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Cankr-IlerepOyprckuii rocy1apcTBEHHBIH 3IeKTpOTeXHUIECKnH yHUBepcuteT «JIDTW»

AHHoTanus: PazpaboTaHa TeopeTnieckast MOZIEIb, OIMCHIBAIOIIAs HETMHEIHbIC ITEPEIaTOYHbIC
XapaKTEePUCTUKN AKTUBHBIX KOJBLEBBIX PE30HATOPOB HA (PEPPUT-CETHETORIEKTPHUECKUX
JUHHAX 3a1epKku. [loka3zaHo, 4TO yBeIMYEHHE aMIUTUTYIbl CBEPXBBICOKOYACTOTHOIO CHIHAa
NPUBOJUT K HEJIMHEHHOMY CABHIY 4YacTOThI pabovell MOBEPXHOCTHOW 3JIEKTPOMarHUTHO-
cnuHOBOW BoNHBL. [lpu  mpeBblmIeHWH Mopora OWCTa0MIBHOCTH Ha  MepeJaTOYHOM
XapaKTepUCTUKE BO3HUKAET rucrepesuc. IlokasaHo, 4To B pe3ynbTaTe M3MEHEHUs BHEIIHUX
MarHUTHOTO U 3JEKTPUUYECKOTO MONEH NePECTPANBAETCS HE TONBKO CIIEKTP PE30HAHCHBIX YaCTOT
HCCIIEAYEMOTO pe30HaTopa, HO MW IIMPUHA THCTEpe3nca HENMHEHHON MepeJaTO4YHOM
XapaKTEPUCTHKH.

KaroueBble cj10Ba: akTHUBHBIN KOJBLIEBON pe30HATOP, OMCTaOMILHOCTD, (EPPUT-CETHETOIICKTPUK

