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Jlekumsi 1. OCHOBBI IKCNIEPUMEHTAJIBHBIX HCCJIEIOBAHUH
B AHTEHHOU TeXHHUKe

1.1 DxcnepuMeHTAJIbHBIE HCCJIEIOBAHUS KAK COCTABHAS 4aCTh
NMPOEKTUPOBAHUS AHTEHHOM TeXHUKH

Haubonee BaxHOUM cOCTaBHON YacTbiO HAYYHBIX MCCIIEIOBAHUN, B TOM YHC-
Je U B 00J1acTU pa3pabOTKU aHTEHH, SIBISIIOTCSL SKCIIEPUMEHTHI. B OCHOBE JTaHHOTO
THUIIA UCCIICTOBAHUN JIEKHUT IKCHEPUMEHM, T.€. HAYYHO MOCTABJIEHHBIN ONBIT WU
HaOJI0ICHUE SIBJICHUSI B TOYHO YYUTBHIBAEMBIX YCIOBHSIX, MO3BOJISIOMIMX CIEIUThH
3a €ro XOJOM, YNPAaBISATh UM, BOCCO3JaBaTh €ro KaKIbli pa3 NpH MOBTOPEHUU
ATUX ycinoBuid. OCHOBHOM LIEJIBIO DKCIIEPUMEHTA SIBISIETCS MPOBEPKA TEOPETHYE-
CKUX TIOJIOKEHHUM (MOATBEpKIeHUE paboyell TUIIOTE3bl), a Takxke Oojiee MUPOKOe
U TJIyOOKO€ U3y4YeHUE TEMbl HAYYHOT'O UCCIIEIOBAHUS.

[Ipy mpoeKkTUpOBaHUM AHTEHHBI 0COOOE€ BHMMAaHHE YAeNseTcs €€ Xapakre-
PUCTUKE HANpPaBIECHHOCTU. VIMEHHO JaHHAsl XapaKTEPHUCTUKA ONPEAENSIET OCHOB-
HOE CBOMCTBO aHTEHHBI — U3J1y4aTh 3JIEKTPOMArHUTHYIO SHEPTUIO B POCTPAHCTBO
(W1 IpUHUMATH €€ U3 HEro).

IIpy nOpOEeKTUPOBAaHMU UCCIEAOBAHUE XapPaKTEPUCTHUK HAMPABIECHHOCTH
OCYLIECTBIIIETCS ABYMSI METOJAMH: METOJIOM HATYPHOTO DKCIIEPUMEHTA U METO-
JIOM BBIYMCIIMTENBHOTO SKCiEpuMeHTa. Hamypuulil skcnepumenm CBSI3aH C IMPO-
BEJICHUEM M3MEpPEHUI Ha MOJIUroHe (BHEUIHEM WJIM BHYTPEHHEM) U MpeaHa3HaueH
IUISL TIPOBEJEHUS UCCIEA0BAHNUN TOTOBBIX KOHCTPYKLMI aHTEHH WJIM UX MAKETOB,
T.€. UCCIEZoBaTeNIb UMEET JIEJ0 TOJBKO C peajbHbIM OOBEKTOM HCCIEAOBAHUS —
aHTeHHOU. MeToA évtuuciumenbHozo IKcnepumenma, HaA0OOPOT, CBSI3aH C TEOpe-
TUYECKUMU HUCCIEIOBAHUAMU M 0azupyeTcss Ha MOCTPOEHUHU DIIEKTPOAMHAMUYE-
CKOM MoJienHu, pa3pabOTKE COOTBETCTBYIOIIETO BBIYUCIUTENIBHOIO ajJropuTMa M
€ro peajiu3aluu B Cpejie IporpaMMHUpOBaHus. B pe3ynbraTe uccienoBaTeab UMEET
JIJI0 HE TOJIBKO C peajbHbIM OOBEKTOM, HO M C €r0 MMHUTAIIMOHHOW MOJEIbI0 U
BBIYMCIIUTEIBHON TEXHUKON. BRIUNCINTENBHBIA YKCIEPUMEHT BCETrAA MPEACTABIISA-
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€T Cco0O0W MMHUTAIMI0 HEKOTOPOW PEaIbHOCTH. B pe3ynbTaTe BBIYUCIUTEIBHOTO
OKCIIEPUMEHTA HMCCIICIOBATEIh MOXET TOJYYUTh HOBBIC 3HAHHS, M3yYHUTh U OIlC-
HUTB HOBBIC, CIIE HE CO3aHHbIC KOHCTPYKITUH.

O0a mMeTo/1a TPOBEICHUS SKCIICPUMEHTA TI0 HCCIICIOBAHUIO XapaKTEPUCTHKH
HAIPaBJICHHOCTH aHTEHHBI UMEIOT KaK JOCTOWHCTBA, TaK M HEIOCTaTKU. Tak, Me-
TOJ HATYpPHOTO OKCICPHMCHTa OOCCICYMBACT IIOJYYCHHE XapaKTCPUCTHKH
HAIPaBJICHHOCTH TOTOBBIX KOHCTPYKIIMI aHTCHH 0€3 MPOBEICHUS NPEIBAPUTEIb-
HBIX TEOPETHYCCKUX HCCIICIOBAHMMA, OJHAKO TPeOyeT HAIWYUS BHEITHETO WU
BHYTPEHHETO IIOJIMTOHA M JOPOTOCTOSIIECTO OTKAIMOPOBAHHOTO O0OpPYIOBAHHUS.
[Tpu poBeICHUH BBIYUCIUTEIIHFHOTO YKCIIEPUMEHTA HCCIICOBATEIb JODKCH TIPEI-
BapUTEIILHO PEIIMTh HECKOJIBKO MPOOJIEMHBIX BOIIPOCOB:

- mpoGsemMa BeIOOpa (IIOCTPOCHMS) MOJICIIHN: MOJCNb JOJKHA 00ecreunBaTh
MOJIYYCHHE PE3yJIBTaTOB ¢ TPEOYyeMOW I MPAKTHYECKUX IEJICH TOYHOCTBIO MPHU
COIOCTAaBUMBIX BBIYMCIUTEIIBHBIX 3aTpaTax;

- mpobJieMa aeKBaTHOCTH MOJICII OTIMCHIBAEMOM peaTbHOCTH.

JlaHHBIC BOIIPOCHI PEIIAFOTCS HA dTare pa3pabdOTKH METOIOJIOTHH SKCIIEPH-
MeHTa. MeTo/1010THs SKCIEPUMEHTA — 3TO 001ast CTPYKTypa (IIPOEKT) IKCIEepH-
MEHTa, T. €. IOCTAHOBKA W IOCJICA0BATEILHOCTh BBIMOJHECHHS DKCTICPHMEHTAb-
HBIX HUCCIICOBAaHUK. MeTO0JIOTHS DKCIICPUMEHTA BKIIFOYACT B CEOS CICAYIOIIHE
OCHOBHBIE DTAIIbI:

- TMPOBEACHHUE HATYPHOTO IKCIIEPUMEHTA;

- MOCTPOEHUE MAaTEMaTUYECKON MOJICIIH;

- BBIOOp W MPUMCHEHHUE YUCICHHOTO METO/Ia JIJISl HAXO0XKJICHHS PEIICHUS;

- 00paboTKa pe3ylIbTaTOB BEIUYMCICHU;

- CpaBHEHHE C Pe3yJIbTaTaMH HaTYPHOT'O SKCIICPUMCHTA,

- TMPUHATHE PEIICHUS O MIPOJOJDKEHUN HATYPHBIX SKCIICPUMEHTOB;

- MPOJOJDKCHHE HATYPHOTO DKCIIEPUMEHTA IS TOJIYYCHHS JaHHBIX, HE00XO-

JTUMBIX IS YTOUHEHUS MOJIEIIH;

- HAKOIUICHHC SKCIICPUMCHTAJIBHBIX TAHHBIX,
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- TIOCTPOCHHE MaTEeMAaTHYECKOW MOICIH;
- aBTOMAaTHYECKOE IMOCTPOCHUE NMPOrPAMMHON peanm3allid MaTeMaTHYeCKON

MOJICTIH;

- aBTOMAaTH3UPOBAHHOE HAXOXKICHUE YHCICHHOTO PEIICHHUS;

- aBTOMAaTH3MPOBAHHOE MPEOOpPa30BaHUE PE3YJbTATOB BBIYMCIUTCIBHBIX B
dhopmy, yI0OHYIO JJIsl aHATTU3A;

- TMPUHATHE PEIICHUS O MPOIOJDKCHUN HATYPHBIX SKCTICPUMEHTOB.

Crneayer OTMETUTD, YTO MPUBEICHHOE KOJMYECTBO ITAIIOB CIIPABETHBO JIJIs
TPaJAMIIMOHHOTO 3KcniepuMenTa. OJTHAKO B TOCIEIHEE BPEMsI ITUPOKO MPUMEHSIOT
MaTEMaTHYCCKYI0 TEOPHIO SKCICPUMEHTA, TO3BOJIIONIYIO PE3KO IMOBBICUTH TOY-
HOCTh M YMEHBIITUTh 00bEM SKCIICPUMEHTAIIbHBIX NCCIICIOBAHMH.

AHanu3 MPUBEACHHBIX BBIIIE 3TANOB MOKA3BIBACT, YTO BBHIYMCIUTCIBHBIN H

HATYPHBIN SKCIIEPUMEHT CBSI3aHbI MEXAY COOON U JOMOMHSIOT APYT pyra.

1.2 Onucanue MeToAa BBILNIKHU NIPH NMPOBEJICHUN HATYPHOI 0
IKCMEPUMEHTA M0 U3YYEHHUI0O XaPAKTEePUCTUKH HANIPABJIECHHOCTH
AHTEHHBI

AHaJIN3 TPUBEJICHHBIX BBIIIEC ATANIOB HAYYHBIX UCCIEOBAHUN MOKA3bIBAET,
YTO OCHOBOMW ISl TIOJYyYEHHUS HOBBIX 3HAHMU 00 00BEKTE, a Takke 0azoM ajis
OIICHKH JOCTOBEPHOCTH MOJIYyYaEMbIX IIPU MPOBEACHUM BBIYMCIUTEIBLHOTO dKCIIE-
pUMEHTA PE3YJIbTATOB SBJSECTCA PE3yJIbTaThl HATYPHOTO YKCIIEPUMEHTA.

PaccmoTpuM 0COOEHHOCTH MPOBEACHUSI HATYPHOTO AKCIEPUMEHTA Ha TIPH-
Mepe HW3y4YCHHUS XapaKTePUCTHUKH HANPABICHHOCTH AHTEHHBI CYXOIYTHOM IIO-
JIBMKHOM CBSI3H.

MeToabl U3MEPEHUSI XapAKTEPUCTUKU HANIPABICHHOCTH AaHTEHH MOApa3jie-
JSIFOTCS Ha TPYMIBI B COOTBETCTBUH C 30HOM (aJIbHEN, MPOMEXKYTOUHOM, OJIMK-
He) mpoBeaeHus u3mepennii. Hanbomnee oTpaboTaHHBIMU U MPOCTHIMU SIBIISIOTCS
METO/bl U3MEPEHHUS B NaibHEHW 30HE. [ paHuIla HanbHEN 30HBI ONpPEEISIETCS CO-

OTHOIICHHUECM PAa3MCPOB AaHTCHHBI U JIJIMHBI BOJIHBI:
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r>20% N, (1)

rae L — HauOonbIIMi W3 JTUHEHHBIX pa3MEpOB UCIBITYEMON aHTEHHBI (pa3Mmep

amepTyphl); ¥ - pacCTOsIHUE OT (Pa30BOTO IEHTPA aHTEHHBI; A =c/ f - JJuHA BOJI-

HbI;, ¢ =3-10% M/c — CKOPOCTB CBETa B CBOGOIHOM MPOCTPAHCTBE; f — YaCTOTA Iie-
penaTJyuka.

K Metonam m3mepenuii B JaibHEN 30HE OTHOCSATCSI METOJbI BBIIIIKA U METO/T
obnera. O6a MeTo/la TPUMEHSIIOTCS B IIMPOKOM JHANA30HE T'€OMETPUYECKUX U
AIEKTPUUYECKUX PA3MEPOB aHTEHH U MOTYT MPUMEHSITHCA HAa 000MX TUIAX MMOJUTO-
HOB (OTKPBITBIX M 3aKPBITHIX MOJUTOHAX, T.€. 0€39X0BBIX Kamepax). MeTo 1 BBIIIKH
HauOosiee 00eceueH B almapaTypHOM OTHOIIEHUH, TTOCKOIBKY MpeAIoiaraeT 1uc-
MOJIb30BaHUE MPUOOPOB MIUPOKOTO MPUMEHEHHUS MO0 IITAaTHBIE CPENICTBA PaJIUO-
TEXHUYECKUX KOMIUIEKCOB IIPU KOHTPOJIE apaMeTPOB UX aHTEHH U KaHAJIOB B IIe-
JIOM.

JlanHbIit MeTo1 0a3upyeTcsl Ha UCIOJb30BAHUH TOJIST U3JTYYEHUST BCTIOMOTa-
TEJTLHON aHTEHHBI, PACIIOI0KEHHOM Ha MOBOPOTHBIX YCTPOMCTBAX B TAJIbHEH 30HE.
Ha pucynke 1 mokazan BapuaHT MOCTPOSHHS MOJHATOTO MOJIMIOHA, KOTOPBIM MO-

’KET UCNOIb30BaThcs B MeToze BbIIKU. Ha Hem f,(0) u f,(0) ob6o3HaueHbl COOT-

BeTCTBEHHO J|H ucnbiTyemMol 1 BCIOMOraTeaIbHOU aHTEHH.
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PI/ICYHOK 1 — Cxema IMOAHATOrO IMOJIMTOHA, UCITI0JIB3YEMOI'0 B ME€TOAC BBIIIKH



OCHOBHBIMH HETOCTATKAMH METOIA SIBISIOTCS:

- BO3MOJKHOCTb BO3HUKHOBEHHS IIOIPEIIHOCTEH HW3MEPEHUN BCIICICTBUE
BETPOBBIX BO3/CHCTBUM, TEIMJIOBBIX Ie(opMmainuii, OTKIOHEHUH H3MepsieMoil aH-
TEHHBI;

- TPYAHOCTH € 00€CIIEYEeHUEM 3JIEKTPOMArHUTHON COBMECTUMOCTH HU3Mepe-

HUM ¢ pabOTOM IPYyTrUX CPECTB.

1.3 Oco0enHoOCTH NPOBEAECHUS BHIYHCIMTENbHOI0 IKCIIEPUMEHTA
Ha puMepe pelieHus 3a1a4M Jupakunu

[Ipy uMCHOJNIb30BaHUU BBIYMCIUTEIBHBIX 3KCIEPUMEHTOB KpaeBas 3ajaua
ANEKTPOAMHAMUKY peutaemca OJHUM U3 HU3BECTHBIX METOAOB. JlaHHBIE METOMbI
pa3IMyaroTCsA: OJHU U3 HUX O0JIaJaroT JOCTATOYHO OOJIBIION OOIIHOCTBIO, ApYyTrHe
pa3paboTaHbl K PEHICHUI0 KOHKPETHBIX 3a7a4. OHAKO BO BCEX CIydasiX pelleHue
HA4YMHAETCS C IOCTAaHOBKH 33/1a4H, a 3aTEM [TIOCTPOCHHUS MOJIEIN €€ PEIICHHUS.

[TocTanoBka AupakUUOHHBIX (KpaeBbIX) 3a/7a4 BHITJIAIUT CIEIYIOUUM 00-

pazoMm. Ilycms uMeeTcs Telo, TEOMETPHS MTOBEPXHOCTH S KOTOPOT'O ONMHCHIBAETCS

) o —Ian
kakoi-To pynkuueit R . Ha manHOe Teno mamaer anekTpoMarHuTHas BoiHa (£,

—TIaz
H ), Bo3Oyxnaemasi HCTOUHUKOM 3aJJaHHOTO BHUJA. Ipedyemcs HAUTH TIOTHOE

II0JIC B HpOI/IBBOJIBHOﬁ Touke. B kadyecTBe ozpaHulteHuﬁ Ha I1OJIy9acMOC PCHICHUC
HCIIOJIB3YIOTCA I'PaHUYHBIC YCJIOBUA HA ITOBCPXHOCTU TCJIA. FCOMeTpI/ISI 3aladH I10-

Ka3aHa Ha PUCYHKE 2.

