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BBenenue.

B HacTosiiee Bpemsi MOAABIISIONIEE OOJBIIMHCTBO COBPEMEHHBIX ITH(PPOBBIX
MHUKpocxXeM oOcHOBaHbl Ha TexHojorun KMOII(koMiiemMeHTapHas CTPyKTypa
METaJI-OKCU-TIONYIIPOBOJHUK), KOTOpas oOjafaer psjaoM HexocraTkoB. Ha
OPUHIMIAX CIHHTPOHUKHA BO3MOKHO PEAM30BaTh PsJi YCTPOMCTB 0OOpabOTKH
curHasioB. Ha ceromHsmHMA J€HP AKTUBHO MCCIELYIOTCS  YCTpPOMCTBA,
UCIIOJIB3YIOIIME B KAyecTBE  Marepuana  SKeJIe30-UTTPUEBBI  TIpaHar.
Ucnonb3oBaHWe CBepxHaNpaBJIeHHbIX My4KOB (JIlyded) Ha MpaKTHUKe
NO3BOJIUT CHU3UTb IOTEPU 3a CYET paclyIbiIBaHUA IydKa IpPU ero
pacnpocTpaHeHUM OT BBIXOJHOrO IHpeobpa3oBaTesi K  BXOJHOMY

npeobpa3oBaTeio.
I'nasa 1.

Jist  popmupoBaHus HepacHIUPSIONIErocs Jy4da cpela B KOTOpPOMl OH
pacnpocTpaHsieTcsi, JOHKHA OBbITh aHU30TPOIMHOM (T.e. BOJHOBOM BekTop k u
BEKTOpP TPYIIOBOM CKOPOCTH V BOJIHBI, HEKOJUIMHEApHBI). YTJIOBas IIUPHUHA

nudparupoBaHHON TOBEPXHOCTH CIUHOBOM BOJIHBI Tydyka B aHU30TPOITHOU

. A
(beppHUTOBOH IJIEHKE MOKET MPUHUMATh 3HAYEHHUs OOJbIIE WIM MEHbLIE 0/ p -2

TakK€ MOXET ObITh paBHa Hymo. [l mociegHero ciaydasi, CyIIECTBYET
CBEPXHAINPABJICHHbIN (HEpACIIUPSIOMIUNACA) JIyd TOBEPXHOCTHBIX CIHHUHOBOM
BOJIHBI: Pa3MBITUE JHEPTUH IIyYKa BIOJIb INIOCKOCTH INIEHKU OTCYTCTBYET, a JJIMHA

TPAEKTOPHUH JTy4a MaKCUMaJbHa.

BosiHoBoii  BekTtop K mpuONM3MTENEHO — MEPNEHAMKYJSIPEH  JIMHCHHOMY
npeoOpa3zoBatTeito, U AJig aOCOMIOTHON YIIIOBOM HMIMPpUHBI AY, OyJeT cripaBeninBa

cienytomas popmyna:
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311eCh YTOJI ¢y - OPUCHTAIUS BOJTHOBOTO BEKTOPA K OTHOCHUTENILHO K OCH Y, YIJIBI ()
Uy SBISIOTCS OPHEHTAMSAMHU JUIsl TIPOM3BOJIBHOTO BOJHOBOTO BEKTOpa k u
BEKTOpa TPYIMIOBOM CKOPOCTH V COOTBETCTBEHHO. B aHU30TPOIHBIX cpenax
Jy4Illle pacCYUTHIBaTh HE BEJIMUMHY Al) , a OTHOIIEHHE 0 aOCOJIOTHOM YTriIOBOU
Ao

mupuHbl AY (B paauaHax)K BEIUYMHE o MOXHO 3anucarh CIEIYIOULYIO
hopmyay:

MY

D

0- SIBJISIETCS OTHOCUTENIbHOM yriloBO# mmpuHoi nyda. [loacrasum gopmyiy (1) B

dbopmyiy (2), 1 AJi1 BEIUYUHBI @ MOXHO MOJIYYUTh IPOCTYIO (HOPMYITyY:
dy |
o=|— 3
2 @) @
OTcroZia MO>KHO CZieJIaTh BbIBO/I, YTO AJ1s1 aOCOJIIOTHOM YIJI0BOU IIMPUHBI, TaK

U JJI1 OTHOCUTEJbHOU YIJIOBOW IIMPHUHBI HYXXHO PACCYMTATh 3aBUCHUMOCTH

Y (@) ¥ COOTBETCTBYIOILYIO 3aBUCUMOCTh dz,b/ do *

CnaBa 2.