1. BBegenue

SIBneHue, MpU KOTOPOM pE30HAHCHAs CHCTEMa JEMOHCTPUPYET JBa YCTOHYMBBIX
COCTOSIHHSL JIJIsI 33/IaHHOTO BXOZHOTO BO3/ICHCTBHSI, Ha3biBaeTcst OuctadbminbHOCThIO [1]. [Ipn
M3MEPEHUN aMIUTUTYIHO-YaCTOTHON XapaKTePUCTHKH OWCTaOMIBHOCTH TPOSBISETCS Kak
NEPEKIII0YEHNE aMIUTUTY/ (bl BBIXOJJHOTO CUTHAJIa OT HU3KOI'O YPOBHS K BBHICOKOMY (WM OT
BBICOKOTO K HHU3KOMY) TIPH TIOCJIEIOBATEIHHOM IMOBBIIICHUU (WM MTOHWKEHUN) YacTOTHI
(MM MOIIHOCTH) BXOJHOTO CHrHasa. BriepBble siBieHHE OHUCTaOMIBHOCTH Ui Clydas
HEJIMHEWMHON MarHUTHOW CHCTEMBbI ObLIO MPOJEMOHCTPUPOBAHO B AKCIEpUMEHTax [2, 3], a
TaKXkKe JJIS CTydasi ONTHYECKUX HETMHEWHBIX CUCTeM B paboTax [4, 5]. [To3xe 6GucrabuibHOe
MOBEJICHHE HAOIIOIAI0Ch B PA3IMYHBIX PE30HAHCHBIX CUCTEMaX, HalPHUMEpP, B MarHUTHBIX
[6 - 8], ciuaTponHsIx [9, 10], MmarauTosnekTpudeckux [11, 12], panrnodoTonusix [13, 14],
ontuueckux [15 - 17] m apyrux. B ocHOBe Takoro mMOBEAEHUsS JEKHUT HEITHMHEHHAs
3aBUCUMOCTh MaTE€pPHAJbHBIX IapaMeTPOB BOJIHOBEIYLIEH cpeabl OT aMIUIUTY/bI
pacripocTpanstoniericss BOIHbI. OcOOEHHOCTBHIO KOIBIIEBBIX PE30HAHCHBIX CHCTEM SIBISIETCS
3HAYUTENbHOE YBEJIWYEHHUE aMIUTUTYAbl LHUPKYJIUPYIOIIEH BOJHBI MpPU NPUOIMKEHUU K
PE30HAHCHON YacToTe, a, CIEeI0BATEIbHO, CHIKEHHNE TTOPOTOB HEIMHEHHBIX MPOIECCOB, B
yacTHOCTH OucradbminpHOoCTH [18]. OmHUM W3 TEpCHEKTHBHBIX HANpaBICHHUN SIBISETCS
WCCIIe/IOBAaHNE aKTHBHBIX KOJBIEBBIX pe30oHaTopoB (AKP) Ha CHUH-BONHOBBIX JIMHUSIX
3afepkKu. brarogaps pasHooOpasnio TUCIEPCUOHHBIX CBOMCTB CIMHOBBIX BOJIH M OOraToi
HEJIMHEHHON JWHAMHKH, TaKWe PE30HATOPHI HCIIOJB3YIOTCS HE TOJBKO JUISl TEHEpaIuu
MOHOXPOMAaTHYECKOTO WM XAaOTHYECKOTO CHUTHAJIOB, a Takke (Pa30OKOrepeHTHOH CeTKu
gactoT (comutoHoB) [19, 20], HO M peACTaBISIOT HHTEPEC TSI IPUMEHEHHS B TAKOW HOBOU
obmactu, Kak HeWpoMop(dHBIE BBYHCICHUS Ha NpPUHIMIAX MarHoHWKH [21 - 23].
@opMHpOBaHNE HEIMHEWHBIX IE€PEAATOYHBIX XapaKTepUCTUK CHUH-BOITHOBBIX AKP
BIIEpBBIE OBLIO HccieAoBaHO B pabore [24]. OrmeruMm, 4YTO mEpecTpodka CIEKTpa
PE30HAHCHBIX YaCTOT B TAKUX CHCTEMAX PEeaM3yeTcsl TOJIBKO MyTeM M3MEHEHHS BHEITHETO
MarHuTHOrO mojs. JlaHHBIH CcHOco0 NEepecTpoMKH OTIMYAeTCS HHU3KOH CKOPOCTBIO U
BBICOKUM DJJIEKTPOTNOTpeOieHreM. 3BeCTHO, YTO HCMOIB30BAHUE CIOUCTBIX CTPYKTYP
(eppHUT-CETHETOAIEKTPUK B KaueCTBE JIMHUN 3aIP>KKH MO3BOJISIET pealu30BaTh OBICTPYIO
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AJIEKTPHUECKYIO TEPECTPOKY CHEKTpa 3JIEKTPOMAarHUTHO-CIIMHOBBIX BoiH [25]. o
HACTOAILET0 BPEMEHH MCCIIEAOBAHUS NIEPENATOUYHBIX XapAKTEPUCTUK aKTHUBHBIX KOJIBLIEBBIX
PE30HATOPOB Ha (PEPPUT-CETHETOIICKTPUUESCKUX JTUHIX 3aJCP>KKH MPOBOIMINCH TOJIBKO B
auHeHoM pexxuMme [26]. Hacrosimas paboTta MOCBSIEHA HMCCICIOBAHUIO MEPEAaTOYHBIX
XapaKTepUCTUK HEJIMHEHHOTO (eppHuT-cerueTodnekrpuueckoro AKP.