S=R(f) nad Frnad
E* H
\\\

Pucynok 2 — I'eomerpust 3anaun nudpakuuu



Crnenyer OTMETUTh, YTO B (POPMYIHMPOBKH JIFOOON 3a/aud MaTeMaTUYeCKOU
(GU3UKK TPUMEHSIOTCS KIIIOUEBBIE CIOBA, BHITEKAIONINE U3 (POPMYIUPOBKH TEOpE-
Mbl €IMHCTBEHHOCTU. K HUM OTHOCSTCS: «IIYCTh», «OTPAaHUUYCHUS», «TPEOYETCSI».

VYCI0BHO METOJbI pelIeHHs 3a/1au JEKTPOJAMHAMUKN Pa3/IeliaioTCsl Ha TpU
IPYHIIBL: CTPOTUE; MPUOIMKEHHbIE (ACUMITOTUYECKHE); YUCTICHHBIE.

Cmpozue memoosl TO3BOJISIIOT MOJyYaTh PEIICHUE B aHAIUTHYECKOW (3a-
MKHYTOM) popme. [Ipu 3TOM perieHre cnpaBeayiuBO MpH Jit0OOM COOTHOUIEHUH
MEXIy pa3MepaMH paccMaTpuBaeMoro o0ObeKTa U JJIMHON BOJIHBI, T.€. IPH JIOOBIX
ANEKTPUUECKUX pa3Mmepax oObekTa. llomydeHHOe pelieHure yI0BIETBOPSET BCEM
TpeOOBaHUSIM TEOPEMbI €JUHCTBEHHOCTU. TOUYHOCThH MOJYYaeMBbIX MPU 3TOM pe-
3yJIBTATOB 3aBUCHUT OT aJIEKBATHOCTH MOJIETU PEAIbHOMY OOBEKTY, T.€. OT KOJIhYe-
CTBa BBEJICHHBIX JIONYIIEHUN Ha ATarne GopMalu3aluy 3a1a4u.

Crnenyer OTMETHUTB, UTO OOHY U HLY JHce KPAegylo 3a0auy MOMNCHO Peulump
PA3TUYHBIMU CHIPOSUMU MEmo0amu, noay4as paziuyHvlie popmul 3anucu pe-
uienus. B nekomopuix cayuaax 0o0a peuienusn He Mozym 0vlmb c6€0eHbl K 00HOI
U moiul xce 3anucu, 00Ka3ae ux uoenmuurnocms. QOnaxo oba peuwienus yooeJe-
meopaom mpedoeanusm meopemvl eOUHCMEEHHOCMU U MOMCHO NO1A2amb,
Ymo noJiyyeHHble peuleHus CO8nRa0arom.

[Ipy MOCTPOEHMH CTPOTOro pPEUICHHS SJIEKTPOJAMHAMHYECKON 3ajaun eé
MpEeABApPUTEILHO CBOAAT JIMOO K pemieHuto AuddepeHunasbHoro ypaBHEHHsS B
YaCTHBIX MPOU3BOJHBIX (HampuUMep, Kak MpejcTaBieHne ypaBHeHud MakcBenia B
muddepenunanbHoil popme), MO0 K PEHIeHUI0 MHTErpajbHOro ypaBHEeHHs. Pe-
[I€HUE OCYUIECTBIISIETCS B TOW CUCTEME KOOPJMHAT, B KOTOPO KOOPAMHATHBIE T10-
BEPXHOCTU COBIMAJANU WM ObUIM OJM3KU K TPAaHUYHBIM MOBEPXHOCTSAM. J{aHHbBIE
MOBEPXHOCTH MOJYYWIM Ha3blBaHUE KaHoHuuueckux. llpyu yKazaHHBIX YCIOBHUSAX
BO3MOXHO pa3/ieJICHUE KOMIOHEHT AJIEKTPUYECKOr0 U MarHuTHoro mojieit. Ilpu-
MepaMu KaHOHMYECKUX MOBEPXHOCTEN SIBISIOTCS, B YACTHOCTHU, KPYTrOBOM, AJINII-
TUYECKUH, MapaboIu4YecKuil IWIMHIPBI, O€CKOHEUYHBIH KiuH, map. [lomydyeHHbie

A1 KAHOHHYCCKHUX HOBCpXHOCTCﬁ peuicHuAg MOTYT UTPATh POJIb 3TAJIOHHBIX PCIIC-
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HUH, MOCKOJBKY C UX MOMOILbIO MOYKHO MPOBEPATh TOYHOCTh MPUOIMKEHHBIX pe-
LICHUM.

W3BeCTHO OTHOCUTENHHO HEOOJIBIIOE YHUCIO CTPOTMX METOJIOB PpEILICHUs
KpaeBbIX 3aJa4 AJIEKTPOJUHAMUKH, Hanpumep: Meto] Dypbe (MeToj pasaeiaeHus
nepeMeHHbIX); MeToa ['puHOepra; MeToa MHTEerpaibHbIX MPeoOpa3oBaHU; METO
Bunepa-Xonga-doka; MeToJ pa3BETBICHHBIX PEIICHUN; METOJ, OCHOBAHHBIA Ha
noctpoenuu ¢pynkuuii ['puna.

BypHoe pa3BuTHE BBIUUCIUTEIBHOW TEXHUKU MO3BOJIMIO CO37aTh 3(dek-
TUBHBIC MEMOObl YUCIEHHO20 pewieHusn 3a1ad IEKTpoauHaMukKd. OIHAKO psX
MpOrpaMMHBIX NpoAykToB, Hanpumep, CST Studio Suite 2018 u GRASP pupmbl
Ticra nipeanararT 1Ji1 MOJAEIUPOBAHUs HECKOJIBKO METOAOB. B CBs3U ¢ 3TUM BO3-
HUKAET HEOOXOJUMOCTh 3HATh, UEM MpejiaraeMble METO/Abl OTJIMYAIOTCA JAPYT OT
Apyra 1 Kakoi MeToJl JUIsl CCIIeIOBAaHUHM B Ka)KJIOM KOHKPETHOM Clly4ae BbIOpATh.

B ocHOBe 4nCIEHHBIX METOAOB JIEKUT HE (opMya, a aAITOPUTM, T.€. ITOCIIe-
NIOBATEJIbHOCTH OIlEpalui, B pe3yJIbTaTe KOTOPBIX U3 psAa YHUCEN, XapaKTepU3yo-
LIMX UCXOAHBIE JAHHBIC 3aJa4H, IIOJYy4acTCs PELICHUE TaKXKe B BUJIEC PsAla YHCEIL.
[Ipu pemieHun JIMHEWHBIX 3a]a4, KaKOBBIMH SIBISIETCS MOJABJSAIONIEe OOJIBIIMH-
CTBO 3aJ1a4 JJICKTPOAUHAMUKH, YHUCICHHOE PELICHUE, KaK IIPAaBUIIO0, 3aKI0YACTCS B
CBEJICHUU €€ K CHUCTEME JIMHEHHBIX aJireOpandecKuX ypaBHEHUH C MOCIEAYIOMIUM
pemieHneM nocnenaen. Knacc 4McneHHpIX METOI0B, CBOIAIINX FPAHUYHYIO 3a1a4y
MaTeMaTU4ecKOM (PU3MKHU K PEIICHUIO CUCTEMbI TUHEHHBIX alreOpanyecKkux ypaB-
HEHUU, HOCUT Ha3BaHUE NPAMbBIX MEMOOO08.

Ilonxonsl K npudauINCEHHOMY peutenuio 3a1a4 dIEKTPOIUHAMUKHU YCIOBHO
MIOAPA3JICIISIOTCA Ha JBE IPYIIIbI: METOABI ITIOCTPOCHUSI ACUMITOTHYECKUX pelle-
HUll (acumnmomuueckue memoosvt) 1 METO/Ibl, OCHOBAaHHBIE Ha HEKOTOPBIX 3BPHU-
CTHUYECKUX IPEAINONIOKEHUAX (8pucmuueckue memoost). IBPUCTUUECKUE METO-
Il IPUMEHSIOTCS, KaK IIPAaBUIIO, ISl PELIECHUS BHEIIHUX 3a7a4 JIEKTPOIUHAMHUKH.
B acuMnToTnyeckux MeTonax pelIeHUE UILETCS B BUJE PA3I0KEHUS IO MOJIOKU-

TCIBbHBIM CTCIICHAM HCKOTOPOI'O MAJIOI'O ITapaMCTpa WJIHN I10 O6paTHBIM CTCIICHAM
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HEKOTOpOro 6oJbiIoro napamerpa. OObUHO B KaYECTBE TaKOrO MapaMeTpa BbIOU-
paeTcs EKTPUISCKUM XapaKTepUCTUUECKUN pa3Mep 00beKTa ka WU OTHOIIEHUE
XapaKTepHOro pa3mepa L Tena K JJIMHe BOITHBI A - L/\.

[To maHHOMY MapaMeTpy BBIICISAIOT TPH XapaKTePHBIC 00JIACTH PEIICHUIA:
- KBa3HCTATHYCCKYIO (PIICEBCKY0) 001acTh, koraa L /A <<1,

- pe3oHAHCHYIO 06IacTh, Koraa L [A=1 4 napameTpbl Cpeibl MOTYT OBICT-

PO MCHATHCA HA PACCTOAHUN, pAaBHOM JJIMHC BOJIHBI,

- KBa3HOITHYeCKYI0 061acth, korna L/ A >>1 a napamerpsi cpenst mensi-
I0TCS MaJIO Ha PaCCTOSTHUU, PABHO JUIMHE BOJIHBI.

B keazucmamuueckoii o6n1acmu npuMeHsIOTCS aCUMITOTUYECKHE METOJIbI
C TIPEIICTAaBICHUEM Pa3lIOKEeHUs BEKTOPOB IMOJIS B PsAI MO CTeNeHsIM kL, T.e. 1o
MaJoMy napaMmeTpy 3afadd. B pesynbrare 35eKTpoJuHaMHYECcKasl 3a1ada CBOAUT-
Csl K MOCJIEIOBATEIbHOMY PEIICHHUIO psifa 3JIEKTPOCTATUYECKUX U MarHUTOCTaTH-
yeckux 3aaad. [lepexon k craTM4ecKUM 3ajadaM JaeT YIPOLIEHHE 3a CUET ABYX
(aKkTOpOB: BO-NIEPBBIX, CKAJSIPHBIC 33/1a4U CKAJISIPHbIE, 4, BO-BTOPBIX, MOIyYaeMble
IIPU 3TOM YpaBHEHUS 3JIEKTPOCTATUKM - ypaBHeHUs Jlarmaca u Ilyaccona — mpoiie
ypaBHenuii ['ensmronsia. Henoctatkom siBiasieTcst TOT GakT, YTO B IPAKTUYECKUX
3aJa4ax JaJeKo HEe BCErJa YAAeTCs aHAIMTUYECKH pElIMTh ypaBHeHue Jlamnaca u
MPUXOAUTCS MpUOEraTh K YUCICHHOMY PEILICHHUIO.

Pezonancnaa obnacme Hambosee CIOKHA JJI1 UCCIENOBAHUS, MOCKOJIBKY
371eCh TPEOYIOTCSI CTPOTME METO/IbI pelleHHs ypaBHEHUM MakcBenna. s nomyue-
HUSl TAaKUX PEIICHUH Yalle BCEro MCIOJIb3YIOTCS JBa OJM3KUX CTPOTHX METOJA:
METOJI pa3/ielieHus NePEeMEHHBIX (MeTOJ COOCTBEHHBIX (DYHKIIMI) U METOJ HHTE-
rpajdbHBIX MpeoOpazoBanuil. [Ipy UCMONB30BaHUM JTAHHBIX METOJOB MOAOUpAETCS
cUCTeMa KOOpJIMHAT, Takas, YTOObl T'pPaHUYHbIE MOBEPXHOCTH HWJIA MOBEPXHOCTH
pPaBHBIX MApaMETPOB CPEAbl COBIMAIATU C KOOPAUHATHBIMU MMOBEPXHOCTSIMU. B BbI-
OpaHHOUM cHucTeMe KOOpJMHAT OTHICKUBAIOTCS PEHIeHUs] OJHOPOJHOTIO YpaBHEHHUS

['enpmronpiia. 3TH pelieHus IpU ONPEACTICHHBIX YCIOBUSIX 00pa3yroT MOJTHBIE Op-



TOTOHAJIbHBIE CUCTEMBI (DYHKIIUH, 110 KOTOPHIM PEIICHHE HEOJHOPOJIHOIO ypaBHe-
HUS MOXET OBITh Pa3I0KeHO JU00 B P (METOJ COOCTBEHHBIX (DYHKIIMI), OO B
uHTErpai (MeToJ MHTErpajibHbIX MpeoOpaszoBanuii). [lonyyaemoe B aHanuTHue-
CKOM (popMe MOJIHOE pelIeHUE 3a7auyd CIPaBEIMBO BO BCEX TPEX XapaKTEPHBIX
obnactsax. HegocratkoM METOOB SIBASIETCS TO, YTO OHM NMPUMEHHUMBI TOJIBKO MPHU
OYeHb MPOCTON (HhOpME IPaHUYHBIX MMOBEPXHOCTEN HIIM OBEPXHOCTEHN paBHBIX Ma-
paMeTpoB CpEIb.

['paHuyHbIe 3a7a4l MOKHO TaK)K€ CBECTU K HMHTETPAJIbHBIM YPAaBHEHUSIM.
WuTerpanbHble ypaBHEHHSI MOKHO COCTaBUTh ISl T€N MPAKTHYECKHU JH000M (op-
Mbl. HaknagpiBatoTcss nuib ciiabble OrpaHUYeHHs, TpeOylolue B ONpeIeeHHOM
CMBICIIE TJIAJKOCTU TOBEpXHOCTH. WHTerpajibHble ypaBHEHHS IO3BOJSIOT pac-
CMOTpETh BOMPOCHI CYIIECTBOBAaHUS PEIICHUN I'paHUYHBIX 3ajad. BmecTe ¢ Tewm,
UCIIOJIb3YsI XOPOIIO pazpaboTaHHbIE METO/Ibl YNCICHHOTO PEIICHUsS MHTETpaTbHbIX
YPaBHEHHM, CTPOSITCS aJrOPUTMbI pEUICHUSI HEKOTOPBIX KJIACCOB I'PaHUYHBIX 3a/1a4
(MperMyIIeCTBEHHO BHEIIHUX).

Keazuonmuka — nanbonee MHOTOOOCIIAIONINI U Pa3BUBAIOIIMICS B HACTO-
Alee BpeMsi pas3ziell dJIEKTPOJAUHAMHUKHU, MOCKOJIbKY B COOTBETCTBHM C YCIOBHUEM
paszeneHus JaHHbIN paszzgen onpeaenser GOpMyITUPOBKY 3a7ad B BbICOKOYACTOT-
HOM JAMana3zoHe. JTO CTAaHOBUTCS aKTyalbHbIM IIPH Mepexone K crtaHaapry S5G, B
KOTOPOM MPETYCMOTPEH MepPeXo]] CeTel CBsI3U OT yacToTHOro nuamna3ona 900 MI'y
1o 84 I'T'w.