Jnsa  wuccnemoBanusa aAuHaMuku — pacnpoctpaHeHuss CB B cTpykrype ¢
MPOCTPAHCTBEHHO-TIEPUOJUYECKON  CUCTEMOM OTBEpCTUH OBLJIO  MPOBEICHO
MHKPOMArHUTHOE MOJEIUPOBAHUE HA OCHOBE YMCJIECHHOTO PEIICHUS ypaBHEHUSA

Jlanpay-Jludmmumna-I'undepra

oM a am
= = |Y[Heps x M)+ [M x| (1)
I'me M-BekTop HamarHmueHHocTH,a = 107°- mapameTp 3aTyXaHus , Herp = g—;—

sbdexTuBHOE MarHuTHOE Toyie , F- cBoOomHast ’Heprus (QpeppoMarHeTHKa, )-
TUPOMarHUTHOE COOTHOIICHHME. J[JI1 HUBETUPOBAHMS BKJIaJa OTPAXKEHHOTO
CUTHAJIa OT TPaHUI] PAaCYCTHOW OOJACTH B YHMCICHHOM MOJEIHPOBAHUU OBLIH
BBEJICHBI O0JIACTU C YMEHBIIAIONIUMCS B T'EOMETPHUYECKOW MpOrpeccuu

Kod(purieHTOM 3aTyXaHUS.



Jl51s HUBENTMpPOBaHUs BKJIaJa OTPaKEHHOTO CUTHAJIA OT TPaHUI] paCYeTHON 00JacTu
B YHUCJIEHHOM MOJEIMPOBAHUM ObUIM BBEJAEHBI OOJACTH C YMEHBIIAIOIIUMCS B

reOMEeTPUYECKO mporpeccuu KO3 (PUIEHTOM 3aTyXaHUs.
Hccnenyemast monens.

Jns paccMoTpenust Oblia B3siTa cTpykTypa cocrosimas u3 JKUIT  (keneso-

UTTPHUEBBINA IpaHaT) BOJIHOBOJIA, CO CICAYIONTUMHU XapaKTEePUCTHKAMM:
[upuna — W =20mm

Hmuaa — G = 20MMm

Tommmnaa — 10MMm

Buemnee maruutHoe nose Hy — 300 2
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Puc.4. ) KUT mienka.

I'nasa 3.
Pacuer dhopmupoBaHus 1 pactipoCTpaHEHHUS CBEPXHAMPABIICHHOTO JTyYa.

PaccmaTpuBaercsi pacnpocTpaHEHHE IOBEPXHOCTHOM BOJIHBI B IUICHKE B
HaIpaBJICHUU OCU Z. MUKpOIOJIOCKOBas JIMHUS paBHa 2 MM. Ha HauanbHOM
JTare BHENIHEe MarHuTHoe Tosie Hy HampaBiieHO BOJb MOJOXKUTEILHOTO
HanpaByieHus: ocu X u cocraBiasier 300 3. Ilpu pacuerax yroia opueHTalUU

BHCIIHECTO MAr"HMTHOT'O IIOJIA 6y,Z[CT MCHATBCA. YucneHHoe MOJCIHUPOBAHUC



MPOBOAWIOCH METOJIOM KOHEeuHbIX pa3zHoctel (MKP), peanu3oBaHHBIM B MakeTre
nporpamm MUMAX3. B pesynbTaTe JaHHOTO MOJACIUPOBAHUS ObLI MPOU3BEIEH
pacuér AMHAMHUYECKON HAMAarHUWYEHHOCTM M HHTEHCHUBHOCTH PACIPOCTPAHEHUS

CIIMHOBOW BOJIHBI. Pe3ynbpTarbl JaHHOIrO pacyéra Juisi NOBEPXHOCTHOW CIMHOBOM

BostHbI (ITMCB) npuBenenst B Tao.1.
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Tab.1. Yacrora 2600 MHz.