2. Teopusi popMupoBaHus CreKTPa

Pacecmorpum cxemy AKP na @C crpykrype, npencrasiennyto Ha Puc. 1. [lis BBoja u
BbIBOJ1a CBU-curnana ucmnosib3yroTcs JiBa HampaBieHHbIX oTBeTBUTENS. CBU-ycunuTens u
YOPaBJISIEMBIM  aTTEHIOATOP HUCIHOJIB3YIOTCS JUIS  YIOpaBiCHUS YPOBHEM MOIIHOCTH,
IUPKYJIUPYIOIIETO B pe3oHaTOpe curHana. Mcciaemyemas CTpyKTypa HaMarHudeHa o
HACBIIICHUS] OJHOPOAHBIM MArHUTHBIM  T[OJEM  MEPHEHIUKYISPHO  HAIPaBICHUIO
pactpocTpaHeHUsT BOJHBI, YTO HEOOXOIUMO Il BO3OYXKIEHHUS U PacIHpOCTpaHCHUS
MOBEPXHOCTHBIX AJIEKTPOMAarHUTHO-CITUHOBBIX BOJH (OMCB) [27].

- q )
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’ \
CBY CBY-ycumrens ATTEHI0ATOP y CBY
BXOJ[ BBIXO]T
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\ . MarHnTHoe 1ome /!
~ -~ - . 4

CeI'He’I‘OBJ'IeKTpHK

Pucynok 1. Cxema AKP ra ©C ctpykType

Kaxnprit 000poT curHajsia mo KOJIBI[y ONHCHIBaeTCa Kod((UIIMEHTOM Tiepenayu
T :(l—K)HDLg exp(ikd) , e K — KOd(PUIMEHT CBSI3U MO MOILIHOCTH BXOJHOTO U
BBIXOJIHOTO HampaBJICHHBIX OTBETBHUTENEH, K — mocTtostHHas pacnpoctpanenus OMCB, d —

muHa OC cTpyKTYphl, § — K03(DDULIMEHT ycusIeHus, BKIIOYAIOUIMA B ce0s Kak yCcuJIeHHue
CBY-ycunurensi, Tak M TOTepU, BHOCUMBIE YyIpaBisgeMbM arTeHioatopom u CBU-

JJIEMEHTAMU IE€NU. 3JeCh HEZ,,_ = exp(—2a(a))d) — xodpdumuent mnepenaun OC

BOJHOBEAYILIEH CTPYKTYphl IO MOIIHOCTH, KOTOpPBIM ONHCHIBAET TMOTEPHU Ha
pacrtpoctpanenus OMCB kak B ¢peppuUTOBOM, TaK U B CETHETOAIEKTPHUUECKOM ciosix. [Tpu
aToM, cienys  pabore [26] motepu B DPC  CTpyKType  ONpEIesIOTCS

a(a))z ak(a)%H AH + ak(wyégga tgo , rme AH - momymmpuHa KpUBOH

(eppOMarHuTHOrO pe3oHaHca (heppuTOBOrO CIIOsl, &, — AUIIEKTPUYECKask IPOHHUIIAEMOCTh
CETHETODNIEKTPUUECKOTO closi, 1Jd — TaHTeHC YyIiia [AUAJCKTPHUECKUX TMOTeph

CETHETORJIEKTPHKA.
B cootBercTBHHE ¢ paboToii [28], cyneprio3uiius 66CKOHEYHOTO YKcia IIUPKYITHPYIOMINX

B KOJIBII€ BOJIH IIO3BOJISIET 3allkCaThb aMHHI/ITYI[y I_II/IpKYHI/IPYIOU_IerO CUTrHaJia uf u
KOB(I)(I)I/H_II/ICHT Hepez[atm 110 MOIITHOCTHU H p B CHCI[yIOU_IeI/I (bOpMeZ
2 2
2 |"IinK|T|

*1-2[T|cos(k(w,uZ)d)+[T]

(1)
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2 2
K'Hp,

H, = .
P 1—2|T|cos(k(a),uf)d)+|T|2 )

B sTux BbIpaxkeHHX k(w, ucz) — HEJIMHEWHasl MOCTOsHHas pacnpoctpaHeHus OMCB,

o 2
IIOJIyd€HHass U3 HCJIMHCUHOI'O JUCIIEPCUOHHOI'O0 COOTHOIICHMA, uin — BXOJHas aMILUIATyda

OMCB.