B kBazuontuueckoi 00JIacTH MpHU pPEIICeHUH IU(PPAKIMOHHBIX 3a7a4 HC-
MOJIB3YIOTCS acumnmomuueckue u Igpucmuueckue memoowt. Cpeau 3BpucTuye-
CKHUX METOJIOB BBIIEISAIOT JIyueBble U BOJIHOBbIE. K s1yuesvim memooam, npexne
BCEro, OTHOCSATCS T€OMETpUYecKas ONTHKA U €€ YTOUHEHHs: TeOMEeTpHYecKasi Te0-
pusi 1udpakiuy; KOMIUIEKCHAs F€OMETpUYEecKasl ONTHKA, MO3BOJSIONIASl BbIYMC-
JSATH MO B 001acTH pedpakiiMOHHON TEHU; METO] MapadOoIUYeCKOr0 YpaBHEHUS.
Bonnoevie memoowt Bkt04atoT B ce0s MeToA GU3MUECKON ONTUKU (MTPUOIHKEHNE

KI/IpXI‘O(i)a) C YTOUHCHUAMHU, U3 KOTOPBIX OTMCTHUM MCTOJ KpPACBbLIX BOJIH, IIO3BO-
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JSIOIMNA HaWTH TONMPABKU K IMOJIO U3JIYYEHUS, CBSI3aHHbBIE C HAJIMYUEM H3JIOMOB
Ha PacCEUBAIOIINX MOBEPXHOCTSIX; METOMABI, CBA3aHHBIE C IMOCTPOCHUEM MPHUOJIN-
KEHHBIX (KBa3HOINTHUYECKHX) COOCTBEHHBbIX (hyHKIMI. KBazuontuyeckue MeTomabl
MO3BOJISIIOT PelllaTh 3HAUYMTEIBHO Oo0Jiee MIUPOKUM KpYT 3ajad, YeM TouyHble. TeH-
JEHIUS 371eCh TaKOBa, YTO KBA3MOINTHKA Bce ONMKe M OJMMKE MOIXOAUT K Pe30-
HaHCHOM oOnacTu. YncieHHble METO/Ibl B KBA3UONTUYECKON 00J1aCTH MPUMEHSIIOT-
Csl B MEHBILIEH CTENEHH, XOTS K HUM U MPUXOJUTCA MPUOEraTh JJis peuieHus: ypas-
HEHU T€OMETPUUECKOM ONTUKHU U MapadoIMYeCcKUX ypaBHEHH.

1.4 OcHOBHBIE MOJI0OKEHUS METOAA Pa3AeJIeHUs NMepeMEeHHbIX

npu pemieHuN AUGpPaKIHOHHBIX 32124

OpHuM M3 aHAIUTUYECKUX METOJIOB, MO3BOJISIIONIMX MOJYYUTh pEUICHUE B
3aMKHYTON (hopme, SIBISIETCS METOJ pa3fesieHHs] NMepeMeHHbIX. PaccMoTpuM oc-
HOBHBIE MOMEHTBI €ro NMpUMEHEHMs. J[aHHBII MeTOJ MOKeT OBbITh MCIOJIb30BaH,
KOI'/Ia KOOpAMHATHBIE MOBEPXHOCTH COBMAJAIOT C IPAHUYHBIMU MOBEPXHOCTIMU
tena. Pemenne nudpepeHraibHOro ypaBHeH!s B YaCTHBIX MPOU3BOIHBIX BUIA

*y(x,y)  *w(x,y)
ox? ¥ 8y2 =0 @

MIPEICTABIIACTCS B BU/IE MPOU3BEICHMUS

y(x, y) = M(x)N(y) 3)
WM TPOU3BENICHUS CYMM Heu3BecTHbIX GyHKuuid M (x), N(y), Kaxnas U3 KOTO-
PBIX 3aBUCHUT TOJBKO OT OJIHOM KoopauHathl. [logcTtaBuB BeipaxkeHue (3) B ypaB-

HeHue (2) ¥ mowIeHHO pa3jeiuB Ha npoussenenue M (x)N(y), noayqaem:

1 dZM(x)__ 1 dZN(x)_K2
M(x) dx’ - N(x) dx’ o

4

o 2
[losiBneHME MOCTOSIHHOM PasaciICHUA K O6YCHOBJICHO TCM, 4YTO JICBaA W IIpaBasd
YaCTHU YpaBHCHUA 3aBUCAT OT PA3HBIX IICPCMCHHBIX. ypaBHeHI/IC (4) MOET OBIThH

paszieseHo Ha J1Ba OOBIKHOBEHHBIX U] PEepeHIINaIbHBIX YPaBHEHUS
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d> M (x)

P +K*M(x),
X

dngx) =FK’N(x). (5)

Pemenue ypaBHeHuit (5) npu BepxHeM COYETaHUM 3HAKOB MPU BHIOPAHHOM MOCTO-

SIHHOM pasaciacHuss UMECT BUI:

M (x)= Acos Kx + Bsin Kx, (6a)

[Ipu oOpaTHOM COYETaHHM 3HAKOB TMPHU TMOCTOSHHOW pa3fesieHHs] runepOonye-
CKH€ U TPUTOHOMETPUYECKHUE (PYHKIIUU MEHSIOTCS MECTAMM.

Br16op pemieHust 3aBUCUT OT TpaHUYHbBIX yciaoBHM. [10CKONBKY TaHHBIN Me-
TOJ MIPUMEHSETCS JJIsl PEIICHUs] OJJHOPOAHBIX 3a/1a4 MAaTEMaTUYECKON (PU3HUKHU, TO
UcKoMas (PYHKIUS JOJDKHA YIOBJIETBOPSTH OJHOPOJHBIM T'PAHUYHBIM YCIOBHIM
Ha KOHIAX MPOMEXYTKAa M3MEHEHHUsI OJHOM W3 MEpPEMEHHBbIX. B mpenmnonoxenuwu,
YTO OAHOPOJHBIE KPAEBbIE YCIOBUS BBIMOJHAKOTCSA HAa KOHIAX IMPOMEKYTKA H3Me-

HeHus: GyHkuuu (a,b), BIpakeHHe 17151 JaHHBIX TPAHUYHBIX YCIOBUN UMEET BUJL:

aaa_u+l3au ‘x=a =0,
ox , (7)
ou

oy —+ Pyt | 4=p =0
ox

riae u — o0o0meHHoe 0003HaueHne uckoMoil pynkuuu; o, o, B,, B, - Hocro-
SHHBIE, YaCTh U3 HUX MOXXET PaBHATHCS HyI0. B wacTHOCTH, eciu o, =a, =0 u
B, =B, =1 u3 coorHomenus (7) HECIOKHO MOTYYUTh OJHOPOJHBIE YCIOBHS IEP-
BOT'O poja:

u‘ x=a — u‘ x=b — 0 ’ (8&)
anpu o, =a, =1u B, =B, =0 - oqHOPOAHBIE TPAaHUYHBIE YCIOBHS BTOPOrO PO-

Ja.

ou ou
_— . = = O 86
8x‘x_a 8x‘x_b (86)

B MPUITOKCHUAX MOT'YT BCTPCUYATHCA U YCJIOBUA APYIroro BUAA:
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ou

ax‘x=a :a‘)mb' (IIIB)

Z/l‘x=a :u‘x=b ’

C YUCeTOM CACIIaHHBIX 3aME€UaHUM OTHOCHUTEIBHO I'pPaHUYHBIX YCJIOBI/Iﬁ B
IIaJIBHeﬁH.IeM PCUICHUN CHa4alla HAXOAUTCA Ta HC3aBHCHUMaAsA q)yHKI_II/ISI, Imo 1mepe-

MEHHOI KOTOpOIi 3aJaHbl HyJIeBblE TPaHUYHbBIC YCIOBUS, Hampumep, M (x). Jlan-
Hast QyHKIUs OyJeT yIOBIETBOPITH 33JaHHBIM OJHOPOJHBIM T'PAaHUYHBIM YCIOBH-
SM U He OyJleT paBHa HYJIO (UTO HE MPEACTABISIET UHTEpeca) TOJIBKO MPH OIpese-
JIeHHBIX 3HaueHMsAX uyucen K, . Uucna K, B oOlieM ciydae BBIYUCISAIOT, IPUpPAB-
HHUBasi K HYJIO TJIaBHBIM ONpeAeTuTeNb CUCTEMbl YPaBHEHHM, MOTYYEHHON MmyTeM
nojcTaHoBKU pemeHuss M, (Kx) B Bblpak€HHE JUJIsl TPaHWYHBIX ycIoBuil (mpu
x=a n x=>b). Onpenenurens COCTaBIAIT U3 KodpduuueHros npu 4, u B, ,
KOTOpbIE PacCMaTPUBAIOT KaK MCKOMbIE BEIMYMHBI. 3aTeM KaKoe-JIMOO 3HaueHHE
U3 HallleHHbIX yncesl K, MOJCTABISIOT B 3TY CUCTEMY YPaBHEHMH U HaXOIAT OJ-
Hy U3 IIOCTOSTHHBIX, HallpuMep, A, BeIpakeHHYI0 uepe3 B. OqHako uucna K, B ps-
e CIy4aeB MOTYT OBITh pacCUUTaHbl 0€3 COCTABICHUS CUCTEMbI YPaBHEHUH, HETIO-
CPEACTBEHHO IO TPAHUYHBIM YCIOBHUSIM, C YU€TOM CBOMCTB Mckomoro mnois. [lpu
U3BECTHBIX 3HAUEeHUSAX K, 4acTHOE peleHue UMEeT BU:
o0
y(x,»)=> {(4, cosK,x+ B, sinK,x)(C, chK,y+ D, shK,y)}. (1.12)
n=1
Iocrosusie C,, D, onpenenstoT U3 HEOAHOPOJHBIX TPAHUYHBIX YCIOBUH MO Ie-

PEMEHHOMH Y.

Jlekumus 2. [IpumeHeHHe YMCIEHHBIX METOA0B
B BIYMCJIHUTEIbHOM IKCIIEPUMEHTE NPH NPOCKTHPOBAHUU AHTCHH

2.1 O01mue cBeIeHUA 0 YHCJICHHBIX METOAaX
B nacrosimiee Bpems pazpaboTaHo OOJBIIOE KOJWYECTBO YHCIEHHBIX METO-

A0B, IIPCAHA3HAYCHHBIX IJIs1 PCIICHUA KPACBLIX 3a4a4 3JICKTPOAWNHAMUKHU, d TAKIKC
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IMaKCTOB IIPUKIIAAHBIX IIPOTrpaMM, UX PCAIINU3YIOIINX. KJ’IaCCI/I(I)I/IKaL[I/ISI YUCJIICHHBIX

MCTOAOB PCHICHUA KPACBLIX 3a1a4 JJICKTPOANHAMHKHA ITPUBCICHA HA PUCYHKC 1.

Uncnensele MeTOOEL PO €HIA

| |
MonoxpoMaTi™eckas BOTHA Bonma c npouzeoneHoit
| EDEMEHHOIT 2aBHCHMOCTERD

Meton wac Tiauenx obaacTeil Onpenenenue nons Bo Beeil MeTton koneunEIx pazHocTeit
obmacti

| | | MeTton HHTErpanEHEIX }'pﬂBHEHHﬁ‘
Meton & vesapm [prma | Henocpeacmentoe
orpeneneHie rmonei
MeTon MHTETpATEHEIX I : !

VpAEHEHIET TOKOE | MeTon KOHEYHEIX PAsHOCTEH l | [IpoerIHMOHHEIE METOOEI |

Meton BcnoMoraTens HeIX Bazuc oTnMyeH ot HYIE BO
HMCTOYHHMEOE Eceit obmacTi

Meton EOHEYHEIX TEMEeHTOB

Pucynok 1 - Knaccudukamus 4uCI€HHBIX METOIOB PEIICHUS
KpaeBbIX 3aJ1a4 JEKTPOAMHAMUKH [6]

AHaJIN3 TaHHOT'O PUCYHKA MOKAa3bIBAET, UTO U3BECTHHIE METOAbI YUCIEHHOTO
pElIeHHs] KPaeBbIX 3aJlad MOXKHO YCJIOBHO DPAa3feiuTh Ha JBa OOJIBIIMX KIacca,
paznuuaromuxcsi popMoi mpeACTaBICHUS BPEMEHHON 3aBUCUMOCTH JJICKTpOMar-
HUTHBIX TMOJI€: METOJbl, MpEJHAa3HAUYCHHBIE JIsl CIydash MOHOXPOMATHUYECKHX
BOJIH Y IS ClIy4as ¢ MPOU3BOJIBHOM BPEMEHHOM 3aBUCHUMOCTBIO. B 1iepBoM ciydae
pelieHre IpOBOIUTCS B MPOCTPAHCTBEHHON 00JIaCTH, BO BTOPOM — BO BPEMEHHOM.
[Ipu pemeHun 3amad BO BPEMEHHON 00JacCTH OOBIYHO MPUMEHSETCS JTUO0 METO.
KOHEYHBIX Pa3HOCTEH ISl HECTAIMOHAPHBIX TMOJIC, OCHOBAaHHBI HA 3aMEHE ypaB-
HeHU MakcBesljia KOHEYHOPA3HOCTHBIMU BBIYUCIUTEIBHBIMU CXeMaMH, MO0 Me-
TOJ HWHTETpaJbHBIX ypaBHEHUMU, Oa3upyrouIuiics Ha CBEJACHUU 3aJayd K HHTE-
rpaJIbHBIM YPaBHEHUSIM C MOCIECAYIOINIUM UX YACICHHBIM PEIICHUEM.

Metonbl, peHa3HAUYCHHBIE 11 PELICHUS] KPA€BbIX 3a/1a4 JIsi MOHOXpOMa-
TUYECKUX TOJIeH, O0Jiee Pa3BUTHI, MOCKOJIbLKY HAa IPAKTUKE TapMOHUYECKUE CUTHA-

JIbl HIKMPOKO IMMPUMCHAIOTCA B CUCTEMAX CBA3U.
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B o6miem ciyyae gaHHbIe METOJBI MOKHO Pa30UTh Ha JIBE TPYIIIIbI: METOBI,
npeaycMaTpuBaloliie pa3OueHrue MpOCTPAaHCTBEHHOM 00JIacTH Ha YacCTHYHBIE 00-
JACTU U OCYIIECTBISIOIINE PELHICHUE B KaXKIOH M3 HUX, U METOJBI ONpEIECICHUE
noJig cpa3y BO Bceil oOnactu. [lepBble W3 MepedyMCICHHBIX METOJIOB MOJTYYUIIU
Ha3BaHUE METOJa YACTHUYHBIX O0JACTEH U MPUMEHSIOTCS JJisi pEeUICHUS BHYTPEH-
HUX 3a/1a4 3JIEKTpoAMHAMUKHU. OCHOBHON OCOOEHHOCTHIO pPEIICHUS SIBISETCS OT-
CyTCTBHE TpeOOBaHUs BBIITOJIHEHHS TPAHUYHBIX YCIIOBUM HAa TpaHUIAX pa3jielia ya-
CTUYHBIX obJsiacTeil. JlaHHbIE pelieHus: HaXOaATCsA C TOYHOCTBIO 0 COBOKYITHOCTH
HEKOTOPBIX MOCTOSIHHBIX, KOTOPBIE HAXOASTCA U3 YCIOBHM YIOBJIETBOPEHHUS Ipa-
HUYHBIX YCJIOBUI HA TpaHUIAX pa3jena cpell (Merona ciuivBanus). B 3aBucumoctu
OT HUCIIOJIb3YEMOI'0 METOJA OIPENEIEHUS JaHHBIX MOCTOSHHBIX, Pa3IMYaAlOTCA U
Pa3HOBUAHOCTH TaKOI'O0 METOJIA.

MeTonbl BTOpOM TpyHIIbl TaKXKE MOTYT OBITH MOJpPA3CiCHbl HA JBE MOJ-
rpynmnsl. B nepByro moArpyniy BbIAEIEHBI METOABI, MPEANONaralouue onpeaee-
HUE CaMMX 3JIEKTPOMArHUTHBIX IMOJIEH B TaHHOU oOsnactu. Bo BTOpyo moArpymnmsl
OTHOCSTCSI METOJbl, B MEPBYK OUYEpElb, MPEAIOJIATAIONINE CBEACHUE 3aJaud K
HaXO0XJICHUIO paclpeleNIEHUs] HEKOTOPO COBOKYITHOCTH MCTOYHUKOB, IOJIE KaX-
JIOTO U3 KOTOPBIX YIOBIETBOpSAET ypaBHEeHHIO I'enbmronbua. Pacnpenenenue ta-
KUX UCTOYHUKOB HILIETCS M3 YCJIOBHS BBIMIOJHEHMS] TPAaHUYHBIX yciaoBuil. McTou-
HUKHU IIPU 3TOM MOTYT PacloJiaratbCsi Ha HEKOTOPOM MOBEPXHOCTU WA KOHTYpE.
JIOCTOMHCTBOM TaKOTO MOJAXOJA SBIISIETCS YMEHBUIEHUE YKCIIA HEU3BECTHBIX, a,
CJIE0BATENBHO, U COKPAILIEHUE BBIYMCIUTENBHBIX 3aTPAT.