JlnvuHa BoHBI 418 faHHOM 4acToTel A = 0,555MM

Ha Ttabnuie ¢ momouipi0 METOJ0B MHUKPOMAarHMTHOTO MOJEIMPOBAHUS, MOXKHO
HaOII0AaTh MOCTENIEHHOE dbopmupoBaHue u pacnpocTpaHeHue
cBepxHamnpasieHHoro Jydya. Ilpu yrme B 10 rpagycoB HabmogaeTcs
nudparupoBaHHas BOJHA, a Yyxe mpu 44.5 rpamycax MOXHO HaOI0IaTh

CBEpXHAIPABIICHHbIH JIyY.




2800 | Kapma «eadpama ounamuueckoti | Kapma pacnpeoeieHus
MHz | namaenuuennocmu. KOMNnoHeHmul M;.
10 ]| E—— 20
_g i —; 10—
; >
. (ﬂ | 20
0 10 20 x-coordinate (mm) =
x-coordinate (mm)
20
1 2 x»coordllnau- (mm) 0
x-coordmate (mm)
30 20 20
"% 10 é
0 1 5 10 20
x-coordinate (mm) £ X-coordinate (mm)
445 B
B o 10 20
0 :{-ceord&mre (mm) = x-coordinate (mm)




Ta6.2. Yactora 2800 MHz.

JlnvrHa BOHBI AT JaHHOM 4acToThl A = 0,322MM

BI/II[HO 4qTO 1IpHU YBCIWMYCHHMU YaCTOTHI OBLIO 3aMEYeHO YMCHBIICHUC JIMHBI

BOJIHBL. A caM JIy4 CTAaHOBHJICA Ooee Y3KHUM.

Takke ObUT TPOM3BENCH pacyeT pacu€éT AMHAMUYECKOM HAMAarHMYEHHOCTH U
WHTEHCUBHOCTU PACIpPOCTPAHEHUSI MPU MHUKPOIIOJOCKOBOW JIMHUU PABHOU 5 MM.

OcranpHbie XApaKTCPUCTUKHU MOJCIIN OCTAIMCh IIPCKHUMMU.
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Ta6.3. Yactora 2400 MHz.

JlnmvHa BOJIHBI )1 JaHHO#M yacToThl A = 0,133MM
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Ta6.4. Yacrora 2600 MHz.
JlmuHa BOJIHBI JIsl JaHHOK 4acToThl A = 0,56MM
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Ta0.5. Yactora 2800 MHz.

JlmuHa BOJIHBI JUIs JaHHOK 4acToThl A = 0,37MM

3akJIroueHue.

Takum oOpazoM B OakamaBpckoil paboTe ObUIO MPOBEACHO YHMCIEHHOE
MOJEIUPOBAHUE PACHPOCTPAHEHUS] MArHUTOCTATUYECKUX BOJIH B KacaTeJIbHO
HAMAarHWYEHHOW CTPYKType Ha OCHOBE IUICHKHM JXE€JI€30 - WTTPUEBOrO TI'paHara.
MeTo1oM MUKPOMAarHUTHOIO MOJEIHUPOBAHMS OBLIO MOJYYEHO pachpeesieHue
WHTEHCUBHOCT HAMAarHWYEHHOCTU CBEPXHAMNPABJIECHHOTO ITy4YKa MOBEPXHOCTHBIX
MarHUTOCTAaTUYECKUX BOJH B IMockocTy MinéHku JKUI. Bbeutn momoOpanbl
XapaKTEepUCTUKU BOJIHOBEYIIIEH CTPYKTYPBI, TUTSt dbopmupoBaHus
CBEPXHAIPABIICHHOI'O JIyyYa.
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