — MUKPOIIOJIOCKOBAs
aHTEHHA

Fig. 2. Schematic diagram of the resonator layout:
1 - GGG substrate, 2 — yttrium iron garnet film resonator,
3 —short circuit, 4 — microstrip antenna

HccnenoBanne pe30HaHCHBIX KPUBBIX IJICHOYHO-
ro (eppOMarHUTHOTO pPe30HATOpa MPOBOAMIOCH HA
OKCTIEPUMEHTAIBHOW YCTaHOBKE,
BEKTOpHOTO aHanm3aropa remneii Rohde&Schwarz
ZVA 40, sKcriepuMEeHTaIBLHOTO MakeTa pe30HaTopa
MMOCTOSTHHOTO MarHuTa. XapaKTepPUCTHUKH PEe30HATOpa
Ha menke JKWI' u3mepsuiuch B AMana3oHe 4acToT OT
5.1 no 5.3 I'Tu. Onpenensizics Ko3QOUIMEHT oTpaxe-
Husi CBU-curHana ot pe3oHaTopa Kak (YHKIHMS Ya-

crothi: Sy1 =1010g[ Porp /Prag | 1€ Porp 1 gy —

COCTOSIBIIIEH U3

otpaxenHas u magatomas CBU-momHoCcTH cOOTBET-
CTBCHHO.

Pesyabrarel. Ha puc. 3, a uzo0paxeHsl 3aBHUCH-
MocTH Kod(huimenta orpakenus CBU-curnana or
pe3oHaropa Sqq, MOKa3bIBAIOLUINE PE3OHAHCHBIE KPH-
BBIC, COOTBCTCTByIOHII/Ie KOHGGaHI/IHM HU3IICTIO TUIIA.
W3MepeHus MpOBEACHBI MPH MaIarolield MOIHOCTH B
muamazone ot 0.01 o 10 MBt. Ha puc. 3, 6 nzobpa-
JKEHBl 3aBUCUMOCTH HOPMUPOBAaHHOMN IIOIVIOIIEHHOM

MOIIHOCTH Py, OT 4acTOThl, IOIy4YEHHBIE IIepe-

S11(f) mo  dopmynam

S11 :10|og[P0Tp/Pna;1] 1 Piorn = Puag — POTp'
Oocy:xnenune. [[1s TeopeTMUECKOro OMHCAHUS

XapaKTEPUCTUK HUCCIELYEMOIO pPE30HATOpa MCIOJb-
3yeM MOJIeNIb BBIHYKACHHBIX HEJMHEHHBIX KojeOa-

CUETOM 3aBHCHMOCTEH

HUH, paccMOTpeHHyl0 paHnee. IIpu paccMoTpeHun
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f,ITu
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S11, 1B
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Puc. 3. 3aBucumocty ko3 duieHTa orpaxkeHus (a)
1 TIOTJIOIEHHON MOIIHOCTH (0) TNICHOYHOTO
JKUI-pe3onaropa OT 4aCTOTHI

Fig. 3. Frequency dependences of the reflection coefficient
(a) and absorbed power (6) of the YIG film resonator

Koe0aHWi HAMarHMYEeHHOCTH 3a MEPEeMEHHYIO
BO3bMEM TPOEKITHIO BEKTOpa MepeMeHHONH HamarHu-

YeHHOCTH M Ha och X. Torna (3) mpuMeT BUJ
my =|m(z)|cos[t+ 9(1)].

3anuiieM mapameTp pesaKcaiuy ¢ y4eToM BIHUs-
HUS aMIUTUTYAbl KojeOaHWii HaMarHU4eHHOCTH B

CJICOYIOIIEM BHJIC.
or (U?) = 25(1+ B UI2),

rae |U|:|m|/ (\/EM)— HOPMHPOBAHHASI aMILIUTYIa
konebanuii HamarandeHnoctu [10].

3HaveHns 20 U [} MOMYYEHBI IO pe3yiIbTaTaM JKC-
neprMeHTa. B skcriepuMeHTe, BBIMTOJTHEHHOM TIPU HU3-
KOM YPOBHE MOIIHOCTH, moiydeHo 20 =3.32 Ml
3HayeHne napaMerpa HEJIMHEHHOro 3aTyXaHus, olpe-
JICTICHHOE W3 YCJIOBHS COBIAACHHS HKCIEPUMEHTA
U Teopui, cocraBwio P =3.7 10715 Fu_z.