Ecnu B kauecTBe HEM3BECTHON (DYHKIIMM IIPH ONMKMCHIBAEMOM MOJX0JI€ BHIOU-
paeTcst pacnpelercHUue IUIOTHOCTH TOKOB, 3a7ad4a CBOJIUTCS K UHMeZPaibHbIM
ypaenenuam ¢ 0COOCHHOCTSMHM B MOJABIHTETpabHbIX (QYHKIMSIX. B kauecTBe He-
M3BECTHBIX MOXKHO TaKX€ HCIOJIb30BaTh 6CHOMOZamenbHble UCIMOYHUKU, BBIOOD
KOTOPBIX MOXET OBITh pa3auyHbIM. JlaHHBIE MCTOUYHMKU MOTYT pacrojiaraThCsi B

MMPOCTPAHCTBC WJIN 110 KOHTYPY TCJIa HCIIPCPBIBHBIM UJIN JUCKPCTHBIM 06p330M.
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OCHOBHBIMH Pa3HOBUJHOCTSAMH OIpPEECICHUS HEMOCPEICTBEHHO TMOJNe B
paccMaTpuBaeMon 00JIaCTH SIBISIETCS MEMOO KOHEYHbIX PA3HOCHell, OCHOBAaHHBIN
Ha 3aMeHe AuQQepeHLraIbHbIX ONEPaTOPOB PA3HOCTHBIMHU, U HPOEKUUOHHbBLE
memoOwt onpeneneHus nouei. I[IpoeknoHHbIe METOIBI — 3TO METOJIbl HaXO0]le-
HUS IPUOIIMKEHHOTO PEIIEHUSI HEKOTOPOT'0 ONEPaTOPHOTO YPaBHEHUS B 3aJJaHHOM
MOJANPOCTPAHCTBE, OCHOBAHHBIE HA MPOCKTUPOBAHUM YpaBHEHUS HA APYroe mMoj-
IPOCTPAHCTBO.

[Ipy uCcHONB30BAaHMM JAHHBIX METOJOB 3ajauda (HOpMyIuUpyeTcs B BHUC
byHKUKMOHANBHOTO (U] PepeHIINaIBHOTO WM UHTETPAIbHOT0) oneparopa F, o0-
JacTh ONPEENIEHUsI KOTOPOIo JIEKUT B MPOCTPAHCTBE X, a 00JIaCTh 3HAUEHUN — B
IIPOCTPaHCTBE Y-

F(x)=u. (1)

JUis peleHusl NaHHOTO YpaBHEHUs HUCHOJIb3yeM memoo Ianepkuna wnu

Memoo MOMEHmMOE. B COOTBETCTBUM C HUM BBIOEPEM JIBE JIMHEHHO-HE3aBUCUMBIX

cucteMbl: u3 X (KOOpAMHATHOW CHCTEMBI) BHAA {Q;}|] , HA3BIBAEMYIO CHCTEMOIl

GasucHbIX GyHKIHM, U U3 Y* Buma {y,}|; , Ha3bIBAEMYIO CHCTEMOM MPOOHBIX HITH

TecToBbIX GyHKIUH. [IpocTpancTBO Y* sBIsIeTCS] CONPSKEHHBIM MPOCTPAHCTBY Y.
CrnemyeT OTMETUTh, YTO MPU COBMAJACHUU 0A3UCHBIX U TECTOBBIX (DYHKIIMHU METOJI
Ha3bIBaeTcsi MeTo10M Bybonoesa-I' anepxuna.

C wucnonp30BaHUEM BBEJEHHBIX O0O03HAYCHHHN MNPUOIUIKEHHOE pEIICHUE
ypaBHeHus (1) MOXKHO 3amucaTh B BUJIC PA3JI0KECHHS B Psijl 10 0a3UCHBIM (PYHKIIU-

AM:
N

AN = Zai(Pi ) (2)
i=1

rac a; - HCU3BCCTHBIC KOC—)(i)(i)I/ILII/ICHTBI Pa3JI0KCHHUA, OIIPCACIIICMBIC U3 PCIICHUA

CUCTEMBI YPaBHEHU:
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N
F Zai(pi DW] :<u9\|jj>9 j:1929---9N' (3)
i=l1

Ecnu onepatopa F u3 (1) sBisercs TMHEHHBIM, YTO B 3aJlayax 3JEKTPOIH-
HAaMUKH 4acTo BCTpeuyaercs, To ypaBHeHue (1) ynporiaercs K BUay:
Lx=u. (4)
HeusBecTHble QYyHKIMU ¢ B 3TOM CiIy4ae HaXOJSATCSA U3 PEIICHUS] CUCTEMbI
nuHenHbIX anredpandeckux ypaBuenuit (CJIAY) Buga:
N
> (Lo )=y ), j=12,...N. (5
i=1
C nmpakTHYEeCKOW TOYKH 3PEHUS U1l HAXOKICHHUS YHCIEHHOTO PEIICHUS C
MCIIOJIb30BaHUEM IIPOEKIIMOHHOIO METO/a TpedyeTcs:

- BeraucuTh Kodhduumentsr (L, v ;) CIAY, T.e. onpexenurs cOOTHO-

HIEHUS], X OMHUCHIBAIONINE (TeOpeTHYECcKas 4acTh);
- peuTh noiydeHnyto CJIAY (uucnenHas 4yacts).

[IpuBeeHHBIE BBIIIE COOTHOIICHHS OMUCHIBAIOT CXEMY METOJa MOMEHTOB.
HecnoxHo 3aMeTUTh, YTO NP MCIOIB30BAHUM JAHHOTO METOJIa BO3HHUKAIOT He-
CKOJIBKO ITPOOJIEMHBIX BOIIPOCOB:

- ompejiesieHre BbIOOpa BECOBBIX U TPOOHBIX (DYHKIIHIA;

- OIPEJIEIIEHNE BEPXHET0 Npeiea CyMMUpOBaHus N ;

- OLIEHKa YCTOMYMBOCTH MOJy4aeMOI0 pelIeHus, T.€. Kak CUJIbHO U3MEHUTCS
pelIeHre npy HeOOIbIIUX U3MEHEHUAX apTyMEHTOB.

ITpu pemieHun nepBOro BONpoca UCIOJIb3YIOTCA Ba MOIX0Aa:

- UHAUBUIYaJbHBIN, IPU KOTOPOM Oa3uCHbIE PYHKIIUU MAKCUMAIBHO MOXO0-
KU Ha TOYHOE PEIICHHUE;

- YHUBEpCAJIbHBIN, IPU KOTOPOM Oa3uCHbIE GYHKIIMU MOTYT UCIIOJIb30BAThHCS
JUTSL pa3JInYHBIX 3a/7a4.

JIOCTOMHCTBO MEPBOT0 MOAXOJA: MOJydYeHHE Hauboyiee TOYHOrO PELIEHUs.

Henocratok — moucKk Juisi KaXAOW KOHKPETHOM CTPYKTYpbl CBOMX Oa3HCHBIX
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¢byukuui. Ilouck saBisieTcss HepopMaIM3yeMbIM MPOLIECCOM, KOTOPBIM CIOKHO
MPEBPATUTH B KOMIIBIOTEPHYIO MIPOTpamMmy.

JIOCTOMHCTBO BTOPOro MOJX0Ja: YHHUBepcalbHOCTh. HenocTtarok: monyyvae-
Mas anmnpoKCUMHPYIOas PyHKIUS MOKET SIBISATHCS pa3pblBHOM. B anexkTpoauna-
MUKE JaHHOE OOCTOATENbCTBO B psANE CIydYaeB SIBISETCS HEMPUEMIIEMBIM, I10-
CKOJIBKY pa3pbIBHbIE ()YHKIMU MOTYT MOPOXKAATh CUHTYJSpHBIE MOJs, HE OTBEYa-
olue (pU3NIEeCKO peasbHOCTH.

B 06oux ciydasx Ha BbIOOp 0a3uCHON (YHKIMHU OOJBIIOE BIUSAHUE OKAa3bl-
BaeT anpuopHas uHPOpMalMs O CBOWCTBAX pelleHus. B kauecTBe anpHOpHOM MH-
dbopman 0 BUJE pEUICHUS! HCHOJIb3YIOTCS TPaHUYHBIE YCJIOBHS Ha OTpE3Ke Cy-
mecTBoBaHus pyHkiuu [a,b]:

lu=ou(a)+B,(a)=a,

lu=a,u(a)+p,(a)=0,

rae o, f3,, o, B -3anaHHbIe YMCIa, IPUUEM ocl.2 +[3l.2 >0, (i=0,1).

(6)

KpaeBbie ycinoBus B 001eM ciiydae 3a/1al0T JIMHEHHYIO CBS3h MEXKIY 3Haue-
HUSMH MCKOMOTO PEIICHUS M ero IMPOU3BOJAHOW Ha KOHIIAX OTpe3ka [a, b] B OT-
JeNBHOCTH. PaccMaTpuBarOT Tpu BapraHTa KPAeBhIX YCIOBHIA:

- ycioBue nepsoro poxpa: o, =1, B, =0, T.e. Ha COOTBETCTBYIOLIEM KOHIIE
OTpe3Ka 3aJIlaH0 3HAUYE€HUE MCKOMOTO PEIICHUS;

- ycioBue Broporo poja: o, =0, 3, =1, T.e. Ha KOHIIaX OTpe3Ka 3a/laHbl 3Ha-
YCHUS TIPOU3BOIHOMN peIICHUS;

- yclI0BHE TpeThero poja (oomuii ciyuain): o, =0, B, #0. Kpaessle ycaoBus
CUUTAIOTCSI OTHOPOAHBIMH, eciil oL = =0.

o N
C YUYCTOM KPACBLIX YCJIIOBHUHU HpI/I6HI/I)KeHHOC peuIiCHUC ©# 3aJa4M 3allMChbIBa-

C€TCA B BUIC

u® (x) = P, (x) + Zak(pk (%), (7

18



rae GyHKIUS ¢, AOJDKHA YIOBIETBOPATh I'PAHUYHBIM YCIOBUSM, T.€. [,Q, =0
Lo, =B; a ocrambHble (PYHKLIUU JOJDKHBI yJOBJIETBOPSTH OJHOPOIHBIM I'DaHHUY-
HBIM ycnoBusm, 1.e. [0, =0; o, =0 (k=1,2,...N).

Ji1st BBIOOpa BEepXHEH I'paHUIIBI CYMMUPOBaHUs N Ha MPaKTHKE MPUMCHSECT-

Ci IIOHATHUEC HEBA3KU S(X) ) OHpCI[CJISICMOﬁ COOTHOIICHHUCM

e(x)=Lu" - f(x). (8)
[Tocne BeIOOpa 6a3uCHBIX (PYHKIUI JaHHOE COOTHOUIEHUE IPUHUMAET BU:
e= (Lo~ f)- )

Paznuune pasHOBUIHOCTEM MeTOJa MOMEHTOB 3aKJIIOYAaeTCsl B BBIOOpPE
MPOOHBIX PYHKIUN U YCITOBUHM, HAKJIAbIBAEMbIX Ha BEIUUMHY HEBSI3KHU IMPH IMOIY-
YEHUH CUCTEMbI JTMHEHHBIX anre0pandyeckux ypaBHEHUM:

- metoj byonosa-I"anepkuna (unu npocto meron ["anepkuna), BUJ MpoOHBIX
GyHKUMNA COBMAAeT C BUAOM O0a3MCHBIX (DYHKIIMI; B Kaue€CTBE JOMOJHUTEIHHOTO
yCIIOBUSL BBIJIBUTAIOT TPeOOBAaHME OPTOrOHATLHOCTH HEBSA3KU Oa3UMCHBIM (PYHKIIU-

SAM

b
Js(x;al,az,...,aN)(pk(x)dx =0; k=1,2,...,N, (10)

a
- MCTOJ HAMMCHBIIHNX KBaApaTOB, KOT'Ja B Ka4YCCTBC HOIIOJIHHUTCIBHOI'O

YCIIOBUA UCITIOJIB3YIOT Tpe6OBaHI/Ie MUHHMMAaJIbHOM BEJIUYUHBI KBaJapaTa HCBA3KHU

b
Jsz(x;al,az,...,aN)dx:O; (11)

a

- METOJi KOJUIOKAIIMM, B KOTOPOM B KayecTBE MPOOHBIX (PYHKIUN HCHOIB3Y-
I0TCA J1eNbTa-(QyHKIMH, YTO MPUBOAUT K TOMY, YTO B psifie (PUKCUPOBAHHBIX TOUEK
U3 WHTEepBaia [a,b] HeBsi3ka MPUPABHUBACTCS HYJIO (BBITOJHEHHE TPAHUYHBIX

YCIIOBUH B psifie AMCKPETHBIX TOYEK HA HEKOTOPON MOBEPXHOCTH):

e(x,,a,,a,,...,a,)=0. (12)
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Takum oOpa3oM, METOA KOJUIOKALMU SBISAETCA AHAJIUTHUYECKUM IpUOIIU-
’KEHHBIM METOJOM DPEIICHMs KPaeBOW 3a/laud, IIPU KOTOPOM pEILIEHUE Pa3bICKUBA-
€TCsl B BUJE JUHEMHON KOMOMHAIMU W3 JUMHEHHO HE3aBUCUMBIX (YHKUMH BUJA,
KOTOpasl YAOBJIETBOPSIET I'PAHUYHBIM YCIOBUSIM.

OneHka kauecTBa METOJA, BBINOJHEHHAs IIyTEM BBIYMCIICHMS CPEIHEKBAJI-
PaTUYHOIO OTKJIOHEHHUS Ha OTPE3KE PEUICHUs, NOJYy4EHHOIO0 METOJOM KOJUIOKA-
LMY, OT TOYHOT'O PELICHHUS, IT0Ka3ana:

- KaueCTBO NPUOIMKEHHOTO PEIICHUs MOBBIIIACTCS MIPU YBEIMUEHUU KOJIU-
4eCTBAa TOYEK KOJUIOKALUH;

- 751 OBICTPO OCHWIIMPYIOIIMX PEIICHUN MOTPEIIHOCTh PELIEHUS 3aBUCHUT
HE TOJBKO OT KOJMYECTBA TOUEK KOJUIOKALMHM, HO M OT crocoba MX BbIOOpA.
MeHb1asi MOTPENIHOCTD MOJIY4YaeTCs, €CJIU TOYKH KOJUIOKALMM IONANar0T Ha Me-
CTa, COOTBETCTBYIOIME TyYHOCTAM KOJ€0aTENbHOIO IIPOLECCa;

- OJHOPOAHOCTH MJIM HEOAHOPOJHOCTb I'DAHMYHBIX YCJIOBHHI IPAKTUYECKU
HE BIIMAET Ha KAYECTBO PELICHUN;

- B TOYKaX KOJUIOKAI[MU NMPUOIMKEHHBIE U TOYHBIE PELIEHUS pa3indaroTcs,
X0Tsl AU PepeHnanbHOe ypaBHEHUE YAOBIETBOPSAETCS B HUX TOUHO.

Haubonee npoctbiMu ciyyasiMu BbIOOpa 0a3UCHBIX (PYHKIIMM B METOJIE KOJI-
JIOKALIUU SIBISIETCS] IPUMEHEHHE KYCOUHO-IIOCTOSHHBIX (YHKIUH (IIOJIMHOMOB HY-
JIEBOTO MOPAJIKA):

I, teA,
(P_,'(T) = 0

b

13
HEA_I.. (13)

HpI/I rJIaKou IreoOMCTPHUH KOHTYpa IMOBCPXHOCTH TCJId OOBIYHO MMPpUMCHACTCA
PaBHOMCPHAA CCTKa KOJUIOKAIIMHU C PAa3MCHICHHUCM TOUYCK B CCPCAMHAX OTPC3KOB

pasbuenus. OnTUMaibHbIA pasMep OTPE3KOB pasOueHust A ; COCTAaBIACT BETNIUHY

nopsiaka 0.05...0.1 1yMHBI BOJTHBI.

