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1 Heanb u conep:kanue padoThl

[IprBUTHE HABBIKOB BHIOOpA METOJIa PEIICHUs KPAaeBOM 3a7a4id U3 COBOKYII-
HOCTH U3BECTHBIX B HACTOSAILLUN MOMEHT CTPOTUX U YUCICHHBIX METOJ0B PEIICHUS
3a7a4 JIEKTPOAUHAMUKYU Ha IPUMEPE PELICHUS 3a/1a4d O HAXOXKJIECHUU paclipee-
JIEHUS TJIOTHOCTH MOBEPXHOCTHOIO TOKa, BO30YKJA€MOT0 MPH MaJACHUH TUIOCKOU
JIMHEMHO NOJIIPU30BAHHOM BOJITHOM HA KPYIOBOM METAJUIMYECKUN LIAIAHAD.

Conepsxanue padoTbI

1. OsHakoMmJeHHE C BBIBOJIOM PACUETHBIX COOTHOLIEHUMN NJIi KOMIOHEHT
BEKTOpa IUVIOTHOCTH MOBEPXHOCTHOT'O 3JIEKTPUUYECKOI'O TOKA, BO30YK/IaeMOro npu
MAaJECHUU TUIOCKOW JIMHEWHO IOJAPU30BAHHOW BOJIHOM HAa KPYrOBOM MeETaslInye-
CKUU UMJIMHAP MPHU UCHOJIB30BAHUHN METOJa COOCTBEHHBIX (PYHKIIUH.

2. O3HaKOMJIEHHE C BBIBOJIOM PACUETHBIX COOTHOIIECHHUH AJII KOMIIOHEHT
BEKTOpa IUVIOTHOCTH MOBEPXHOCTHOTO JIEKTPUUYECKOIO TOKA, BO30YK/IaeMOro npu
MAaJECHUU TUIOCKOW JIMHEWHO IOJAPU30BAHHOW BOJIHOM HAa KPYrOBOM MeETaslInye-
CKUH LAJIMHAP MPU UCIIOIBb30BAHUU METO1a UHTETPAJIbHBIX YPAaBHEHUM.

3. OcCoOEHHOCTH MPUMEHEHHUs METOJa KOJUIOKALWHU JJISl PEUICHUS HHTE-
IPaJIbHOTO YPaBHEHHS.

4. TlpoBeneHue CpaBHUTEIBHOIO aHAIN3a MOJYYEHHBIX PE3YJIbTATOB pe-
meHus: AMPPaKIMOHHON 3a/1a4u.



2 KpaTkue cBeJleHUs 0 pellIeHUN KPaeBbIX 32/1a4 JIeKTPOAMHAMUKHA

2.1 O0630p MeTO10B pelIeHNsI 321a4U 0 BO30YKIeHUH
MOBEPXHOCTHOT0 TOKA HA METAJUIMYECKOM I[HINH/APE

2.1.1 BeimoaHuM 0030p UCHOJB3YEMbIX ISl PEIICHMs 3a/lay 3JIeKTPOINHA-
MUKH METOJIOB Ha MpUMepe pelieHus 3aauu Judpakiuy MIOCKON JTUHEHHO MOJIs-
PHU30BAHHOM BOJIHBI HA KPYrOBOW METAJUIMYECKUHA UWIMHIApP. MonenupoBaHue
CTPYKTYpPbl TOBEPXHOCTHOTO JIEKTPUUYECKOr0 TOKA, BO30YKIa€MOro MpH 3TOM Ha
KPYrOBOM METAJUTMYECKOM LWIMHAPE, OTHOCUTCS K AU(GPaKUMOHHBIM 3ajlayam
anekTpoauHamMuku. Kiiaccuueckuili moaxoa K pemieHuro AUQPPaKIUOHHBIX 3aaad
MIPUKJIAJHOM DJIEKTPOJMHAMUKA OCHOBAaH HA METOJAX, MO3BOJISIOLIUX MOJYYUTh
pelieHre B 3aMKHYTOM aHaimuTuueckoM Buje [1-4]. lo sper D9BM cymiectBoBaio
ONPENIEIEHHOE YHUCIIO UACATU3UPOBAHHBIX 33/1a4, PEIIAEMBbIX KJACCHUECKUMU aHa-
JUTUYECKUMU METOJIaMHU WU MPUOIMKEHHBIMM METOAaMHu (METOJ BO3MYILEHHS,
ACUMIITOTUYECKHE METObl, BAPUALIMOHHBIE METO/IbI U JIp.), OCHOBAHHbIE HAa HAJIU-
YUY TOTO WIX MHOI'O MAaJIOro napamerpa. B aToMm ciydae pelieHue 3akio4aioch B
TOYHOM WU NPUOJIMKEHHOM aHAIMTUYECKOM MPEICTABICHUU HEKOTOPBIX BEJIH-
4yuH 4epe3 u3BecTHble GyHKUMU. C pa3ButueM TexHukd CBY npoucxonur yciaox-
HEHUE TPAHUYHBIX TOBEPXHOCTEH PEryJspHBIX JIMHUN NEeperayu, NOABISIIOTCA 00-
Jiee cloXKHasl AeMeHTHas 0a3a u HoBble BUABI aHTeHH. Kpome Toro, nporpecc co-
BPEMEHHOW BBIYMCIUTEIBHON TEXHUKHU JAJl HOBBIM TOJYOK PA3BUTHUIO psifia pas3fe-
JIOB MAaT€MaTUYECKONW (PU3MKU U BBIUMCIUTEIBHOM MaTeMaTuKH. s 35ekTpoau-
HaMUKH, B YACTHOCTH, paCIIMPUIICS HaOOp 3a7ay, MOJJAIOUIUXCS pacyeTy, U U3Me-
HUWJICS MOJXOJ K MX pemieHnto. Hanbonee BakHOM TeHIEHUUEN SBISETCA BCE BO3-
pacraroliee 3Ha4YEHNE BBIYMCIUTEIBHBIX METOJIOB, ONMPAKOLIMXCS HA UCIIOJIb30Ba-
Hue OBM. Oto naer Oonee MHUPOKUE BO3ZMOKHOCTH, TaK KaK HE OrpaHUYMBAETCS
IIPUMEHEHUEM KECTKUX HJCAIN3UPOBAaHHBIX cxeM. CBeleHHME 3aJayd K HWHTe-
IpajJbHOMY YPaBHEHHUIO WJIM CUCTEME JMHEHHBIX alre0pandyeckux ypaBHEHHUH npu
HaIM4uu 3()PEKTUBHBIX AITOPUTMOB pelIeHUs 3TUX ypaBHeHUI Ha DBM uacrto
0oJiee MPENNOYTUTENBLHO U J1aeT 0oJjiee TOYHBIE PE3yJbTaThl, YEM KIIACCHUYECKHE
AHAJIUTUYECKUE METO/BI.