[To pesympraTam 00pabOTKH H3MEpEHHU pE30-
HAHCHBIX KPUBBIX (pHUC. 3) MONydeHa SKCIEPHMEH-
TaJbHas 3aBUCUMOCTb YacTOTHI pelaKcaluu Koneda-

HUM HaMarHMYEHHOCTH OT 3HAYCHUS IONIONIICHHOW
wieHouHbIM JKUI -pezonaropom momrHOCTH (pHC. 4).
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3.0 | | |
0 2 4 6 Prorn» MBT

Puc. 4. 3aBUCMOCTB 9aCTOTHI peTaKcaluy KoJieOaH it
HamarHnueHHoctu mienouHoro KWL -pezonaropa ot
TOTJIOIICHHONW MOITHOCTH. MapKepbl — SKCIIepUMeHTaIbHbIe
JaHHBIE, JINHUS — Pe3yJIbTaT TEOPETHUECKUX PAaCUETOB

Fig. 4. Dependence of the relaxation frequency
of magnetization oscillations of a YIG film resonator
on the absorbed power. Markers — experimental data,
line — the result of theoretical calculations

N3 Hee caenyert, 4To0 ¢ pOCTOM MOIIOUIAEMOM MOIIHO-
CTH pacTeT W 4acTOTa pelaKcarnuu. JTa 3aBUCUMOCTh
MPOSBIACTCA B VIIUPEHUU PE30HAHCHBIX KPHUBBIX.
OTcrofa MOXKHO cJieNiaTh BBIBOJ, YTO Pa3BUTHE HEJH-
HEHHBIX TPOIIECCOB YMEHBIIAET HArpYKEHHYIO I00-
POTHOCTb PE30HATOPOB M YBEJIMYMBAECT BHOCHUMBIE B
CUCTEMY TIOTE€pH, YTO HEOOXOAMMO YUWTHIBATH TPHU
pa3paboTKe IPUOOPOB HA OCHOBE TAKHX PE30HATOPOB.

Pe3oHaHCHYI0 4acTOTy M €€ HETUHEHHBIN CIBUT
ONpeneluM C IMOMOIIBID JUCIIEPCHOHHOIO YpaBHE-
HUs, B KOTOPOM YYTCHA 3aBUCUMOCTH 4aCTOThbI CIIU-
HOBBIX BOJIH OT KBaJpara HX HOpMHpOBaHHOﬁ
AMIUTUTYIBI. DTO YpaBHEHHE UMEET BU/T

ok
02 (UP) =] oy +on, (1-UP)| 2=2—

k kL
<] wp +oy, (1-1UP) Ty 1—% G

e oH :ZTUYHo, (DMO =2TC’YMO; kzaék)z, +k2,

npuuem Ky =nm/a; k, =mm/a (M u n — nemsie

yHca, ompenenAlnme  MoAy  KoiebaHuii);
MI'-m
y=0.035TLI — THUPOMAarHUTHOE OTHOIIICHUE.

B Teopun ncnionb3yoTcs 0003HaYCHHS UKIHIECKOi
Y4acTOThl ®, KOTOpas CBsi3aHa ¢ yacTotoil f m3Bect-
HBIM COOTHOLIeHHEM @ = 27tf,

3aBUCHMOCTh AMIUTUTYIBI KONEOAaHWH HaMarHH-
YEHHOCTHU OT MOLITHOCTU MOXKHO 3aIlUCaTh B BUJE

\A PHOFJI / B (6)

HenuHeitHble KoJ1e0aHNsI HAMATHHYEHHOCTH B KacaTeJIbHO HAMATHUYeHHOM

IJIEHOYHOM (pepPOMArHUTHOM pe30HaTOpe

5.2664

5.2662

6 P

Tori’