20



B pesynbrate HamoXEeHHs IOTOTHUTEIBHBIX YCIOBHU cooTHomeHue (13)
CBOJIUTCS K CHCTEME JIMHEHHBIX allreOpanvecKiuX ypaBHEHUI, Ha3bIBAEMbIX HPOEK-
YUOHHOIL MOOenbl0 PU3NUECKON CUCTEMBI.

Kak otmedanoch paHee, TpETbUM BOMPOCOM, BO3HHUKAIOIIUM PEIICHUS CH-
CTEMBI JIMHEHHBIX anreOpandecKux ypaBHEHHH, K KOTOPBIM CBOJUTCS KpaeBas 3a-
Jada, sIBISIETCS OIIEHKAa YCTOMYHMBOCTH MOTYYaeMOro petieHus (Kak CHIbHO U3Me-
HUTCSI pelieHNe TPy HEOOJBIINX W3MEHEHUAX apryMeHTOB). J[aHHOe TOHATHE HE
CTOJNBKO CBsI3aHO ¢ BbIOOpoM umcieHHoro pemeHus CJIAY, ckonbko ¢ dopmoii
MPEJICTABICHUS PEIICHUSI.

[TockonbKy 3apaHee 4acTo ObIBa€T HEBO3MOXHO CKa3aTh, HACKOJIBKO pellie-
HUE YCTOWYUBO K HEOONBITUM U3MEHEHUSM UCXOIHBIX JaHHBIX, TO JJIS OTUX Ieeh
UCTIONB3YETCsl TOHSATHE MATPUYHON anreOpbl, Ha3bIBaEMOE 00)YC/108/1€HHOCHIbIO
mampuypl. Ilox uncno o0ycnoBIEHHOCTH

v =cond(4)

MOHUMAETCS BETUYHMHA, XapaKTepU3yIOIIasi MaKCUMaIbHO BO3MOYKHOE YBEIHMYCHHE
OLITMOKM pEelIeHHs 110 CPABHEHUIO C OMIMOKON 3amaHus paBoil yactu. Kpome Toro,
OH TakuM >X€ 00pa3oM CBS3bIBACT pEUICHHE C M3MEHEHHSIMH B KO3 QUImeHTax
CJIAY ¥ ¢ MOTrpenrHoCTsIMU BBIYHCIUTENBHOTO Tpoliecca. MUHUMAaNBHOE 3HaUe-
HUE Yncia 00yCIOBICHHOCTH PaBHO | M COOTBETCTBYET eAMHUYHOM Matpuile. [lpu
pEIIeHNU KpaeBbIX 3a/Ja4 AJICKTPOAMHAMHUKH OOBIYHO TMOJIATAal0T, YTO YHCIO O0Y-
CIIOBJICHHOCTH JO/DKHO ObITh MeHbIie 80. IIpu mpeBbimieHun NaHHOW BETHMYHHBI
HEOOXOAMMO MPUHUMATHh MEPHI TI0 €r0 CHIDKEHHUIO 33 CUET MPOBEACHHS TCOPETH-
YEeCKUX MpeoOpa3oBaHUil.

CrnemyeT OTMETUTH TaKXKE, YTO MOJy4aeMOe C UCIOIb30BaHUEM MPOSKIIHOH-
HBIX METOJIOB PEIICHHE HAaXOJIUTCS C OINpeneleHHON omuOKoi. [Iist oneHkn naH-

HOH MOTPCIIHOCTU UCIIOJB3YIOTCA BEKTOPD OIIIMOKHU H BCKTOP HCBA3KMU.
HOII 86EKmopom OWUOKU e TIOHUMAaeTCs PasHOCTb TOYHOI'O U BBIYUCJIICHHO-

ro u* BEKTOPOB PEIICHHIA:
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e=u—u*. (14)
[Tox BEKTOPOM HEBSI3KH # IIOHUMAETCSI BEKTOP HECOOTBETCTBHS MEXKTY Ipa-
BBIMU U JICBBIMH YaCTSIMH YpaBHEHUS (4) mociie MoICTAaHOBKY B JaHHOE YpaBHEHHUE

HaﬁHCHHOFO peI_HeHI/ISI:
r=f—Au. (15)
MC)KI[y BCKTOpOM HCBA3KHU U BCKTOpOM OIIII/I6KI/I CYHICCTByeT CBi3b.
= Ade. (16)
I/ICHOJIBSYCMBIC Ha HpaKTI/IKe METOAbI YHUCIICHHOTO pCIHCHI/IH CHAY AT

OOBIYHO MaJIYIO HCBA3KY, OOAHAKO 3TO HC 0053aTEIIBbHO O3Ha49acT, 4YTO BCKTOP

OImMOKHU TaKkkKe OyaeT Mal.

2.2 UHTerpajbHble ypaBHCHUS BHEIIHUX 32124 JIEKTPOAUHAMHUKH

WuTerpanbHble ypaBHEHUS — 3TO (DYHKIIMOHAJIbHBIE YPAaBHEHUS, B KOTOPBIX
HEu3BeCTHas (PYHKIUS BXOJUT MO 3HAK MHTerpana. MHTerpaispbHOe ypaBHEHUE
Ha3bIBAETCA JTUHEHUHBIM, €CJIM HEU3BECTHAsA (PYHKIUS BXOJUT B HETo JuHeHo. [Ipu
pELICHUH KPaeBBbIX 3aJlay 3JIEKTPOJAMHAMUKHM HauOoJiee 4acTO MPUMEHSIOTCS Tak

Ha3bIBACMbIC MHTCTPAJIBHBIC YPABHCHUS CDpeJ:[ronbMa, HMCIOIINEC BU/:

b
[fOKE D =u() (17a)
nu
b
fO+L] fOK(EDdr=u(?). (176)

[lepBoe ypaBHEHHE Ha3bIBAETCS MHTETPaJbHBIM YpaBHEHHEM 1-ro poja, a
BTOpOE - 2-TO poja.

Cymb memooa unmezpaibHuIX YPA6HEeHUN 3aKITI0YAETCS B CICAYIOIIEM:

1) WUccnenoBaHue moJisi B HEOJHOPOJTHON Cpele CBOJAT K pacyeTy ero B

OJIHOPOJIHOM cpee.
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2) BnusHue Ha mojie HEOJAHOPOIHOCTEH (IUAIEKTPUUECKUX, TPOBOJSAIIUX U
MAarHUTHBIX TE€J) YYMUTHIBAIOT BBEJCHHEM B II0Ji€ BTOPUYHBIX HCTOYHUKOB —
3apsi10B IOJISIPU3ALIMI, TOKOB HAMAarHUYEHHOCTH HAaBEICHHBIX BUXPEBBIX TOKOB U
Ap., paclpelelIeHHbIX Ha TpaHULaX (B 00bEME) HEOJTHOPOIHOCTEM.

3) IlepBoHauanbHO ONpPEACNAIOT WHTETPAIbHBIE YpPAaBHEHUS, KOTOpbIE
JOJKHBI COOTBETCTBOBATH PACHPENACICHUI0 BTOPUYHBIX MCTOYHMKOB, 4 3aTE€M IIO
YPAaBHEHUSM I10JIs1 C YYETOM 3aJaHHBIX U BTOPUYHBIX UCTOYHUKOB PELIAIOT 3a7a4y
aHaau3a MoJsl.

4) YucrieHHOE pellieHrne HHTErpaJbHOro ypaBHeHust DBM.

bonee moapoOHO cocTaBieHME MHTETPAJIBHOTO YPABHEHMSI PACCMOTPUM Ha
npuMepe TUQPPaKkIuu JIEeKTPOMArHUTHOM BOJIHBI Ha UACAIBHO MPOBOJSIIEM TeEJe
CIIO)KHON (opMbl. VYpaBHEHHE OyAE€M COCTaBIATb HCXOAS U3 CIEAYIOIUX

COO6p3)KCHPII>i. HpeJIHOJIO)KI/IM, 4TO H3BCCTHO PACHpPCACICHUC IINIOTHOCTHU TOKaA

—3(M).CT.
J ) B036Y)KI[36MOFO CTOPOHHHUM HMCTOYHHUKOM Ha IMOBCPXHOCTHU TCJIA. B »Tom

ClIydac MOKHO BbIYUCIIUTDb BCKTOpHBIﬁ SHCKTpOIII/IHaMI/I‘{eCKI/Iﬁ IIOTCHIIMAJI

—3(M) —3(M).cT.

4 (p=[i (@G(p.g)dv,. (18)

14
Ha ocHoBanuu JAaHHOI'O IMOTCHINAJIa C YUYCTOM COOTHOI.HCHI/IIZ, CBA3BIBAKOIINX BCK-
TOPHBIC JJICKTPOAUHAMHUYCCKUC C BCKTOPAMH JJICKTPHUYCCKOTO U MATHUTHOTO IIO-
Jed, MOXKHO HalTh TOKH. J[00aBisis K MOJIYYEHHOMY TOJIO MEPBUYHOE IMOJE U
NpUMCHSSA TPAHUYHBIC YCJIOBHA HA ITOBCPXHOCTU TCJ, IMOJYYACM HHTCIPAJIBHOC
YPAaBHCHHUC OTHOCHUTCIIbHO INIOTHOCTHU TOKA HAa MOBCPXHOCTH TECJIA.
B 3aBucumoctu ot MNPUMCHCHHOTO TPAHUYHOI'O YCJIOBUA IIOJIYHAIOTCA

HUHTCIPAJIBHBIC YPABHCHUA PA3TNYHOT'O HAITUCAHUA U C PA3JIMYHBIMU CBOMCTBaMHM.

EctecTBeHHBIMU I'paHUYHBIMHA YCJIOBUWAMU I HUACAIIBHOTO ITPOBOJHHKA

SIBJIICTCSI PABEHCTBO HYJIIO TTOJIS BHYTpH Hero. Halimem, Hanpumep, moste H ¢ mo-
MoOIIpI0 cooTHOMIeHUs (18) u mpeacTaBieHuss BTOPOro ypaBHeHuss MakcBesia ue-

PE3 ICKTPOANHAMUYCCKUC ITIOTCHIIUAJIBI B BUJIC
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—_—

5 M M gl
H=-ing, 4 + graddiv4 +rotA4 . (19)

IoOW,

B pesynprare nonyunm:
-0 —,»nepB —.>'3 —,»nepB —.>'3
() =1 (9)+[rof 76 Yo =" ()~ [} (@.erad Gldo. 20)
> >

[IpupaBHsiem ero BHyTpH Tell (MCKItouas rpaHuily). Toraa noaydyuM HHTErpajibHOE

ypaBHEHUE:

—>IICPB

[/ (@).eradGldv, =H " (p). 1)
)y

B KOTOPOM TOYKAa MHTETPUPOBAHUS ¢ MPOOETaeT MOBEPXHOCTh X, a TOUKa HaOJIro-

ACHUSA p — o6aacTh V — BHYTPH TCJId, KdK IIOKa3aHO Ha PUCYHKC 2.

Pucynok 2 — I'eomeTpus KOHTypa Teina

Takoe wuHTErpaibHOE YypaBHEHHE HEYJO0OHO Kak JUIsl aHAJIUTHYECKUX
WCCIICIOBAHUM, TaKk W JUISI CO3[IaHUS YUCJIEHHBIX METOJIOB, MOCKOJBKY TOYKH
WHTETPUPOBAHUS U HAOJIONCHUS HUMEIOT CYIIECTBEHHO pa3ju4yHbie 00JacTu
M3MEHEHHUA. JTO CHIbHO 3aTPYJHSET aHalu3 M HE TMO3BOJAET IPUMEHUTH
MIPEKpacHo pa3pabOTaHHYIO OOIYIO0 TEOPHUIO UHTETPATbHBIX YPaBHEHHI.

OpHako COBEpIIEHHO HEOoOs3aTeNIbHO NMPUPABHUBATH IOJIE HYJIO BO BCEH
obnmactu V. JlocTaTOYHO MPUPaABHATH IOJi€ B HEKOTOpod yactu V' oObema V.

I/I?)BCCTHO, 4TO pPCHICHUC OIHOPOIHOT'O0 BOJHOBOI'O YPABHCHUS, KAK H BCAKOI'O
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AIUTUNITUYECKOTO MU PepeHnanbHOoro ypaBHeHus, (GyHKINUS aHAJIUTUYECKas, T.€.

BOMM3M JIOOOW TOYKM 0OJIaCTM MOXKET OBITh pasjiokeHa B psa Teinopa ¢

HEHYJIEBBIM paanycoMm cxoaumoctu. [loine H B obmactu V yIIOBJIETBOPSIET
OJIHOPOJTHOMY YPaBHEHUIO U, CJIEIOBATEIbHO, €CJIM €r0 MPUPABHATH HYJIIO B YaCTH
o0veMa V’, To OHO OyAeT paBHO HYJIO BCIOJy B 00JaCTH aHAIUTUYHOCTH, T.€. BO
BceM oObeMe V BIIIOTh 0 TpaHulbl. MOXHO ele Cy3uTh 00JacTh M3MEHEHHS
TOYKM p W TMOTPeOOBATh pPABEHCTBA HYJII0 TAHTCHIMAJIBHON COCTaBISIOIIEH
MarHUTHOTO TOJII Ha TMOBEPXHOCTH X', Ookpykaromied oobeM V. C MOMOIIBIO
TeopeMbl [IoMHTHHIa MOKHO MOKa3aTh, YTO U3 PABEHCTBA HYJIO TaHT€HIMAIbHOU
COCTABJISIOIICH MAarHUTHOTO TIOJISI HAa MOBEPXHOCTH X' CIIEAyeT PaBEHCTBO HYIIIO
noJyigs B o0beMe V', ecnu OH He pe3oHaHCHBIN. M3 paBeHCTBa HYJIO MOJS BHYTPHU

oOnacTu V' BHOBb clie[lyeT paBeHCTBO HYJIIO BHYTpU oO0bema V.

—_—

TanrenuuanbHas cocraBisiomas Bekropa H  oOpasyercss  myTem

—

YMHOXKEHHSI €r0 Ha BEKTOP BHEIIHEH HOpMaiu 7, K moBepxHoctd 2'. Torma

MMECM ypaBHCHHUE:
. —9 —  —IepB

[[np.[j" (@).gradGlldo =[n,,H ~ (p)l, peX,qeZ, (22)

z
y KOTOPOT0 TOYKH p U g TpoOeraroT 00J1acTi 0JuHAKOBOU pasmepHocTu. [loBepx-
HOCTB Z' N TITOBCPXHOCTH TCJIA Z MOT'yT 6BITB COBMCIIICHBI. HpI/I 9TOM COBMCIIC-
HHUHU CICAYCT YUYCCTh, YHTO MArHUTHOC IIOJIC HA 3JICKTPHUYICCKOM TOKC, KOTOpBIfI TC-
4CT IO MOBCPXHOCTHU TCJId, UMCCT PA3PbIB IICPBOTO poaa. 9T0T Pa3pbIB YUUTHIBACT-
Cs BBCACHUCM JOIOJHUTCIBHOTO CJIaracMoro, 1 UHTCIrpaJibHOC YPAaBHCHHC HpI/IO6-

peraeTr BUA:
=P - -2 - > hepB
J (P +2[[np.lJ" (q).gradGlldo =2[np, H ~ (p)], peZ,qeX. (23)
z

Takum 06pa30M, OTPpaHUYICHUC 007aCTH M3MCHEHHS TOYKHU P YHOPOCTUIIO
HHTCIPAJIBHOC YPABHCHUC, OAHAKO 3a CUHCT 3TOTO Y YPABHCHUA ITOABUIINCH ocoObIe

TOYKH, HC COOTBCTCTBYIOIIHC (1)I/ISI/I‘ICCKOMy CMBICITY 3a1a4du. Ha qacToTax, AJiAd
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KOTOpPBIX 00JacTh V° nis ypaBHeHus (22) winu ob6nactes V nis ypaBHenus (23) pe-
30HAHCHBI, UHTETPAJIbHbIC YPAaBHEHUS UMEIOT HE €IMHCTBEHHBIC PEIICHUS.
WNuterpanpHoe ypaBHeHHe (23) sIBISETCS HWHTETPAIbHBIM YpaBHEHHEM
®pearoiabmMa BTOPOro poja, XOPOIIO MU3YYEHHBIM B KJIACCUYECKOW TEOPUU HHTE-
IpaJIbHBIX ypaBHEHUM. MHTerpanbHbie ypaBHeHUs Tuma (22) OTHOCATCA K WHTE-

rpaJIbHBIM ypaBHeHUSAM PpearosibmMa nepBOro poaa.