2.1.2 V3 cka3aHHOTrO BBIIIE CIAEAYET, UTO JJIsl penieHus AUGPaKkIMOHHBIX 3a-
Ja4 MOTYT OBITh MCIOJB30BaHbI JIMOO aHAIUTHYECKHUE, JINOO YMCICHHBIE METO/IBI.
Bb160op TOro mian MHOro MeToja onpezensercs GopMoil MOBEPXHOCTH PacCenBar0-
niero tena. B ciryyae, korjga moBepXHOCTh COBIIAIAET C OJHOM M3 KOOPIMHATHBIX
ocell, BO3MOYKHO ITPUMEHEHHUE AHAJIUTHYECKUX MeTon0B. Ilomyyaemoe mpu sTom
pElIeHHE BbIpaXkaeTcsl B 3aMKHYTOM (opMe, T.€. B BUE (HOPMYJIbI, TO3BOJISIOMIEH
MOJICIUPOBATh CTPYKTYPY MOJIsl B MPOU3BOJIbHOM Touke [1]. LleHHOCTh 3THX MeTo-
JIOB COCTOUT B TOM, YTO ITOJYYEHHBIE C UX IOMOLIBIO PENIEHUS NO3BOJSAIOT JTy4IlIe
MOHATH MPUHLMUIIBI B3aUMOJACHCTBUS 3JIEKTPOMArHUTHOTO MOJIsI ¢ OOBEKTaMH, a
TaK)Ke MPUOIU3UTENBHO MPEACKa3aTh XapaKTep BO3MYIIEHHOIO Mo ajisi Oolee
CJIIOKHBIX reomeTpuid. OHAKO YHMCIIO MOBEPXHOCTEM, IJI1 KOTOPBIX BO3MOXHO I10-
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Jy4YeHUEe aHAIMTHYECKOr0 PEIICHMs], OIPaHUYEHO, HallpUMEp, IIIOCKOCTh — JAeKap-
TOBa CHCTEMa KOOPJAWHAT, KPYTOBOHM IWIMHIp, KIWH — HUJIMHAPUYECKas cUCTeMa
KoopauHaT, cdepa, map — chepudeckas cuctrema koopauHat. Tena, s KOTOPBIX
BO3MOKHO TOJIyY€HHE aHAJTUTHYECKOTO PEIICHHUs, Ha3bIBAIOTCA KAHOHUYECKUMU
[1].

JIist perieHusl MpaKTHYECKUX 3a/lad TOYHBIC AHATUTHYCCKUE METOJNBI HC-
MOJI3YIOTCS KpaniHe peako. LIleHHOCTh 3TUX METOI0B, OJJHAKO, COCTOUT B TOM, YTO
MOJIYYCHHBIE C WX IOMOIIBIO PENICHUS IO3BOJSIOT JIYYIE TMOHSATH TPUHIIAITHI
B3aMMOJICHCTBHSI JIEKTPOMAarHUTHOTO OIS ¢ 00BEKTaMH, a TakKe MPUOTU3UTEINb-
HO MpeJCcKa3aTh XapakTep BO3ZMYUIEHHOTO MoJisA sl 0oJiee CIIOKHBIX T€OMETPHUH.
Kpome Toro, umeroiiue ToUHOe pelieHre 3a1auu SBISI0TCS 3TaIOHHBIMHU, T.€. C UX
MTOMOIIEI0 MOYKHO OIEHUTh TOYHOCThH PEIICHUH Ha OCHOBE MPUOIMKCHHBIX METO-
TIOB.