JluciepcuoHHOE COOTHOIIIEHHE, OIMCHIBAIOIIEE PACIPOCTPAHEHHE MOBEPXHOCTHBIX
OMCB B wMuorocnoiabeix ®C CTpyKTypax, COAEp)KALIMX HECKOJIbKO (EPPUTOBBIX U
CETHETORJIEKTPUYCCKUX CIIOEB, ObUTO MMOydeHO B craThe [27]. Cnemys stoii paborte,
JUHENHOe JucnepcuoHHoe ypaBHeHue OMCB B wucciegyeMoil CTpyKType HMeEeT
[ (10% {01107 158:3701 &

k k 2
tan (i, a, ) (K'S—Kdz)/,ll— 'u”‘JrKo,ul Bty [ Kol + K, K tan(KfL) =
KiH Ky
K2 112 K22 3
= —Ky | 2K, +| -k ———4 tan(lch) :
Ky KiH

e K, = A|K* — @’ 1,6, — TONEPEUHOE BOJIHOBOE YHMCIO B CBOOOIHOM MPOCTPAHCTBE,

Ky =@ ty&o&s —K®  — TOIEpEYHOE BOJIHOBOE YHCIO B CETHETOMIEKTPHYECKOM CIIOE,
2 2
K :\/a) HyEy€¢ M, —K® — momepeyHoe BOJHOBOE 4uCIO B (EPPUTOBOM cioe, a8, —

2 2
TOJIIIMHA CerHeTodJIeKTpudeckoro cnosi, i, = (u° —u))l u, u=1+w, o, / (a),i —a)z) —

JIMaroHanbHas KOMIIOHEHTA TEH30pa MArHUTHOM IIPOHULIAEMOCTH, & L, = W), / (cof| - a)z)
— THUPOTpPOITHAs KOMIIOHEHTa TEH30pa MarHUTHOW MpOHMIIaeMocTH, @ =27 f — dacrora
CBU-curnana, o, =2z|y|H, , @, =27|y|M, , |y|=2.8 MI'wWD - rupomarautHOe
OTHOILEHUE HIIEKTPOHA.

Henuneiinas nunamuka OMCB  BrIO4aeT Kak dJIEKTPUYECKYH0 HEJIMHEHHOCTH
CErHETORJIEKTPUYECKOTO CJIOS, TAK U MATHUTHYIO HEJIMHEHHOCTH CIIMHOBBIX BOJIH B IUICHKE
¢bepputa. BomHOBas HENIMHEHHOCTh B CETHETOAIEKTPUUYECKOW CTPYKTYpe MpOSIBISIETCS
6narosapst 3aBUCUMOCTH JUAJIEKTPUUYECKON MPOHUIIAEMOCTH CEIHETOIEKTPUUECKOTO CII0s
&4 OT BHEIIHETro 3jeKTpudeckoro nomsd E. B wacTHOCTH, 3Ta 3aBHCHMOCTH MOXKET OBITH

OIIMCaHa B MAaJIOCUT'HAJIbHOM HpI/I6JII/I>KeHI/II/I CHeI[yI'OH_[I/IM BLIpa>KeHI/IeM [29]
&, (E) =& (0)—-KE?, (4)

rae &, (0) — JUDJICKTpHUYCCKas IMPOHUIACMOCTE B OTCYTCTBHH BHCIIHETO DJICKTPHUICCKOIO

nosist, a K — smnupuyeckuit Koo puImeHt.