Jleknus 3. Oco0eHHOCTH IJIEKTPOANHAMHMYECKOr0 MOJACJIMPOBAHUS AHTCHH
NP UCTOJIb30BAHUN METAMATEPUAJIOB

3.1 AHau3 BO3MOKHOCTEH YNIPABJICHHUS XapPaKTePUCTUKAMHU AHTCHH
€ MOMOUIbIO JJIEKTPUYECKHUX CBOMCTB NMOKPbITHH

Boimonnum Oosiee moApoOHBIA aHAIM3 AAHHOTO Crocoba ympaBieHHs Ha
puMepe XapaKTePUCTUKN HAMPABICHHOCTU M XapaKTEPHUCTHUK COTJIACOBAHMUSI dJie-
MEHTapHOTr0 3JIEKTPUUYECKOro BUOpaTtopa UIMHON ¢, PacOIO0KEHHOTO HaJl II0C-

KOCTBIO Ha BeICOTE H. FCOMeTpI/ISI 3a/1a49M MMPUBCIACHA HA PUCYHKC 1.

J_.’!
ﬂM
7 0 ‘\ 4
5 q/ﬂiH
e

Pucynoxk 1 —I'eomerpus 3agaun

Br160p anemenTapHOro BUOparopa 00yciaoBIEH TEM, YTO BO30YXIaeMOE UM
noJie sIBJs€TCA HauOoyiee WM3YUYEHHBIM, YTO TOATBEP)KIAETCS OOJBIIMM YHUCIOM
nyOJuKaluii Mo JaHHOU TeMe.

C yd4eToM HM3BECTHOM TEOpPUHM AMArpaMma HaIpaBJICHHOCTH 3JEMEHTapHBIX
AIEKTPUYECKUX BUOPATOPOB ONPEIETAETCS COOTHOIICHUSIMMU:

- ISl TOPU30HTAIBHOIO 3JIEKTPUUECKOro BUOpaTopa:
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cos(kl cos@pcosf) — coskl y

Fy(0,0)=
08:0) 1-cos* pcos® 6
2
xcos¢sin0\/1+‘R ‘ +2‘R ‘cos(CD —2kHsin0)exp(iv ), (1)
cos(klcosgpcosf) —coskl
F, (0,¢) = S0 c0300s0) ~ COSKL
1 —cos” @cos” 0
X singo\/l + ‘RL‘Z + 2‘RL‘COS(CDL —2kH sin Q) exp(iv ), (2)

- ISl BEPTUKAIBHOTO 3JIEKTPUYECKOT0 BUOpaTopa:

cos(klsin@) — coskl
cos6

2
F,(60,9)= \/1+‘R‘ +2‘R ‘cos(CD 2kHsinG), (3)

‘R ‘sin(ZkHsinO D))

(4)

rue v, =arctg R
| 1- ‘R ‘cos(ZkH sin@ — CDH )

‘RL‘sin(CI)L —2kH sin 0)
1—‘RL‘COS(CDL —2kHsin6)’

)

v, =arctg

k =2m /2 - BOTHOBOE YHCJIO CBOOOHOTO IPOCTPAHCTBRA;
RH = ‘R ‘exp(i(l) ), R = ‘R L‘exp(z’CI) | ) - KOMIIJIEKCHbIE KO3(()ULNEHTHI

OTpaKeHHs IJIsl NapaJyieIbHOW W MEepPIeHIUKYJISIPHOM MOoNsipU3aluil majaaroei
BOJIHBI;

OTCYeT YIJioB @, ¢ moKa3aH Ha puUCyHKe 1.

Kosddunment ycunenus anteHusl G MOXKeT ObITh HAalJEH C MCIOJIb30Ba-
HUEM W3BECTHOTO BBIpaKEHUS, CBA3BIBAIOLIEIO MEXIy co00M Kod3(ppuuueHt

HaIIPaBJICHHOI'O HeﬁCTBHH u KOS(i)(i)I/II_II/ICHT IIOJIC3HOI'O HeﬁCTBHH 1 aHTCHHBI:

G=Dn, (6)

rae nzl—‘rz; (7a)
2

D= /2 2x > (76)

[ [(F@.0f +|F,©0.0) )sin0dodp
0 O
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rae [T - KoMIuteKCHBIA KO PHUITUEHT OTpaKECHUS B JTMHUH, CBA3BIBAIOIIHIA H3ITY-
qyaTenb U Gpuaep.
CornacoBaHue aHTEHHBI C (UAEPOM PACCUUTHIBACTCS MCXOMs M3 obecreue-

HUSI MUHMMAJIBHOIO 3HadyeHus Kodd¢uuueHta orpaxkeHus (S);) B ¢duaepHom
TPAKTEe C CONPOTHBIICHUEM Z f, BBIYUCIACMBIM 110 hOpMyJIE:

S =201g|T]. (8)
KommiekcHbiit k03¢ UIMEeHT oTpakeHusl B JIMHUU [ CBsI3aH ¢ BXOJIHBIM COIIPO-

TUBJICHUCM HU3JIY4YaTCIIA Zin " COIMMPOTHUBIICHUCM @Hnepa Zf COOTHOIICHHUECM :

1

Z'I’l _Zf

r= ©)

BxonHoe conpoTuBieHue BUOpaTopa MOKET ObITh HAWJIEHO Ha OCHOBE (hOPMYJIbI:

Z., =27, +exp(iCD§)le, (10)

rae § =1,

- MOJIApHU3anus HaﬂaIOH_Ieﬁ BOJIHBI, 3aBUCANIAA OT OPUCHTAIIUN U3JTY-

qaTes;
Zy, Z,, - coOcTBeHHBIN K03(pPULIUEHT CBA3U U KOID(DUIMEHT B3aUMHOMN CBS-

31 OCHOBHOT'O MW 3CPKAJIBHOT'O HBquaTeHeﬁ, ONpCaACLICMBIC 110 M3BCCTHBIM (bOp-

MyJam:

1 l
Z,=————|sin[k(/ - |zD]E.(p=a,z=2z")dz', 11
11 Sinz(kf)_j( [A( ‘ D] .(p ) (11)

130 t
Zy= sin[k(¢, — X
12 Sin(kzl)sm(kfz)_izl [k(L, ‘52‘)]

) {eXp(—ikm) 4 SPER) ) cos(ke, )M} dé, (12)

n r

exp(—ikR,) N exp(—ikR,)
Rl RZ

-2 cos(%j —exp(—ikR)} , (13)

E (p=a,z==z") =i30]0{

R
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R=A/p>+22; Ri=p> +(z=0)2; Ry=\/p? +(z + 0)?,

r=Y 8 = s =0

=y Ey +0,) =Ly =1, (14)
a - paguyc BUOpaTopa;
[, - aMIUIATy/1a TOKA B ITyYHOCTH.
AHalli3 COOTHOIICHHUH JIJIs1 BBIYHUCICHHS XapaKTEPUCTUKH HANpPaBICHHOCTH
U XapaKTEPHUCTUK COTJIACOBAHMS MMOKA3bIBAET, YTO OHU HEMOCPEICTBEHHO 3aBUCST
OT TOJISIPU3AIMK TaJafoNIeH BOJIHBI U OT JJICKTPUUYCCKUX CBOMCTB MOBEPXHOCTH,
OIMHCHIBAEMBIX KOMIUIEKCHBIM KO3 (UIIMEHTOM OTpayKeHHUs. B ¢BsI3u ¢ 3THM aaiee
paccMOTpHUM, KaKMM 00pa3oM BEJIMYMHA KOMILIEKCHOTO Kod(dHIMEeHTa oTpake-

HHA 3aBUCUT OT KOHCTPYKTUBHBIX ITapaMCTPOB HOBerHOCTCﬁ N3 MCTaMATCPUAJIOB.

3.2 B3auMoCBA3b MeK1Y KOHCTPYKTHUBHBIMH NIapaMeTPamMu
BbICOKOUMIIEJAHCHOTO MOKPBITHS M BEJIMYMHOMN
KO3(pPpuuHeHTAa OTPaAKEHUS

Opnum u3 BUAOB MeramarepuanoB (MM) SBISIIOTCS BBICOKOMMIIEIAHCHbBIE
noBepxHoctu (HIS). Ilo cBouM cBOWCTBaM JaHHBIE MOKPBITHUS OTHOCATCS K 4a-
CTOTHO-CEJIEKTUBHBIM, IIOCKOJIBKY 00J1aJJal0T COOCTBEHHBIM pe30HaHCOM. ['eomer-

puAa HOBCpXHOCTCﬁ JAaHHOT'O TUIIAa OIIPCACIICTCA KOHCTPYKIUAMUA, ITPHUBCACHHBIMU

Ha PUCYHKeE 2.
2r
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Croii 2 Emrocins

Crnotil

0
Pucynok 2 — I'eomeTpusi KOHCTPYKIMH BBICOKOMMIIEJAaHCHOM TOBEPXHOCTH
(moBepxHOCTH 3UBEHIUIIEPA): d — OJTHOCIIONHOE; O - IBYXCIOMHOE

AHanu3 JaHHOTO PUCYHKA MOKA3bIBAET, YTO MOKPHITHE MOKET OBITH BBITION-
HEHO B BUJIE KaK OJIHOCIOMHOTO, TAK ¥ MHOTOCJIONHHOTO. B mepBoM ciydae skpaH
COCTOUT M3 METaJUIMYECKOW OCHOBBI-3KpaHa 1 (CM. pUCYHOK 2,a), Ha KOTOpPbIN Ha
HOXKKaX B BHJIE METAINTMYECKOTO CTEPXKHA paauyca » (mpu rpuboodpa3HoOi CTPYK-
Type) WM BBICTYNA (TIPU BHICTYNOOOPA3HON CTPYKTYpe) 2 YCTAHOBIEHBI C IIaroM
D mutacTuHYAThIe METAJUTMUECKUE YJIEMEHTHI, UMEIOIINE KBaPaTHYIO WM IIeCTH-
yTOIBHYIO OpMY.

3a30p MEXIy IUISITKAaMHU COCTaBlisAeT g << A (A - pabouas aJiMHA BOJIHBI).
[TpomexyTOK MEXIYy 9KpaHOM-OCHOBOW W TIACTUHYATHIMHU 3JIEMEHTaMHU BBICOTOU

fz . 3allIOJIHCH OUDJICKTPUICCKUM MATCPHUAJIOM C OTHOCHUTEIBbHOM III/IBJICKTpI/I‘{CCKOﬁ
MMPOHUIAEMOCTBIO &,., BBIIOJIHAIOIINM (1)YHK]_II/II/I YIUIOTHCHUA KOHCTPYKIHUH, a

TaKXe PETyJIHPYIOIINM CTPYKTYPY 3JIEKTPOMArHUTHOrO MOJiA. S4eiiKu CTPYKTYpBI
0o0pa3yloT, Kak MOKa3aHO Ha pUCYHKe 3, kojebatenbHbll LC-koHTYp. HecnoxHo
3aMETHUTh, YTO EMKOCTH OOpa3ylOTCs B 3a30pax MEXIYy IJIACTUHAMU, & UHAYKTHB-

HOCTHU (1)OpMI/Ipy}OTCH 3a CUCT 3aTCKAromIcro B IIOJOCTb MAarHUuTHOT'O ITOJIA.

Pucynok 3 - IIpeacrasnenue siueviku HIS B Bune LC-kKoHTYypa
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[Ipyn BBINOJHEHHM MOKPBHITUS B BUAE MHOTOCIOWHOTO, HAlpUMEp, NBYX-
CJIOMHOTO, MOKa3aHHOTO0 Ha PUCYHKE 2,0, B MECTax MEPEeKPBHITUN MJIACTUH BO3HU-
KAalOT JONOJHUTENBHBIE EMKOCTH, OTCYTCTBYIOIIUE B OJHOCIONHOM IMOKpPHITUH. B
o0I1IeM clyyae YuCIO CIIOEB, a, CIEA0BATENbHO, TONOIHUTEIbHBIX €EMKOCTEH, HU-
YEM HE OIPAHUYEHO.

B 3aBUCUMOCTH OT OTHOCHUTENIbHBIX Pa3MepoB siueek (10 CPAaBHEHMIO C M-

HOH BOJIHBI B CBOOOJHOM IIPOCTPAHCTBE A ), 00pa3yromuX IByMEPHYIO IIEPHOIH-

YECKYIO CTPYKTYPY, TIOBEPXHOCTH MOJAPA3IEIISIIOTCA HA ABa TUNA. Tak, mpu pazMe-

pax siuerikn nopsiaka Ag/20...4, /10 cTpykTypsl Ha3bIBalOTCS AJIEKTPOMArHUT-

HBIMU CTPYKTYpPaMU C 4aCTOTHOU oTceukoi (EBG), a mpu MEHbIINX pa3zmepax (Imo-

psanka A, /40...4,/20) - vacrotHO-cenekTuBHbIMU (UCC, FSS). Yka3aHHbIe Tu-

bl CTPYKTYp (DYHKIHOHHUPYIOT HAa OCHOBE PAa3IUYHBIX (PU3MUYECKUX MPUHIUIIOB:
EBG ucnonbs3yroT 3¢ ¢ekr paccenBarenst bparra, a padora YCC cBsizaHa ¢ oco-
OCHHOCTAMM PACIPOCTPAHEHHUS JIEKTPOMATHUTHOM BOJHBI B MHOTOCJIOWHOMN aHU-
30TPOMHON CpeAe C OTPULATEIBHBIMU OTHOCHUTEIBHBIMU IPOHUIIAEMOCTSMHU B
HOopMalibHOM HarnpaieHuu. CoorBeTcTBeHHO YCC (pyHKIIMOHUPYIOT B YACTOTHOM
Auanas3oHe, 6oj1ee HU3KOM, YEM 4acTOTa IIEPBOT0 pe30HaHca CTPYKTYpsl bparra.
Koaddumment orpaxenus ainsg aHaIM3UPyeMOl BBICOKOMMIIEAAHCHOM TMO-

BEPXHOCTHU OYJET ONPEEIATHCS COOTHOIICHUEM:

-1

R=1iotu —Zo| 1~ - ity + Zo| 1-| : (15)

) )

rae oy, =1/+LC - pesonancHas yacrora HIS;

Zy =.|— [OM] - xapakTepuctuueckoe conporunienue LC-nenu;

Hy OTHOCHUTCIIbHAA MAarHuTHAs IMIPOHUIACMOCTb MaTCpHajia 3all0OJIHCHUA 110-

KPBITH:.

31



HapaMeTpLI SKBHUBAJICHTHOI'O K0J€0aTeILHOTO KOHTYpa SIYEHKU BBICOKOUM-

MNCIAHCHOI'O ITOKPBITUA 3aBUCAT OT IMOJIAPHU3ALIUN HaJIaIOH_Ieﬁ BOJIHBI:

C, Crg T g )|cos” O, ’ (16a)
Lyy = Lyp =iopgty (166)

rJe { - MHUMAas eUHUIIA;

®=2r f - IUKIAYECKas 4acToTa u3aydaress, QyHKIHOHUPYIOIIETro Ha YacTo-
e f;
-1 —
& =@B6m) 10 ? [®/M] - aneKTpHYeCKas OCTOSHHAS,

Uy =4rm- 1077 [TH/M] - MATHUTHAS TTIOCTOSIHHAS;

& +&,

5 - s exTuBHAS TPOHULIAEMOCTh IBYX cpell (HUKe JTUHUU IJ1a-

CTMHOK U BBILIE JINHUU IUIACTUHOK);
0, - yrois najieHus BOJIHBI.