2.1.3 Jlns paccMOTpeHHst OOLIHOCTH U Pa3JInYUil U3BECTHBIX METOJIOB MpE/I-
CTaBMM peIICHHUEe JUPPAKIIMOHHON 3a/1a4i B BUJIC COBOKYITHOCTH perneHui [1]:

N N
E :zann, H :zCanl (1)

riae C, - HeU3BeCTHbIE KOI(D(DUIIUEHTHI.

[Ipy TakoM 3amuCH peuIeHUsl pa3jiMurie METOJ0B COCTOUT B TpeOOBaHUSAX,

. |
HAKJIa/IbIBAEMBIX Ha cucTeMy QyHKud En, Hn I

| |
- hyHKIMH ‘En Ju Y1 CBsI3aHBI ypaBHCHUsIMM MakcBeluIa;

| ;
- pynkunn ‘En JU T1n  He CBsI3aHBI ypaBHCHUsIMH MakcBeiuia, HO yHOBIIe-

TBOPSAIOT TPeOyeMbIM TPAHUYHBIM YCIOBHSIM MU 00Ja/1al0T HEKOTOPBIMH CBOMCTBa-
MU (HarpuMmep, MOJHOTHI, a PYHKIIMHU U3 JAHHBIX CUCTEM SIBISIFOTCSA KO3 (ULIUEH-
tamu Dypee).

[lepBoMy MOAXOY COOTBETCTBYIOT aHAJIUTHUECKUE METOMABI perieHus (Ha-
MPUMEP, METOJ COOCTBEHHBIX (DYHKIIHIT), BTOPOMY — YHUCIIEHHBIE METO/IBI.

TpaauIMOHHO YKCIIEHHBIC METO bl pa30MBaIOTCS Ha JBa Kiacca [1]:

— TPOCKIIMOHHBIE;

— JUCKPETH3AIHOHHBIE.

[TpoekMOHHBIE METOJBI «IPOCIUPYIOT» (PACIpPOCTPAHSIOT) pEIICHHE, Jie-
’Kallee B HEKOTOPOM OECKOHEYHOMEPHOM (DYHKIMOHAIBHOM MPOCTPAHCTBE, Ha
KOHEYHOMEpPHOE MOJANPOCTPAHCTBO, OMpPENEIsieMOe CUCTEMOM Oa3ucHbBIX (Ipoo-
HBIX) pyHKIMNA. J{HCKpeTH3allnOHHBIE METOIBI UIYT pelIeHHe TUO0 Ha HEKOTOPOM
MHO>KECTBE TOYEK, BBIJIEJICHHBIX B 00JacTH, JTMOO HE HEKOTOPOM MHOKECTBE IO-
nobnacteil. K mpoeKkunoHHbIM METOJJaM OTHOCSTCS: METOJT MOMEHTOB U €r0 pa3Ho-
BUAHOCTH — MeTo byOHoBa-I'anepkuHa, METOJ HAMMEHBIINX KBAJAPATOB, METOJ
Panes-Putiia u ap. K auckpeTH3anmoHHBIM METOJaM TPaJUIIMOHHO OTHOCST pa3-
HOCTHBIE METOJIbI: METOJ KOHEYHBIX PA3HOCTEH, METOJ| CETOK, METOJ KOHEUHBIX
AJIIEMEHTOB U JIp.
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Crnenyer mog4YepKHYTh, YTO HEKOTOPbIE METO/bl UMEIOT YEPThl KAK MPOECK-
LIMOHHBIX, TaAK U JMCKPETU3ALMOHHBIX METO/OB, HAlPUMEP, METOJ KOJIJIOKALUM,
METOJ1 YACTUYHBIX 00JIaCTEM.

2.1.4 Tlpu BBIOOpE MeTOJa pElIeHUs] KpaeBbIX 3ajJa4y 0co00e BHUMaHHE 00-
paiaercsi Ha COOTHOIICHHE JUTMHBI BOJHBI A W XapakTepHOro pasmepa L Tterna.
PasnuuaroT Tpu xapakTepHbie odnactu [1, 2]:

- KBa3MCTaTUUECKYIO (PINIEEBCKYI0) 00nacTh, korma L/ A <<1;

- pe3oHaHCHY obnacte, korna L/ A ~1, a mapamerpsl cpeapl MOTYT OBICT-
PO MEHSTBCS Ha pacCTOSIHUU, PABHOM JIJTUHE BOJIHBI;

- KBa3HONTHYECKYIO 00JacTh, Korna L/ A >>1, a mapamerpsl cpejibl MeHs-
I0TCS MaJIO Ha PaCCTOSIHUU, PABHO JIMHE BOJIHBI.