5.2660
0 MBT

Puc. 5. 3aBUCHMOCTB PE30HAHCHOI YaCTOTHI PE30HATOPA
OT TOTJIONICHHON MOIIIHOCTH. MapKephl — SKCIIEpUMEHTATBHEIC
JIAHHBIE, CTUIONIHAS JIMHUS — PE3YJIbTaT TEOPETHUCCKUX
pacyueToB, MTPUXOBAS JTMHUS — MIOCTPOCHUE IS ONPEICTICHHS
KO3 GHITHEHTa CBA3H

Fig. 5. Dependence of the resonant frequency of the resonator
on the absorbed power. Markers — experimental data,
solid line — the result of theoretical calculations,
dashed line — plot for determine of the coupling coefficient

rme B — KoapUIHMEeHT CBSI3U MEKAY MOIIONICHHOM
MOIIHOCTBIO U aMIUIUTYHOH COOCTBEHHBIX KojeOa-
HUM (¢epputoBoro pesonaropa. Ilpu coBmageHun
YaCTOTHl BBIHYXJICHHBIX KOJIeOaHWH ¢ COOCTBEHHOM
4acTOTOM pe3oHaTopa u3 (6) numeem:

U — PHOFJ'I/B ) (7)

20,0

Koaddumment B BBenaeH mis comocTaBiICHHUS
TEOPETUYECKON W HKCIEPUMEHTAJIBbHOW 3aBHUCHUMO-
CTE pPE30HAHCHOM 4acTOThI OT IOIVIOIIEHHOW MOIL-
HocTH. OH CBSI3bIBaCT MONIOIICHHYIO MOIIHOCTh U
KBaJ[paT aMIUTUTYAbI KOJIeOaHWH HAMarHUUEHHOCTH

Pror = B|Uo[*. 8)

3HaueHue KordduireHTa ObIIO OMPENENEeHO CO-
MOCTABJICHHEM JKCIIEPUMCHTAIILHOW W TeOopeTHYe-
CKOM 3aBHCHMOCTEN PE30HAHCHOW YacTOTHl OT IO-
[JIOIIIEHHOM MOIIIHOCTH Ha HA4YajJbHOM JIMHEHHOM
yuactke (puc. 5, mrpuxosas aunus). Vcrnosbsys (7)
u (8), moixyueno B =2185Br. ITocne 3Toro Teope-

THYECKas 3aBUCUMOCTh PE30HAHCHOW YacTOTHI OT
MODJIOIIEHHOW MOIIHOCTH Oblia paccuurtana mo (5)
(puc. 5, crulomIHas JIMHUS).

3akiiloueHne M BBIBOABI. XOpOIIEe COBMAJIE-
HUE KCTIEPUMEHTAIBHBIX (pHC. 5, MapKephl) U TEO-
peTrueckux (puc. 5, CIUIONMIHAS JTUHUS) PE3YIbTaTOB
MMO3BOJISCT CHIeNIaTh BBIBOA O TOM, YTO METOHA M-
JICHHO MEHSIOLIUXCS aMIUTUTYA NPUMEHUM JJIsl OMU-
caHus HEJIMHEHHBIX KojaebaHWii HaMarHMYeHHOCTH
C Y4EeTOM KaK HEJIMHEWHOTo CABHUIa YacTOTHI, TaK
W HEJIMHEWHOro 3aryxanus. HenuHeliHOe 3aTyxaHue
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MPUBOINT K YIIMPEHUIO PE30HAHCHBIX KPHUBBIX, TEM
CaMbIM YBEJIMYHBAs TMOTEPH. DTOT 3PPEKT TakkKe
yBennuuBaeT Kodpdumuent orpaxenus CBU-
CUTHaJIa OT pe3oHaTopa. Hanmmune HenuuenHoro 3a-
TyXaHUS MO3BOJISIET CYIIECTBEHHO OTPAHHUYUTH BIIHU-
SIHUE HEJIMHEWHOrO CIBUTa 4YacTOThl KoJieOaHHi
HaMarHu4eHHocTH B [1DP.

Ha ocHOBe wuccienoBaHHBIX  HEIMHEHHBIX
3¢ HEKTOB BO3MOKHO CO3JAaHHE Pa3IMYHBIX MPHUOO-
poB s 0o0paboTku u reHepanuu CBY-curnanos.
B kauectBe mpumepa npusenem CBU-orpannunrenu
Y IIyMOTIOAaBUTEIIH.
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