HennHEWHOCTh CIIMHOBBIX BOJIH KAueCTBEHHO OIMCHIBACTCS B COOTBETCTBUU C
ypaBHeHnueM Jlannay-Jludmmuia yepe3 uaMeHeHue JITUHHBI BEKTOpa HaMarHW4eHHOCTH M
GbeppuTOBOM IJICHKH TPH YBEIWYEHHH aMIUTUTYAbl COHHOBBIX BoiH [3]. Bekrtop
HamarHudeHHoctd M ompenensiercs CyMMOUM CcTaTWyeckodl HamarHudeHHocTH Mo u
aAMIUTATYIBI CITMHOBOW BOJHBL. B COOTBETCTBHMM ¢ 3aKOHAMH COXPAHCHHS YBEIMUYCHHE
aAMIUTUTYABl CIIMHOBOM BOJIHBI TMPUBOAWT K YMEHBIICHHIO BETHYMHBI BekTOopa Mo, uTO

onuceIBaeTcs kak M, (1—u2) [20]. Henmuueiinbie nporieccel B @C cTpyKTypax BBI3BaHbI

OJTHOBPEMEHHO H3MEHEHHEM HANpsHKEHHOCTU 3JIEKTPUUECKOro Mmoisi U Oe3pa3zMepHoOu
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aMIUTUTYAB! COIMHOBBIX BOJIH. CBsI3b MEXly O€3pa3MepHO aMIUTUTYA0H CIIMHOBBIX BOJIH U
2 2
Y HalpsDKEHHOCTHIO 3JIEKTPHYECKOTO Mot £ MoXeT ObITh IpezcTaBieHa B Buge E° =Cu”®,

rne C — KoHcTaHTa, ompeneisemMas W3 YypaBHEHUH MakcBemia, 3amUCaHHBIX IS
nasyxcioinoit ®C crpykrypsl [30]. Torma moacraHoBKa 3TOrO BBIPAXKCHHS € yueToM (4) B
(3) MO3BOJMT HUCKIIOYUTH HANPSHKEHHOCTH JJIEKTPUYECKOTO MOJIS M3 PACCMOTPEHMS U
3anMcath ypaBHEeHHE (3) 3aBHCHUMBIM TOJBKO OT aMIUIMTY[bl CIIMHOBBIX BOJH U. Baxno
OTMETUTB, YTO aMIUIMTYa CUTHaNa, LupKyiaupytomero B AKP, 3HaunTensHO yBenuunBaeTcs
py MPHOIMKEHUH K PE30HAHCHBIM YacTOTaM, MO3TOMY CJeys MoaAxoay B pabore [28] B

JAUCTIEPCHOHHOM ypaBHeHHH (3) HeoOxoxumo 3ameHuTs M, Ha M, (1—uc2). OnucanHbIi

QITOPUTM  IIO3BOJISICT  IOJIyYUTHh  HEJIMHEHHOE JUCIEPCUOHHOE ypaBHEHHE IS
3JIEKTPOMArHUTHO-CIIMHOBBIX BOJIH B ABycioiHOW PC cTpykType ¢ 00OpaTHOM CBS3BIO.

[TogcraHoBKa NONYYEHHBIX M3 3TONO YPABHEHHUS BOJIHOBBIX YHCEI k(a), uf) B (2)

MO3BOJISICT HAUTHU HeHHHCﬁHYIO NEepCAATOUYHYIO XapaAKTCPUCTUKY.