B kBazucratuyeckoi oOnactu pelleHue ypaBHeHM MakcBeiia npeacTaB-
JISETCS B BUJIE Pa3JIOKEHHs BEKTOPOB MoJis B psj 1o crenensM KL, T.e. mo manomy
napameTpy 3ajadd. TakuM MyTeM 3JIEKTpOJMHAMUYECKas 3ajaya CBOAMUTCS K IO-
CJIEI0BAaTEIbHOMY DEIICHUIO psJa 3JEKTPOCTATHUECKUX M MarHMTOCTATUYECKUX
3anay. [lepexon K cTaTMUEeCKUM 3ajja4aM JaeT YIPOLIEHUE 3a CUET ABYX (haKTOPOB:
BO-TIEPBbIX, CKAISIPHBIE 33J]Ja4l CKAJSIPHBIE, a, BO-BTOPBIX, MOJIy4aeMble MIPU 3TOM
YpaBHEHUS JIEKTPOCTATUKU - ypaBHeHUs Jlarutaca u IlyaccoHa — mpoie ypaBHe-
Huii ['enbmronsia. Hepocratkom siBasieTcst TOT (DakT, YTO B MPAKTUUECKUX 3aj1a-
yax JIaJIeKO HE BCErJla yAaeTcsl aHaJIUTUYECKU PEelInTh ypaBHeHue Jlamnaca u npu-
XOIUTCS PUOEraTh K YUCICHHOMY PEIICHHUIO.

Pe3onancHast oOnacTe HauOoliee CIIOKHA ISl UCCIENOBaHUSA, MOCKOJBKY
3/1€Ch TPEOYIOTCSI CTPOTME METO/IbI pellieHus ypaBHeHUN Makcpea. [[ns momyde-
HUS TAKUX PEIICHUH Yallle BCEro UCHOIb3YIOTCS Ba OJM3KUX aHATUTHYECKUX Me-
TOAA: METOJ pa3/iefieHUusl MePEeMEHHBIX (METOJ] COOCTBEHHBIX (DYHKIUMN) U METO]
MHTErpajbHbIX peoOpazoBanuil. [lpu ucnoap30BaHNM TaHHBIX METO/IOB MOAOUpa-
eTCsl cUcTeMa KOOPAMHAT, Takas, YTOObl IPaHUYHBIE MOBEPXHOCTU WJIM MOBEPXHO-
CTH PaBHBIX MAPAMETPOB CPE/Abl COBMAAIU C KOOPAUHATHBIMU MOBEPXHOCTSIMU. B
BBIOpAaHHOHN CHCTEME KOOPJIMHAT OTHICKMBAIOTCS PELIEHUs OJIHOPOJHOTO ypaBHE-
Hus ['enbMronbia. OTH pelmieHus Mpyu ONpeeIeHHbIX YCI0BUAX 00pa3yIoT MOJIHbIE
OpPTOrOHAJIbHBIE CUCTEMBI (DYHKIIHMM, IO KOTOPBIM pELIEHUE HEOJITHOPOIHOTO ypaB-
HEHUSI MOXET OBbITh Pa3ioKEeHO JTUOO0 B psij (METOJ COOCTBEHHBIX (PYHKIIHIT), TMOO
B MHTErpajl (MeToJ MHTErpalbHbIX IpeoOdpa3zoBanuil). [lonyyaemoe B aHanuTHue-
CKOM (popMe MOJIHOE pelIeHUE 3aJauM CIPABEJIMBO BO BCEX TPEX XapaKTEpHBIX
obOnactsax. HegocratkoM METOOB SIBASIETCS TO, YTO OHM MPUMEHHMMBI TOJBKO MPHU
OY€Hb MPOCTON (PopMe rpaHUYHBIX TOBEPXHOCTEN WIIM MOBEPXHOCTEH paBHBIX Ia-
pamMeTpoB Cpebl.