OcranbHble apaMeTpbl, BXOJAIINE B COOTHOIIEHUs (16), moka3aHsl Ha pH-
cyHke 2. Eciu nokpeitue npeacrasiser co00il MHOTOCIOWHOE, TO Ul OMHMCaHUs
€ro KOHCTPYKIHMH IIPUMEHSIOTCS CIIC ABa IIapaMeTpa.:

L=pguty, C=gye8d7", (17)
rae t, - ylajaeHue HIKHEN IUIACTUHBI OT METAUIMYECKON MOIJI0KKHY;
S - nepekpsiBaeMasi IJIACTUHAMM I1JI0IIAIb;
d =1, —t,- paCCTOSIHUE 110 BEPTUKAIIN MEXAY IIJIaCTUHAMMU.
Takum 00pa3zom, IpUBEICHHBIE B JaHHOM IOAPA3Jelle COOTHOUICHUS OIU-

ChIBAIOT B3dUMOCBA3b MCKAY KOHCTPYKTUBHBIMH IIAPAMCTPAMU IMOKPLITUSA U BCIIN-

YUMHON KOMILICKCHOI'O KOC—)(I)(I)I/II_II/ICHTa OTpPaAKCHUA.
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3.3 ®usuvecKue OCHOBBI YIIPABJICHUS IMOJEM OTPaKeHUS
OT BHICOKOMMIIEIAHCHOM MOBEPXHOCTH

KaK HU3BCCTHO M3 PEC3YJIIbTATOB MHOTI'OYHCIICHHBIX I/ICCJ'ICI[OBaHI/II\/JI H]S OTHO-
CATCA K 3aMCIJIAIOIUM CTPYKTYpPaM. I[JISI HUX MOIYJb KOC—)q)(l)I/ILII/ICHTa OTpAKCHUA
R, onuceiBaemblil cooTHomIeHUEM (15) paBeH enuHMIIE, a U3MEHSAETCS TOJIBKO (a-
3a @. VI3 Teopuu BOJIH CJIEYET, YTO CO3/laBacMO€ BOJU3HM BHICOKOMMIIETAHCHOTO
MOKPBITUSL TIOJIE TMPECTaBISIET COOOH MOBEPXHOCTHYIO BOJIHY, PacHpoCTpaHsIo-
MYIOCA BAOJIb HCTO H 3KCIIOHCHIHUAJBHO 34aTYXAIOMIYIO B ICPICHIAUKYIIAPHOM K
IOKPBITUIO HAIIPABJICHHUMU. I[J'ISI OIMMCAaHUS CBOMCTB IMOKPLITUA, HA KOTOPOM BO3-
6y>1<11aeTc51 IMOBCPXHOCTHAA BOJIHA, HCIIOJIB3YCM I/IMHCI[aHCHBII\/JI nmoaxon, Impu KoTo-
POM OIMHMCAHHUC IBJICKTPHUUCCKHUX CBOMCTB MMOKPLITUA OCYHICCTBIIACTCA C ITOMOIIBIO
TAaHTCHIHUAJIBbHBIX COCTABJIAOIIUX HMIICIAHCA, T.C. IMOBCPXHOCTHOI'O HMMIICIAHCA.
I[aHHOC YIOPOIICHUC BO3MOKHO, ITOCKOJIBKY IIPHU IMPOCKTUPOBAHUU AHTCHH BbICO-
KOUMIICIAHCHBIC IMOBCPXHOCTH IMPUMCHANOTCA, B OCHOBHOM, B Ka4YCCTBC 3KPAHOB,
IJIA KOTOPBIX I/IH(i)OpMa]_II/ISI O CTPYKTYPC BJICKTPOMATHUTHOT'O IIOJIsI BHYTPH IIOJIO-
CTEH HEe UCIIOIB3YeTCS.

Bennunna IMOBCPXHOCTHOI'O UMIICAAHCA JJIA paCCManHBaeMOﬁ CTPYKTYPHI
OTIPENICIIACTCS] COOTHOIICHUEM

ioL

Z_

=— . (19)
l-0°LC

Fpa(i)I/IK OIMMCHIBACMOM JaHHBIM COOTHOIICHUCM YaCTOTHOM 3aBHCHUMOCTHU

BEJIMYMHBl HOPMHPOBAHHOTO K COINPOTHUBICHHIO CBOOOJHOTO MPOCTPAHCTBA
Z=7ZW, (W,=120r OM) NOBEpXHOCTHOI'O0 MMIIEJaHCA IIPUBOAUTCS HA PUCYH-

ke 4.
Ananu3 cootHomenus (19) u pucyHka 4 mokasblBaeT, YTO HAa YacCTOTaX

MEHBIINX PE30HAHCHON YacTOThl @ =@/ ®, =1 MOKpbITHE 001aJaeT MOBEPXHOCT-

HBIM HMIICAAHCOM HHIAYKTHUBHOI'O XapaKTCpa (HOJIO)KI/ITCHBH]':Jﬁ I/IMHCI[aHC), a B
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0oJiee BBICOKOYACTOTHOM 00JacTH — €MKOCTHOTO THNA (OTpHUIATENbHBIA HMIIE-

JIaHC).

i~

E’(m) T T
1000 — |

100
10

1
0.1 ] ! !

® 098 1 102 &

Pucynoxk 4 - YactoTHasi 3aBUCUMOCTb HOPMUPOBAHHON BEIUMYUHBI
MTOBEPXHOCTHOTO UMIIe/IaHCca BOJIM3H PE30HAHCHOM 4acTOThl HIS MOKpHITHS

Ha wuHAYKTUBHON NOBEPXHOCTH BO30YXKIAIOTCS MONEPEYHO-MAarHUTHBIE
BOJIHBI. Ha €MKOCTHOW MOBEPXHOCTH BO30YXKIAIOTCS TONEPEYHO-3TEKTPUUECKUE
[IOBEPXHOCTHBIE BOJIHBL. BelnunHa MOBEPXHOCTHOIO MMIIEJAHCA IPU 3TOM OIIpe-

ACIIAKOTCA COOTHOILICHUAMM .
l. |
Zng =2 Q0)  Zyy =K @)

rae [ - NpoIobHOE BOJIHOBOE YMCIO ((pa3oBbIH KOIPPHUIIMEHT B PETYIISPHON JIN-
HUHU), CBSA3aHHOE C BOJHOBBIM YHUCJIOM cpefibl ((pa30BbIM KOA(DPHUIIUEHTOM B HETO-

TJIONIAIONIEH cpejie) ypaBHEHUEM CBSI3U:
kK =p+x, (22)
¥ - TOIepeYyHOE BOJIHOBOE YHUCIO (TorepeuHbiii kodduimenTt). YpaBHEeHHE
CBSI3M WILTIOCTPUPOBAHO PUCYHKOM 3.

AHOManpHBIE CBOMCTBa BBICOKOMMIICAHCHAS IMOBEPXHOCTH MPHOOpETaeT
BOJIM3M PE30HAHCHOM YacTOTHI MOKPHITUS @), . BOIM3M Hee nMeeT MeCcTo Tak Hasbl-
BaeMasi 00J1acTh OTCEYKH, KOT/Ia TTIOBEPXHOCTHBIC BOJIHBI HE PACIPOCTPAHSIIOTCS, a
BEJIMYMHA TOBEPXHOCTHOTO MMIIE/IaHCA U3 MMACCUBHOW CTAHOBHUTCS aKTUBHOM. J[mst
naHHOM o6sactu ko3 uiueHT Oeryiiei BoJHbl ¥ =if3 OMUCBHIBAETCS COOTHOIIIE-
HUEM:
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Dazoentil KOIPPUjLeHn &
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Pucynok 5 — Mtroctpanust ypaBHEHUS CBSA3M ISl HEMOTJIOIIAKOIIEN CPEbI

05 | | |
0 40 30 B v

Pucynok 6 - JlucnepcronHast tuarpamma Bo30YK/1€HUS MOBEPXHOCTHBIX BOJIH B TOKPBITHH:
1 — yacToTHAast 3aBUCUMOCTb BOJIHOBOTO UHCJa B CBOOOJHOM MPOCTPAHCTBE;
2 —4acToTHas 3aBUCUMOCTb [TOBEPXHOCTHBIX MONEPEYHO-MArHUTHBIX BOJIH;
3 — 4acTOTHbIE 3aBUCUMOCTH [TOBEPXHOCTHBIX MONEPEUHO-3JIEKTPUUECKUX BOJIH;
4 — gacTtoTHas 3aBUCUMOCTb 00JIaCTH OTCEUKH

y = kN1—Z**  BHe 30HbBI OTCEUKH, (23)
N1+ Z%  B30me OTCEYKH,

rne Z =7 /W, - BenuunHa HOPMUPOBAHHOTO K COIIPOTHBIIEHUIO CBOOOIHOIO IpO-

CTPAHCTBA IIOBEPXHOCTHOTO MMIIEIAHCA.
B cootHomenun (23) BepxHUN 3HAK COOTBETCTBYET MPOJOJHHOMY BOJIHO-

BOMY YHCITY HOBerHOCTHOﬁ BOJIHBI 3JICKTPHUYCCKOI'O TUIIA, A HIDKHUM 3HAK — Ipo-
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ZOJIbHOMY BOJIHOBOMY YHCJy ITOBEPXHOCTHOM BOJIHBI MAarHUTHOrO Tuma. Ilomyda-
eMasi C UCIOJIb30BaHUEM BhIpakeHUH (23) AucnepcuoHHas JuarpaMma MOKphITHS C
OTCEUYKOM MOKa3aHa Ha pUCYHKeE O.

Ananu3 pucyHka 6 1Moka3bpIBaeT, YTO yCiIoBuUsl BO3OyxaeHuss TM- u TE-BonH
pasznuyatotcs. Tak, sjexkTpudeckue BoJiHbI (7M-BOJIHBI), UMEIOT CKOPOCTh MEHb-
Y10 CKOPOCTH CBeTa (Ha pUCYHKe 6 — mpaBee JIMHUM cBeTa 1) u BO30yKIaroTcs Ha
METAJUIMYECKOM 3KpaHe. HacTHBIM cily4aeM JUIsl JAHHBIX BOJIH SIBJISICTCS MHIYLIH-
PYEMBIIl HA MOBEPXHOCTU METAINIMYECKOT0 dKpaHa AeKTpuyeckuil Tok. Kpome To-
ro, IIOBEPXHOCTHBIE BOJIHBI 7M-NONsApU3aLMK TTOJICPKUBAOT HA YaCTOTAX HUKE
pe3oHaHCHOM yacToThl HIS (HUke ropu30HTAILHON IITPUXOBOW JTMHUU C a0CLUC-
coil @=1), a Bomubl TE-ONsSpU3aIMy - Ha YacTOTaxX BBIIIE PE30HAHCHOM (BBIIIE
TOPU3OHTAIBHOM IITPUXOBOM JIMHUU ¢ abcuuccod @ =1). Bo Bcex ciydasx auc-
IIEPCUOHHBIE KPUBBIE IOBEPXHOCTHBIX BOJIH HAUYMHAKOTCS HA JIMHUM CBETA, a IIOTOM
OTKJIOHSIIOTCSI OT Hee. [[aHHOe OTKJIOHEeHHE OOBSCHSAETCA TeM, uTo (pa3zoBasi CKO-
POCTb OBEPXHOCTHBIX BOJIH HUKE CKOPOCTH CBETA, IIOCKOJIBKY JIaHHBIC BOJIHBI SIB-
ast0Tca MenneHHbBIMU. OONacTu OTceukH 4 pacrojaratroTcs JieBee JIMHUM cBeTa 1,
T.€. Ha 4acTOTaxX, /i€ MOBEPXHOCTHBIE BOJHBI HE BO30YXKAAIOTCS.

['panulibl 06J1aCTH OTCEUKH, B KOTOPHIE MIOBEPXHOCTHHIE BOJHBI HE BO30YXK-
JAI0TCs, MOTYT OBbITh ONpPENENEHBI ABYMs CIIOCOOaMM: aHAIUTUYECKH U IKCIIEPHU-
MEHTAJIBHO.

B nepBoMm ciy4yae 4acTOTHBIM Auana3oH HAXOAUTCSA C UCIOJIb30BAHUEM CO-
OTHOILICHUS:

@1, =170.540, (24)

NL/C

Tac Aw = W— - OTHOCHUTCIIbHAA pa60qa51 I10JI0Ca 4aCTOT 30HbI OTCCUYKHU,
0

=12
VVO Oz OM — BOJTHOBOE COIIPOTHUBJIICHUC CBO6OI[HOF0 IMPOCTPaHCTBA,

D> =0,/ ® . .
1,2 12770 _ gopmupoBaHHBIE K PE30HAHCHOM 4aCTOTE YaCTOTHI HUXKHEH 1

BerHeﬁ I'paHuIl A1ala3oHa OTCCUKH,
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BEPXHUU 3HAK B COOTHOIICHHUH OMPENENseT HWKHIO TpaHUIly, a HUKHUN —
BEPXHIOIO [PAHMUILY.

DKCHepUMEHTANIbHBIN CIOCO0 UCTONB3YETCS AJI Psiia YACTHBIX TUIIOB KOH-
CTPYKLIHM, Hampumep, OJAHOCIOMHOrO0 MOKPBHITUA C KBAaJAPATHBIMHU ILJIACTUHAMHU.
Jlist HUX BbIpaxkeHue s ¢a3bl KO3 (UIMEHTa OTPaXKEHUSI WM POCTO (pasbl OT-
pakeHusl, Kak MPUHATO 0003HAYATh B IUTEpaType, uMmeet Buj [42]:

_af > +ibf —W,
af* —ibf —W,

O(f)=0(f)=Im ; (25)

rae a = 4712W0LC,

b=2rL KOHCTPYKTHUBHBIE MAPAMETPHI TOKPHITHS.

B cooTnomenun (25) st o6o3nauenus ¢dasnl oTpakenus O( f) ucmnoman3o-
BaHO TaKKe TPAAUIIMOHHOE B TEOPUH METaMaTepuasioB o0o3HaueHue 6( f).

YacToTHble 3aBUCUMOCTH (Da3bl OTpaKCHUsS TaKXKE IO3BOJISIOT BBIICIUTD
00J1acTh OTCEYKH, B KOTOPOI MOBEPXHOCTHBIC BOJHBI HE paclpocTpaHstoTcs. Pac-
CMOTPHUM JaHHBIH aHaliu3 Ha MPUMEPE MOKPBITHS C KBaJIpPaTHBIMU IUIACTHHAMH,
¢daza oTpakeHus 711 KOTOPOTO OMHUCHIBAETCS COOTHOIIeHHEM (25). JlaHHas 3aBu-

CHUMOCTh ITPUBEJEHA HA PUCYHKE 7.

B(w)

90

0.5 | I
0 40 30 p vt

Pucynoxk 7 - 3aBucumocts (ha3bl kKodppuueHTa OTpaxxeHust OT 4aCTOThI

O6nacTu OTCEYKM HA JAaHHOM PUCYHKE COOTBETCTBYET 00yacTh 2, korja (a-

3a oTpaxeHus uzMeHserca ot +90° no —90°. ®a3a orpaxkenuss 0° COOTBETCTBYET
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PE30HAHCHOM 4YacTOTE MOKPBITHS, OTMEUYEHHOW HAa PUCYHKE 6 IITPUXOBOW TOpH-
30HTAJILHOW JIMHUEN C OpAMHATOM 1.