3. MOIleJ'[I/IPOBaHI/Ie AUCHEPCHOHHBIX U NEPECAATOIYHBIX XaPAKTEPUCTUK

C nomobio pazpaboTaHHON MaTeMaTHYECKOM MOJIeNu ObLIIO MPOBEACHO UCCIIE0BAHUE
HenuHelHbIX nepenatouHelx AKP nHa ®C crpyktype. B pacuerax ucnosp30BaiucCh
cliefiylolMe mnapameTpsl (eppuTOBON IUIEHKH: TOJIIMHA 5.54 MKM, HaMarHU4e€HHOCTh
Haceimenust 1750 I'c, mmpuna nuann QeppomarautHoro pezonanca 0.5 D, paccrosiHue
Mexay anTeHHamu 3.5 MMm. Cer"erosnekTpudyeckuil cioil umen toamuny 600 MM, a ero
TURJIEKTPUYeCcKasi MpoHuIaeMocth m3Mensutack ot 1500 mo 1000. AmrumMTymaa BXOIHOTO
curHasa coctapisna U =107, 4To cOOTBETCTBYET MOIHOCTH BXOJHOTO CHTHANA B KOJIBIIO -
20 nbm. Kak u3BecTHO B pe3yibTare TMOpUIM3aliy IEKTPOMArHUTHBIX U CHUHOBBIX BOJIH
JMCTIEPCUOHHAST XapaKTEPUCTHKA COCTOUT W3 JIBYX ITUCIIEPCHOHHBIX BeTBed. Bribepem
HIDKHIOIO JUCIIEPCUOHHYIO BETBb, KOTOPYK) YCIOBHO MOXKHO pa3leIuTb Ha TpH
JUCIIEPCUOHHBIE 00JIaCTH, OMUChIBAIOUINX pasinyHoe noseneHue OMCB. Ilepsas oOnactb
(JUTMHHBIE BOJHBI), COOTBETCTBYIOILIAas YaCTOTHOMY IIPOMEXYTKY OT Hayaja CHEeKTpa
AJIEKTPOMAarHUTHBIX BOJIH JI0 Hayajla CIEKTPa CyIIECTBOBAHUS MOBEPXHOCTHBIX CIIMHOBBIX
BosiH (IICB), ompenensiercss B OOJbIICH CTEMEHH AUCIEPCHEH AJICKTPOMArHUTHBIX BOJIH.
[lepectpoiika criekTpa BOJH B 3TOM 00JacTH MPEUMYIIECTBEHHO OCYILECTBISETCS MyTeM
U3MEHEHMsI BHELIHEro JJIeKTpUuecKkoro mons. Bropas o0nacte (KOpPOTKHE BOJIHBI)
COOTBETCTBYET YacCTOTHOMY juama3oHy cymectBoBanusi [ICB. B Heit npeobinamaer
Mar"iMTHas IpHUpOJa BOJHOBOIO IpOIEcca, U, COOTBETCTBEHHO, MarHUTHAsl IIEPECTPOMKA.
Tpetbs 001acTh 3aHUMaET MOJIOKEHUE Ha TPaHUIIE MTEPBBIX BYX obsacTeil. B aToii obnactu
MPOUCXOIUT THOPUAN3ALUS SIEKTPOMArHUTHOM M CIMHOBOM BOJH, B pe3yjbTaTe dYero
repecTporika CIeKTpa BOJIH OCYIIECTBIISIETCS 32 CUET U3MEHEHHUS KaK AJIEKTPUYECKOro, TaK
Y MarHUTHOTO noJiel (001acTh TBOWHOM 2JIEKTPOHHOM MEPECTPOIKH).