['paHnyHbIe 33724l MOKHO TaK)K€ CBECTU K HMHTErPajbHbIM YpaBHEHHSIM.
WHuTerpanbHble ypaBHEHHS] MOKHO COCTaBUTh ISl T€N MPAKTUYECKHU 000U (op-
Mbl. HaknagpiBarorcs nuib ciiabble OrpaHUYeHHs], TPeOyIolue B ONpenIeeHHOM
CMBICIIE TJIAJJKOCTH MOBEPXHOCTH. VHTerpajibHble ypaBHEHHs IO3BOJISIOT pac-
CMOTpETh BOMPOCHI CYIIECTBOBaHUS PELICHUN I'paHUYHBIX 3ajady. Bmecte ¢ Tewm,
MCIIOJIb3Ysl XOPOIIO pa3pabOTaHHbIE METO/Abl YUNCIECHHOTO PEIIEHHUs UHTETpaTbHbIX
YpaBHEHUH, CTPOSITCS aJlTOPUTMBI PELIEHUSI HEKOTOPBIX KJIACCOB IPAHUYHBIX 3a/1a4
(mMpenMyI1eCTBEHHO BHEIIHUX).
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KBasuontuka — Hanbosiee MHOr0OOCIIAIOIINI U pPa3BUBAIONIUNACS B HACTOS-
niee Bpems pasien AEKTpoaAuHaMuKu. KBazmonTuyeckue METoabl MOXKHO pasjie-
JUTh HA JBE TPYNIIbI: aCUMITOTUYECKOE MCCIEAOBAHUE TOYHBIX PEIICHUH, MOTY-
YEHHBIX METOJOM COOCTBEHHBIX (PYHKIMN WJIM UMHTETpaIbHBIX MpeoOpa3oBaHuil, U
MOCTPOEHUE HBPUCTUUYECKUX METOJOB C NPHUBICUEHUE PA3IMYHBIX (PUINYECKUX
unen. Cpean dBpUCTUYECKUX METOA0B BBIIECISIOT JIyYeBbIE U BOIHOBBIE. KBa3uor-
TUYECKHUE METObI MO3BOJISIOT PellaTh 3HAYUTEIBbHO O0Jee MIMUPOKUNA Kpyr 3ajad,
4yeM TouHble. TeHAEHIMsS 3/1eChb TaKOBa, YTO KBA3WMONTHKA Bce OMMKe U OJmxKe
MOJXOJIUT K PE30HAHCHOM 00JIacTH.

[TockonbKy B Ka4eCTBE HCCIIEyEMOr0 0ObEKTa BBICTYIIAET TOBEPXHOCTHBIN
ANEKTPUUECKHUI TOK, BO30YK/IaeMblii HA HECYILIEH KOHCTPYKIMH B BUJI€ KPYTOBOTO
METAJIMYECKOr0 NHUIMHApa aHTeHHbl CBY-nnana3zona, T0 monepedHsle pa3Mepsl
LHUJIMHApPA CONOCTABUMBI C JUIMHOW BOJHBI. Clie10BaTENbHO, AJIsI MOAEIUPOBAHUS
CTPYKTYpPBI TOJII MOTYT OBITh MCHOJIb30BaHbl MO0 MpsIMblEe METOJbI, HApUMED,
METO/1a pa3/ieJIeHUsl IEPEMEHHBIX, JIMOO METOJ UHTETPaIbHbIX YPaBHEHUI.

2.2 TIocTaHOBKA 32244 0 HAXO0KICHUH
IUIOTHOCTH MOBEPXHOCTHOI0 YJIEKTPUYECKOT0 TOKA
HA KPYTrOBOM IIWJIHHApeE

2.2.1 TlocTaHOBKa KpaeBOM 3a/1a4u 3BYUHUT CJICAYIOIIMUM 00pa30M.
[IycTh Ha OECKOHEUHBI KpYyroBOW MWJIMHIP paguyca a, MOMEIIEHHOTO B

CBOOOIHOE IPOCTPAHCTBO, NAJAET C HANPABICHUs, XapaKTEPU3YyEeMOIO YyriaMu

—naa —nan
0, =90°,¢, , m1ockas >nekrpomarautHas Bonmaa {E ,H  }.

Ha MOBCPXHOCTH KPYIrOBOIo MCTAJUIMYCCKOT'O MUJIMHAPA BBIIIOJHAIOTCA I'pa-

HUYHBIC YCIIOBUS JIJIS1 UI€ATBbHO MPOBOSAIICH TOBEPXHOCTH.
=9 .
TpeOyercst HATH TOBEPXHOCTHBIN JIEKTPUUECKUM TOK | , BO3OYXKIaeMbli

Ha KpPyrOBOM LMJIMHAPE JaHHOM 3JIEKTPOMArHUTHOW BOJIHOM.

2.2.2 JIna GOpMyIHPOBKH PEIICHUS YUYTEM, YTO MOBEPXHOCTHBINA DJIEKTPHU-
YECKUM TOK ]3, BO30Yy’KJJa€MbIii HAa KPYroBOM LMJIUHAPE, CBSI3aH C MATrHUTHBIM
MOJIEM TAIAFOIIEH BOJHBI C TOMOIIBIO TPAHUYHBIX YCIIOBHIA [4, 5]:

I
j =[H.n], )
r7Ie N - BEKTOp BHEIIHEH HOPMaJIH K TIOBEPXHOCTH IMJIMHIPA;
— —m@max —pac
H=H +H (3)
—pac
H - paccessHHoe (BTOpHUYHOE) TOJIE.

Takum 00pazom, ANIEKTPOAMHAMUYECKAS 3a]a4a CBOAMTCS K OMPEIACICHHIO
PaCCEeSTHHOTO 3JICKTPOMArHUTHOTO TOJIsA B JaJIbHEH 30HE B TOYKE MPOCTPAHCTBA,
xapaktepuzyemoit yriaamu 6 =90°,¢.

[lpu pemieHUH MOCTABICHHOW 3ajlaud IEJIECO00Pa3HO paccMaTpUBaTh J1Ba
CITydasi MOJISIPU3AIInK MaIAroIeii BOIHBI OTHOCHTEIBHO ocu 0Z:



a 0
Pucynok 1 — I'eomerpus 3amaun

1) BekTop E napauiesnen ocu 0Z (pucynok 1,a);

2) Bextop H mapamienen ocu 0z (pucynoxk 1,6).