O6nactu BO30YXJAEHUSI MOBEPXHOCTHBIX BOJIH COOTBETCTBYIOT 00iacTsM 1.
[Tpuuem TM-BOJHBI (aHAJIOT BOJIH HA METAJUTMYECKOM DKpaHE) BO30YKIAIOTCS Ha
4acTOTaX MEHbIIE HOPMUPOBAHHOW PE30HAHCHOU (QN’ =1y, xorna daza oTpakeHus
paBHa 7T, 4TO COOTBETCTBYET KpUBBIM 2 Ha pucyHke 6. TE-BoiHbI (kpuBble 3 Ha
pucyHnke 6) BO30YKIAlOTCS Ha 4acTOTax BBIIIE PE30HAHCHOM, Korja ¢asza paBHa
-7

BrinosiHeHHOE CpaBHEHHE IMOKA3bIBAET, YTO IPU U3BECTHOW YAaCTOTHOM 3a-

BUCUMOCTHU (a3bl oTpakenust O( f) npoluie onpeaenuTb padouuil Juana3oH BhICO-
KOMMIIEJJAHCHOTO TOKPBITUA. 151 HallIeHHOTO YaCTOTHOIO JUala3oHa PacCUUThI-
BaIOT pabOYuii [UanazoH 4YacToT, ONPEAeNsieMblii COOTHOIIEHUEM:
Brel:fu/fl7 (26)
rae f, - BepxHss yactora, paza ko3¢ uiMeHTa oTpaxeHus paBHa — /2 ;
f, - HIKHSAA 4acToTa, (Ga3a koddduimenta orpakeHus paBHa + /2.

Takum 06pa30M, YIIPaBJICHUC AHOMAJIbHBIMHU CBOMCTBAMHM BBICOKOHMIIC-
HJAHCHOTO INOKPBITUA OCYIICCTBILACTCA B 30HAX OTCCYUKH, T.C. HA YACTOTAX BOJIM3H
pCBOHaHCHOﬁ YaCTOThI IMOKPBITHUA, IIPHU KOTOPBIX PACIIPOCTPAHCHUC ITOBCPXHOCT-

HBIX BOJIH IIPCKPAIIacTC:A.

3.41Ipumepbl HCMOJIB30BAHUSA METAMATEPUAJIOB B AHTEHHON TEXHUKE

O6nacTy NpUMEHEHUs] METaMaTepuaIoB B aHTEHHOM TEXHUKE pa3zHooOpa3s-
Hbl. /{7151 nprMepa paccMOTpUM HECKOJIBKO YacCTHBIX CIIydaeB, HauOoJiee yacTo HC-
MOJIb3YEeMbIX MIPU KOHCTPYWPOBAHUM aHTEHH: JUJIS yHpaBiieHUs GOpMOM Juarpam-
Mbl HaPaBJIEHHOCTH U JJIs MOCTPOEHUSI HU3KONPO(DUIbHBIX aHTECHH.

AHanu3 BapuaHTOB HUCIIOJIb30BAHUS METAMATEPHAIIOB B AHTCHHOW TEXHUKE
HayHEM CO ciydas MpUMEHEHHUs MeTramatepuana Tuna DZR s usmenenus Qop-
MBI JUarpamMMbl HaIlpaBJIE€HHOCTH aHTEHHBI. [IycTh MeTaMaTepualbl NCIOIB3YOTCS
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JUTSI BBITIOJTHEHUSI IBYXCJIOMHOTO MOKPBITHS HA HECYLIEeH KOHCTPYKIIMU B BUJIE KPY-
rOBOT0 METAJNIMYECKOI0 LWINHAPA paanyca a. B IOKphITUM OOUH U3 CIIOEB U3rO-
TOBJICH M3 MaTepuaia ¢ rmoka3areiaeM MpesIoMICHHs, MEHBIINM eAUHUIIbL. Bbi6op
JBYX CJIOEB IOKPBITUS 00YCJIOBIEH TEM, YTO YHUCIIO CIOEB Ul Takux MM neneco-

00pa3HO BBIOMPATh YETHBIM. TOJIIIMHA CI0EB NOKPBITUA cOCTaBsAeT ¢; (i=1,2), a

OTCYET CJIOEB OCYILIECTBISAECTCA CHU3Y (OT MOBEPXHOCTU METAJUIMYECKOTO LIMIUH-
npa) BBepX. M3nydarenb (MPOAOIbHBIN 3JEKTPUUECKUHN, TPOIOIbHBIA MarHUTHBIN
WU paJuaibHbIi MarHUTHBINA JTUIIOJB) pa3MeNaeTcs Ha yJIaleHUu A OT TOBEpX-
HOCTU BEPXHErO CJIOA TMOKPBITUA. Pe3ynbTaThl MOJEIUPOBAHUS JUArPaMMBI
HAaMpaBJICHHOCTH, BBITIOJHEHHBIE C MCIIOJb30BAHUEM H3BECTHBIX COOTHOIIEHHUM
TSl IEPEYMCIIEHHBIX BBIIIE TUMOB M3JIy4daTesel moka3anbl Ha pucyHkax 8-10.
[lonaranock, 4YTO KPpyroBoi IMWJIMHIAP UMEN paauyc a = A, U3lydareib pas-
Melancs Ha paccTosHuU /s =0.250 OT MOBEPXHOCTH MOKPBITHS, TOJIIINHA CIIOEB
nokpeitus coctaBisina t; =0.14 (i=1,2). Ilpu npoBenenun uccnenoBaHuil pac-
CMaTpUBAJIUCH JBa cliydas: mpu (UKCUPOBAHHBIX 3HAUCHUSX OTHOCUTEIHHOM IU-
AJEKTPUYECKON MPOHUILIAEMOCTH M3MEHSIIOCh 3HAYEHHE OTHOCUTEJIBHON MAarHMT-

HOU MPOHUIIAEMOCTH, U HA0OOPOT.

Pucynok 8 - 3aBucumocts JIH npo1obHOTO 3JIEKTPUUECKOTO TUTIONS
OT MMapaMeTPOB MOKPBITHSL:

a-€=2 M gappupyercs: 1, 0.8, 0.6 1 0.01 (kpussie 1-4);
6 - W=2, & Bapbupyercs: 1, 0.8 u 0.01 (kpussbie 1-3)
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30

Pucynoxk 9 - 3aBucumocts JIH npo101bHOro MaruuTHOTO JIUIOJIS
OT MMapaMeTPOB MOKPBITHS:

a- €=2, | sappupyercs: 1, 0.8, 0.6 u 0.01 (kpusbie 1-4);
6 - W=2, & Bapbupyercs: 1, 0.8 u 0.01 (kpussie 1-3)

B I[IEpBOM CiIy4dac I10JIarajioCh, YTO &€ =&, = 2 , 4 L U3MCHAJIOCH U IIPHUHU-

MaJjio cooTBeTcTBeHHO 3HaueHud 1, 0.8, 0.6 u 0.01. DTuM 3HAYCHUSIM COOTBET-
CTBYIOT PUCYHKHU C MHJEKCaMHU «a». [Ipu 3TOM JieBO€ 1MoJjie WITIOCTPUPYET Pe3yJib-
TaThl, MOJYYEHHBIC MPU U3MEHEHUHU MAarHUTHBIX CBOMCTB BEPXHETO CJIOA, a TIPaBOe

I10JIC - HUXKHCTO CJIOA.

Pucynoxk 10 - 3aBucumocts JIH pannanbHOro MarHUTHOTO AMUIIONS

OT IIapaMeTPOB MOKPBITHUSL:
a- €=2, | sappupyercs: 1, 0.8, 0.6 u 0.01 (kpubie 1-4);
6 - W=2, & Bapbupyercs: 1, 0.8 u 0.01 (kpussie 1-3)

Bo BTOpOoM ciydae (ukcupoBanoch 3Hau€HUE L =2, a BEIUYMHA OTHOCH-

TEJILHOM HHBH@KTqueCKOﬁ MMPOHHUIACMOCTHU U3MCHAJIACH, IIPUHUMAA 3HAYCHUA 1,

0.8 u 0.01. Ha pucynkax ¢ uHAeKcaMu «0» NaHHBIM BapUaHTaM COOTBETCTBYIOT
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kpuBble 1-3. Ha jeBoM moJie moka3aHbl pe3yiabTaThl, MOJIYyYCHHBIC TP U3MCHECHUHN
JTUDJICKTPUYECKUX CBOMCTB BEPXHETO CJIOS, & HA TIPABOM I10JI€ - HHYKHETO CJIOSL.

AHanu3 NMpUBEICHHBIX PE3yJbTaTOB IMOKA3bIBACT, YTO HaMOOJICe CHIIBHO Ha
W3MCHCHHE HAMPABJICHHBIX CBOMCTB U3ydaTeliell OKa3bIBaeT MOKPHITHE, Y KOTOPO-
IO MarHUTHBIC CBOMCTBA OTIMYAIOTCSA OT €IUHUIBL. [Ipy 3TOM Yy TpPOAOJIBHOTO
AJIIEKTPUYECKOTO JUMOJS M3MCHSETCS ITMPHHA TJIABHOTO JICTIECTKA JUarpaMMbI
(JlemecTok cy)kaeTcsi), OCOOCHHO CHJIBHO 3TO HaOJI0AaeTCs, €CIM MarHUTHBIE
CBOMCTBA MaTepHajla BEPXHETO CJIOS TIOKPBITUS CTPEMATCS K Hyo. [lonymupuna
TJIABHOTO JICTIECTKA M3MEHSACTCS MPUMEPHO B BOCEMb Pa3, YTO MPHUBOJMT TAKXKE K
CMEIICHUIO TIOJIOKCHHUS B MPOCTPAHCTBE TJIaBHOTO JICTICCTKA JUArpaMMbl HaIpaB-
JEHHOCTH. V3MEHEHHE IUAIICKTPUUYECKUX CBOMCTB MaTepuaja IMOKPHITHH Takke
MIPUBOJAT K CY)KEHHIO TJIABHOTO JICTICCTKA JHAarpaMMbl HaIllpaBICHHOCTH, OJHAKO
TaHHBIA ) PEKT TPOSBIIIETCS HE TaK CHIIBHO.

JIis m3nmydaTesiedd MarHuTHOTO THa 3¢ eKThl, BhIABICHHBIC NMPU U3MCHE-
HUU TapaMEeTPOB TOKPBITHS, MPOSBIAIOTCS HanOoJiee HArJBIIHO IS MPOJIOJIBHO
OPUEHTUPOBAHHOTO JHIOIA. B 3TOM ciiydae M3MEHEHHE MarHUTHBIX CBOMCTB Ma-
TEepHaia CIOCB TOKPBITHUS MPUBOIUT HE CTOJBKO K M3MCHCHHIO Yy JIUArpaMMbI
HAIPaBJICHHOCTH IIMPUHBI TJIABHOTO JICTIECTKA, CKOJIBKO K M3MCHECHUIO €€ (hOPMBI.
DTO0 NpOosBIIAETCS CHavajaa B 3aMCHE HAIPaBJICHUA OPUCHTAIIUH TJIABHOTO U ITEPBO-
ro OOKOBOTO JICTICCTKOB JUArpaMMbl HAIPaBJICHHOCTH, a 3aTeM B (POPMHUPOBAHUHU
OJTHOJICTICCTKOBOM JTHMarpaMMbl HAMPABICHHOCTH TPH YCTPEMJICHUU MarHUTHBIX
CBOWCTB MaTepuaia TIOKPHITHS K HyI0. [IpM W3MEHEHHMH JHAJICKTPUUICCKUX
CBOMCTB MaTepuaja IMOKPHITHS HaOIr01aeTCs HEOOBIIIOe CMENICHUE TJIABHOTO Jie-
MeCTKa, a TaK)Ke W3MCHCHHE YPOBHsS OOKOBOTO W3Iy4CHHS (MPU U3MCHCHHH JIH-
AIIEKTPUYECKUX CBOMCTB HIDKHETO CJIOS MOKPBITHSA). [ paguaibHO OPUEHTHUPO-
BaHHOT'O MarHUTHOTO JHUIIOJIS M3MEHEHWE MArHUTHBIX CBOWCTB TMOKPBITHS IPHUBO-
JTUT K CMEIICHUIO HAMPaBJICHUS TJIABHOTO JICTICCTKA JUarpaMMbl HAIIPABJICHHOCTH,
HamOoJiee cuibHOTO (TpuMepHO Ha 50 TpaaycoB) MPH YMEHBIICHUH MAarHUTHBIX

CBOICTB BepxHero ciosi. D @exTol, Ha0II0JaeMble PU YMEHBIICHUH JTUAJIEKTPH-
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YECKHX CBOWCTB Marepuaja MOKPBITUSA, T€ K€, YTO U I MPOAOJIBHO OPUEHTUPO-
BAHHOT'O MAarHUTHOTO JUTIOJS.

OueHnM BIIMSHUE MOKPBITHS U3 METATEPUAJIOB CMELMIAHHOIO THUIA HA XapaK-
TEPUCTHKHU COTJIACOBAHUS CO CBOOOJHBIM MPOCTPAHCTBOM PACIIOIOKEHHOMN BOIM3U
aHTeHHbl. PaccMoTpuMm ciyyall pa3MenieHHs TOPU30HTAIBHOIO IOJIYBOJIHOBOTO
AIEKTpUUECKOro BuOpaTtopa BOIM3U MOKpbITUS U3 MM cMmemanHoro tuma, o0ec-

NEYHUBAIOIIET0 MUHMMaJIbHYIO (a3y ko3pduuuenta orpaxkenus min(arg(S;;)),

T.€. MAKCUMAaJbHOE 3HAYEHUE XAPAKTEPUCTUYECKOTO CONPOTUBICHUS MOKPBITHS.
Ha pucynke 11 npuBonasiTCs pe3yabTaTbl MCCIEIOBAHUS 3aBUCHUMOCTh AKTUBHOM
(crutomIHAsE IMHMS) U PEAKTUBHOM (IITPUXOBAs JIMHMS) COCTABIIAIONIMX BXOAHOTO
COIIPOTHUBJICHHSI BUOpaTOpa OT €ro yAaJeHus: /1/ A OT MOBEPXHOCTH MOKPBITHSI.

Z(h),
Ox

50

0

- ==

-50

0 0,05 0,15 h/A

Pucynoxk 11 - 3aBUCUMOCTB BXOJHOT'O CONPOTHUBIIEHUSI TOPU30OHTAIBHOTO
II0JIyBOJIHOBOTO JIEKTPUUECKOI0 BUOpATOpa OT yJAJICHUS U3JIydaTess
OT OBEPXHOCTHU MOKPBITHSL:
CIUIOLIHAS JIMHUSI — aKTUBHAs COCTABJIAIONIAS;
LITPUXOBAs! IMHUS — PEAKTUBHAsL COCTAaBIISIONIAs
AHaJIN3 MOJYYEHHBIX PE3YJIbTATOB MOKA3bIBAET, UTO IPUMEHEHUE MOKPBITUI
n3 MM cMmeniaHHOro Tuma AacT BO3MOKXHOCTb pa3MCIIATh HU3JIYy4HATCIIM Ha yOaJIC-
HuM nopsiaka /A =0.1 (mo cpaBHEHHIO ¢ TpaAUIHOHHBIM /1/ A =0.25 BOIM3M Me-
TaJIITUYCCKOT'O 3KpaHa) OT MOBCPXHOCTU 3KpPAHA, obecrieynBas npu 3TOM MAaKCH-
MaJIbHO€ 3HAYC€HHE aKTUBHOM COCTAaBIIAIONICH BXOJHOTO COMPOTUBIICHHUS W OIU3-
KOC K HYJIKO 3HAYUCHHUC peaKTHBHOﬁ COCTAaBJISAIONICH. Kaxk u3BecTHO M3 pAaaa pa60T

Ipu THAYKTUBHOM XAPAKTCPHUCTUYCCKOM COIIPOTHUBJIICHHUU ITOKPBITHUA U OITMCAHHOM

BbIIIC COOTHOIICHUN MCKIY aKTHUBHOM M peaKTHBHOfI COCTAaBJIIOIIIMMH BXOAHOT'O
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COIMIPOTHUBJICHUA AHTCHHBI MOJKHO TOBOPHUTH O CO3AdHHUHN B SKBHUBAJICHTHOM CXEME
3aMCHICHUA ITOCJIICOOBATCIIbBHOTO PC30HAHCA. HpI/I TAKOM PC30HAHCC aMILIUTyIda
TOKa B aHTCHHC BO3PACTACT HpI/I6JII/I?>I/ITeJIBHO Ha IBa IOpAdKa IO CPaBHCHHUIO C

aMHJII/ITYIIOﬁ TOKa 0e3 9KpaHa C BBICOKOMMIICTAHCHBIM ITOKPBITHUCM.
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