Ha Puc. 2. npeacraBiieHsl pe3yabTaThl YUCIEHHOTO pacyeTa (parMeHTOB HETUHEHHBIX
JUCIIEPCUOHHBIX M MEPEAATOYHBIX  XapaKTEPUCTUK, WIUIFOCTPUPYIOLIUX  JIBOMHOE
anekTpoHHoe ymnpasiaeHue AKP na ®@C crpykrype. [lyHktupHbIMU nuHUsAMH Ha Puc. 2
MIOKa3aHbl JUCIEPCUOHHBIE U IEPEAATOYHBIE XApAaKTEPUCTHKH, COOTBETCTBYIOLIUE
nuHeitHOMYy pexuMy. CIUIOIIHBIMM LBETHBIMHM JIMHUSIMU TIOKa3aHbl XapaKTEPUCTHUKH,
MOJIy4eHHBIE MJis pa3jMYHbIX 3Haue€HUW MarHuTHOro mnons (cMm. Puc. 2(a) u (0)) u
audJIeKTpruaeckor mponunaemoctu (ecm. Puc. 2(B) u (r)). I[Ipu HM3KO0I MOLTHOCTH BXOJIHOTO
CUTHaja, MarHUTHas HEIUHEHHOCTh SBISIETCSA JOMUHUPYIOLIEH, 4TO MpOSBIAETCS Ha
JUCTIIEPCUOHHON XapaKTEPUCTUKE KaK OTPHUIATEIbHBbIA HEIMHEWHBIM CIBUT YacTOTHI (CM.
Puc. 2 (a)). Ilpu npeBblieHNH IOpora OucTaOMIbHOCTH Ha MEPEaTOYHOM XapaKTepUCTUKE
BO3HMKAeT THUCTEpe3uc. ['HucTepe3suc HENMHEHMHOW NepeaTOYHOM XapaKTEePHCTHKU
HampaBJIeH MPOTUB YAaCOBOI CTPEIKH B 00JIACTh HU3KHMX YACTOT (KaK IMOKa3aHO CTPEKaMHu
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Ha Puc. 2 (0)). Kak Bunno u3 Puc. 2 (a), u3MeHeHHEe BHEIIHET0 MATHUTHOTO TOJISI IPUBOJIAT
K MEpEeCTpoiike BCell AUCIIEPCHOHHOW BETBH B 00JIACTh BBICOKUX 4acTOT. OTMETUM, 4YTO
HAaKJIOH JIUCIIEPCUOHHOM KpPHUBOW HA PE30HAHCHOM BOJIHOBOM YHCJIE MEHSETCS cllado, B
pe3ysbTare 4Yero ypoBE€Hb BHOCHMBIX IOTEPh U JIOOPOTHOCTh PE30HAHCHBIX IHKOB B
3aIaHHOM JIMana30He YacTOT MPaKTUYECKH HE 3aBUCUT OT HANPSHKEHHOCTH BHELIHETO
MarautHoro nois. U3 Puc. 2 (0) BUIHO, 4TO MPU U3MEHEHUH BHEIIHETO MAarHUTHOTO IOJIS
Ha 8 D mepecTpoiika pPE30HAHCHOM MOJbI MpoucxoauT Ha 24 MI'1, 4TO mNpeBbIIIAET
MEKMOJI0BOE€ paccTosinve paBHoe 23 MI'1. YBennueHre BHEITHEr0 MarHUTHOTO TTOJISl TAKKE
NPUBOAUT K PACHIMPEHHIO YAaCTOTHOIO JMana3oHa THUCTepe3uca IMepelaTOYHOU
xapaktepuctuku ¢ 2.3 MI'p no 2.5 MI'1, uTo 00yCIOBICHO yBEIMYEHHEM HEIMHEWHOTO

kod(ppuenta N =8a)(k,uc2 )/8uf.

= = = JIMHEHHBIH pesKAM 6)
H=1146 3 H=1150 3= F=1154 3
| JP‘
E A :, i
[ ANy
o poled “ .
&= [ "
S E 4 E o
= Yy i
o 4 ! :
60 5.06 5.07 5.08
Bonnosoe umcio, paa/cm Yacrora, [T
= = = JInuHeiHBII pexuM 1")
£=1500 £=1300) ==—c=1000
=
—
—
o
=
S
=
Q
=
=p
r -30 ' T T
40 60 5.06 5.07 5.08
BonHoBoe uncno, pag/cMm Yacrora, [T

Pucynok 2. ®parMeHTHI TUCTIEPCHOHHBIX U MepeaaTouHbIX xapaktepucTuk AKP na ®C cTpykType
JUISL pa3NIMYHbIX 3HAYEHUH HANPsHKEHHOCTH MAarHUTHOTO 1oJist (a) u (6), COOTBETCTBEHHO, a TAKXkKe
MIPY Pa3IIMYHBIX JUAJICKTPUIECKUX MIPOHUIIAEMOCTSX (B) U (T).