OOmuit cnyyail MPOU3ZBOIBHON MOJSIPU3AMKM TAJAONIEH BOJHBI MOXET
OBITh MOTYYEH CYNEePIIO3UIIMEH TaHHBIX THIIOB MOJICH.

2.2.3 Jlns mosydeHus: pelIeHrs BBEIEM CHCTEMY IIMIIMHIPUUYECKYIO KOOPIH-
HaT Op@Z takum oOpa3om, 4ToObl ock 0Z coBmagana B HampaBisIOMIEH OECKO-
HEYHOTO KPYroBoro nuinHapa. [IoCKONbKY HUIHHIP SBISETCS OCECUMMETPUIHBIM
TEJIOM, TO MOXXHO TMOJlarath, YTO IUIOCKAas BOJIHA TMPHUXOAWT C HaIpaBICHUSA
¢y =0°. Kpome Toro, nmockonbky 6, =90°, To 3amaua MoxeT OBbITb CBEJEHA K
wiockomMy ciydaro. C ydeToM BBIIIECKa3aHHOTO MPOEKIIMH BEKTOPOB TOJS Ia-
JAroIIel BOJHBI Oy1yT HMETh BU/I:

- JUIA ciiy4as najaeHus E-Tosipu30BaHHOMN BOJIHBI:

E,;* = E,exp(-ikrcosp), H,=0, (4a)
- U1 ciiy4as najaeHus H-IoJsspu30BaHHON BOJIHBI:
E :
H % = =% exp(—ikr cosg), E, =0, (46)
Wo
rae Ey - ammuuryna HanpsoKeHHOCTH 2JEKTPUUYECKOrO IMOJs B Majarolien
BOJIHE;
W, =1207r =377 OM — BOJHOBOE COIpPOTHUBIEHHE CBOOOJHOIrO IpO-
CTPaHCTBA;

k=27/A - BOIHOBOE YKCIIO CBOOOHOTO MPOCTPAHCTRA,
A - pabouas nyMHA BOJIHBI B CBOOOTHOM TMPOCTPAHCTBE;
| =+/—1 - MHUMAS eqUHULLA.

Crporoe peuieHne TUPPaKIUOHHON 3a7a4ul CBOAMTCS K PELICHUIO ypaBHE-
HUM MakcBesia npH 3a/laHHbIX TPAHUYHBIX YCJIOBUSX JUIsl COCTAaBISIOLIUX AJIEK-
TPOMArHUTHOTO MOJISl HA MOBEPXHOCTH LIMJIMHJpa U Ha OecKOHEeYHOCTU. B kavecT-
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BE TPAaHUYHBIX YCIOBUH BBICTYMaeT TPeOOBaHME HEMPEPHIBHOCTU KacaTeNbHBIX K
MOBEPXHOCTH MHIJIWHAPA COCTABISIONINX BEKTOPOB PE3YIbTUPYIOLIETO DIEKTPO-
MarHuTHOTO TOJIA Ha MOBEPXHOCTU IuiMHIpa. Ha GeckoHeuyHoCTH (I — o0) BTO-
pudHOE (paccestHHOE) MOJie JTOJDKHO YAOBJIETBOPSITh MPUHIIUITY U3JTyYeHus (ycio-
BusM 3oMMepdenbaa) [4]:

lim r(a—u+ik0uj:0, (5)

r—o0 ar
rae U= EQ’EQNHQ’H@'
PaccessHHOE moOJIE yAOBIIETBOPSIET NBYMEPHOMY ypaBHEHHIO [ enbmrosblia,
KOTOPOE B IIWJIMHIPHUYCSCKOMN CHCTEMe KOOpIMHAT uMeeT Buj [4]:
- JUIS cilyvas najieHus E-Toasspu30BaHHON BOJIHBI:
pac 2 = pac
1 5 re} 1 0°E;

B LB e g 6a
r or 2 0¢p? z (6a)

- JUIS cilyvas najeHus H-1noJisipu30BaHHON BOJIHBL:

pac 24 pac
L5 rHa—Z +izaaH—22+k2H;’“C=o. (66)
r r r (0]

['paHnyHbIE YCIOBUSA IJI IMOJHOTO IOJISI HA IMOBEPXHOCTU OMPENECIISIIOTCA
BhIpaXCHHUSIMHU [4]:
- JUIS cilyvas najieHus E-Toasspu30BaHHOM BOJIHBI:

majg _
E,* +EM =0 . (7a)
r=a
- U1 ciiy4as najaeHus H-IoJsspu30BaHHON BOJIHBI:
)
nang pac

o(H ™ + HPw )

or r=a

=0. (76)

Takum o6pa3zoM, B O0IIEeM ciyyae pelIeHHUE 3a7ayl OINpeseeHUuss BTOPHUY-
HOT'O 3JIEKTPOMATrHUTHOT'O MOJIsi, BOSHUKAIOUIETO B JajdbHEH 30HE, GOpMyIHpyeTCs
B BUjE AU(depeHInanbHOro ypaBHeHHsI BTOporo nopsiaka. Pemenue 3agaun Oy-
JIET OCYILECTBIIATh IBYMsI CIOCOOaMMu:

- C UCIIOJIb30BAaHUEM METO/1a COOCTBEHHBIX (PYHKUMU (YaCTHBINA ciaydail Me-
tona dypee);

- C UCIIOJIb30BAHUEM METOJA MHTEIPAIbHBIX YPABHEHUN U NAJIBHEUILIEHN pe-
OYKIAEN METOAOM KOJUTOKALIUH.

Taxoit noaxoa o0ecneuynT BO3MOXKHOCTh CPAaBHEHHSI TOUHOCTH U BPEMEHHbBIX
3aTpaT NpU UCIIOIb30BAHUN AaHATTUTUYECKUX METOJOB U YHCIEHHBIX METO/IOB.
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2.3 O01ee onucaHue pelieHUs] KPaeBoil 3a1a4un
Ha OCHOBe MeToAa Dypbe

2.3.1 Kak u3BecTHO, Hanpumep, U3 [4], 1 pelieHns KpaeBbIX 3a7a4 dJIeK-
TPOJAMHAMUKH pa3pabOTaHbl U MPUMEHSIOTCS Pa3IMYHbIE METObI, YCIOBHO pa3e-
JIsieMble Ha TPU TPYIIIbI:

— CTpOTHUE;

— NpUOIM>KEHHBIE;

— YHCJICHHBIE.

K OCHOBHBIM JOCTOMHCTBAM pEILIEHHUS, MOJIYYEHHOTO C HCIOJIb30BaHUEM
CTPOTMX METOJIOB, SIBISIETCS €ro aHajJuTUyeckas (opma, cripaBeiuBas MpU JO-
OOM COOTHOILIEHHH MEXIY pa3MepaMH paccMaTpUBaeMOro OOBEKTa U IJIMHOUN
BOJIHBI. [loslydeHHOE NP 3TOM pellIeHHE YAOBIETBOPSIET BCEM TPeOOBAaHUAM TEO-
peMbl eAMHCTBEHHOCTH. CleyeT TakKe OTMETHTh, UTO pellast OJHY U Ty e 3aja-
4y JPYTUM CTPOTMM METOJOM MOXHO MOJIyYUTh €€ pelieHue B JIpyrol gopme.
[Ipu 3TOM 3TO BCero auuib Apyras (opma 3arucu TOro ke PelieHus], APyroe npei-
CTaBJICHHE TOU ke QYyHKIHUU.

[Ipy MOCTPOEHMHM CTPOTOro pPEHICHHs 3JIEKTPOJAMHAMHYECKON 3ajauu ee
MPEeABAPUTEILHO CBOIST MO0 K pelleHn0 Tu(PepeHnalIbHOIO YpaBHEHUS B Ya-
CTHBIX MPOU3BOAHBIX, TUOO K PEIICHUIO0 UHTETPAIbHOTO ypaBHEeHHUs. 3BecTHO OT-
HOCHUTEJIBHO HEOOJIbIIIOE YHUCIO CTPOIMX METOJOB PELICHUS KPAeBbIX 3a/1ay dJeK-
TpoauHaMHKH. K HMM, B 4aCTHOCTH, OTHOCATCS [4]:

- metox Dypse;

- MmetoA ['punbepra;

- METOJ MHTETpAJIbHBIX PE0Opa30BaHUM;

- Meto Bunepa-Xongda-dPoxka;

- METOJ| Pa3BETBIICHHBIX PEIICHUN;

- METO/l, OCHOBaHHBIN Ha MOCTpoeHUH PyHKuu ['puHa.

Cyl1ecTBYIOT U Ipyrue CTPOrue METOIbI.

2.3.2 TlockonbKy METOJ COOCTBEHHBIX ()YHKLIMHA OTHOCUTCS K MeToay Dy-
pbe, TO OCTAaHOBUMCS Ha OoJiee MOJPOOHOM €ro paCCMOTPEHHH.

Meton ®ypre OCHOBaH Ha BO3MOKHOCTH NMPUMEHEHHUS K 3ajayaM MaTema-
TUYECKON (PU3UKH MPUHILIMIA Cyneprno3uliuu [4]. B cOOTBETCTBUHU € 3TUM HPHUHIIM-
oM Jto0asi JIMHEHAs KOMOUWHAIUS PelIeHU OJHOPOAHOrO JuHeHHoro audde-
PEHIMANIBHOTO YpaBHEHHUS B YACTHBIX MPOU3BOJHBIX TAKXKE SIBISIETCS pPELICHUEM
ATOr0 YpaBHEHHUS.