Kak BunHO u3 Puc. 2(B) anekTpuyeckoe yrnpapieHHE, peaaTn3yeMoe MyTeM YMEHbIICHHS
nuasnekTpudeckord nmponunaeMoctd ot 1500 go 1000 mpuBOAMT K M3MEHEHHMIO HAKJIOHA
JMCTIEPCUOHHON KPHUBOM HAa PE30HAHCHOM BOJHOBOM YMKCIJIE W YMEHBIICHHUIO TPYNIIOBOM
ckopoctd. B pesynprare yBenuumBaroTcs mnorepd, BHocuMmble PC CTpyKTypou, H,
COOTBETCTBEHHO, YMEHBIIIACTCS aMIUIUTyAa IUpKyIupytomed BomHbl. Ha Puc. 2(r) ato
MPOSIBISIETCS B BUJE YMEHBIICHUS YPOBHS MEPENATOYHOM XapaKTEPUCTUKH U CYKEHUHU
9acTOTHOTO Auama3ona oucradmibHoCcTH ¢ 2.3 Ml 1o 24 xI'u. Ilpu 3TOM 3nekTpudeckas
mepecTpoiika pe30oHaHCHOW Moabl coctaBwia 12.5 MIn. Takum oOpa3oM CTaHOBHUTCS
BO3MOXHBIM HE€ TOJIBKO TOYHAs JJIEKTPUYECKas MEPECTPOMKA YAaCTOTHOIO IOJIOKEHUS
PE30HAHCHBIX MOJI, HO TAaKXX€ OJJIEKTPUYECKOE YIPABICHUE YaCTOTHBIM JIHANA30HOM
TUCTEpPE3UCa HEIMHENHOM NTEPENaTOYHON XapaKTEPUCTUKH.
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4. 3akaoueHue

B pabote uccienoBano (GpopmupoBaHHE HETUHEHHBIX MEPEIATOUHBIX XapaKTEPHUCTUK
depput-cernerodnektpudeckux AKP. Ilokazano, uyto yBenuwuenuwe amrumtyasl CBU-
CUTHaja MPUBOJUT K OTPULIATEIBHOMY HEJIMHEHMHOMY CABUTY 4YacTOThl paboueit
noepxHoctHoit OMCB. Ilpu npeBbimieHHH TOpora OUCTaOMIBHOCTH HA TEpelaTOYHON
XapaKTEPUCTUKE BO3HHUKAET THCTEPE3UC, HANPABICHHBIM IPOTUB YacOBOW CTpENKUA B
00J1acTh HIXKHUX YacToT. [TokazaHo, 4To B pe3yJsibTaTe yBEIMYCHUs MarHUTHOTO 11oJis ¢ 1146
10 1154 O npuBOIUT K paCUIMPEHUIO0 YaCTOTHOTO JWalia3oHa rucrepesuca neperaTroyHon
xapaktepucTuku ¢ 2.3 MI'n o 2.5 MI'n, a Takxke nepecTpoiike pe30HaHCHOW 4acTOThl Ha
24 MI'n. Ilpu u3menenuu nudaekTpudeckoi nporunaeMoctd ¢ 1500 mo 1000 mpoucxoaut
HE TOJIBKO YacTOTHAs IIepecTpoiiKa BEIOPaHHOM pe3oHaHcHON Mojbl Ha 12.5 MI' BBepx 1o
4acTOTe, HO W CY)KEHHME YacTOTHOH oOiacTtu rucrepesuca ¢ 2.3 Ml no 24 kI'u. Takum
o0Opa3om, peanu3yercssi HE TOJNBKO MEPecTpoiiKa CIEeKTpa pPE30OHAHCHBIX YacTOT
HCCIEAYEMOI0 PE30HAaTOpa, HO W YNPABICHHE IIMPUHOM THUCTEpEe3nca €ro HEeIUMHEMHOU
IIepeAaTOYHON XapaKTepUCTHUKH.

PabGora BhINOJHEHAa B paMKax TrOCYJIapCTBEeHHOro 3ajiaHusi MHHHCTEPCTBAa HAYKH W
Bbiciiero oopa3zoanusi Poccuiickoii ®enepanuu Ne(75-01024-21-02 ot 29.09.2021
(mpoext FSEE-2021-0014).
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