[Tycts, Hanpumep, pyHkmmu U=U,, N=012,... IBIAIOTCS pelICHUIMHU JIU-

HEWHOTO YPaBHEHUS B YACTHBIX MPOU3BOIHBIX
L(u)=0. (8)
Torga u cymma

s=3u, )
n=0

TaKkke Oy/JeT peleHueM 3TOr0 ypaBHEHUS, €clii, KOHe4YHo, psaf (9) cxoaures Ta-
KUM 00pa3oM, 4TO BO3MOKHO NIEPECTAHOBKA onepatopos L u X.
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AHaJIOrM4HO, €CIM 4YacTHbIE pemeHus U =U, ypaBHeHus (8) HempepbIBHO
3aBUCAT OT HEKOTOPOro mapameTpa V, M3MEHsSIoImerocs B uHrepsaie (y,7), TO
IIPU BBIMOJTHEHUU COOTBETCTBYIOIIMX OUYEBHUIHBIX YCIOBHUI HHTETpal

T
| = j u,dv (10)
X
TaKXke OyJIeT ABISThCS pelieHreM ypaBHeHus (8).
Orpannuumcs uznoxkeHruem cxembl Metoga dypwe s 3aga4, KOTOPhIE MO-
I'yT OBITh CBEJICHBI K pelIeHHI0 TU(PdepeHIIMaTbHOr0 YpaBHEHUS

1 {ip(x)g—u—q(x)u}+Myu:0, O<x<b,c<y<d, (11)
X

r(x) (ox
rae M - nnddepeHimanbHbIi onepaTop Buaa
2
My:Aa—2+Bi+C, (12)
oy oy

A, B, C - 3amaHHbIe IOCTOSTHHEIE,

p(X) u q(X) - HEMPEPBIBHBIC MOJIOKUTEIIbHbIC (PYHKIIMH, ITEpBas U3 KO-
TOPBIX UMEET HEMPEPHIBHYIO MPOM3BOJIHYIO, a BTOpas — 3aJlaHHas HempepbIBHAS
byHKUHSA.

VYpasuenue (11) e npeacrasusier coboil Haubosee 001Iero ypaBHEHUs BTO-
pOro MopsiiKa ¢ AByMsI HE3aBUCUMBIMH TIEPEMEHHBIMH, KOTOPOE JOMYCKaeT pas3e-
JICHHWE TIEPEeMEHHBIX, OJTHAKO OHO BKIJIIOYAET, KaK YaCTHBIE CIIy4an, Haubojee 4acTo
BCTPEUAIOIINECs YPaBHEHHS JICKTPOANHAMHUKH.

2.3.3 lna pemenust ypaBHeHus (11) mpenmosnokum BHauanie, Kak Hpejio-
*eHo B [4], uto uHTepBan (a,h) xoHeueH, U MOBEJCHUE pacCMaTPUBACMBIX ()YHK-

"(x X
I.II/Iﬁ Ha KOHIIax I/IHTepBaJIa TaKOBO, YTO KaXJI0€ H3 OTHOI_HeHI/Iﬁ p( ), q( ) nu
p(x)  p(x)
r(x)
(x) CTPEMUTCS K KOHEUHOMY TIpeieiy, Koraa X —>a u y —>b.
p

Meton ®@ypbe npumMeHsieTcs s pelieHusl OAHOPOIHBIX 3a]a4 MaTeMaTuye-
ckoit pu3uku. B cBsa3u ¢ 3TUM HcKkoMas GyHKIUS U JOKHA yIOBICTBOPATH ypaB-
HeHuto (11) 1 oJHOPOHBIM KpPaeBbIM YCIOBUSAM Ha KOHIIAX MPOMEXKYTKA U3MEHE-
HUSI OJTHOM M3 MepeMeHHbIX. bynemM cuutath, kak ¥ B [4], 4TO OAHOPOAHBIC Kpae-
BbIC YCJIOBHUSI BBITIOJIHSIOTCS HA KOHI[AX IpoMexyTKa (a,b):

ou
(aa&*’ ﬁauj‘ha =0
ou
an—+ BpU =0
( b o By j‘x—b

rne a,, Oy, PBa, P, - NOCTOSHHBIE, YaCThb U3 KOTOPBIX MOXKET PaBHATHCA

, (13)

HYJIIO.
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B wactHocTn, eciu o, =a, =0 u B, =B, =1, To u3 (13) cneayror oaHo-
POZIHBIE YCIIOBHSI IEPBOTO BUAA

Ulx—a =U4_p =0, (14a)
anpu o, =ap =1un B, =P, =0 - oqHOPOIHBIE YCIOBUS BTOPOTO POAA:

ou ou

&‘ x=a — &‘ x=b =0. (146)

Kpome kpaeBbix ycnoBuid (13) pyHKIus U JOMKHA TaKXkKe YIOBIETBOPSTH HEOJI-
HOPOJHBIM YCJIOBHSM, OTHOCSIIMMCS K IIEPEMEHHON Y . Bua 3TUX ycil0BUM CBA3aH

C MOCTOSAHHOM A, ompenenstolell npuHaaie)kHOCTh ypaBHeHus (11) k snmuntu-
YEeCKOMY, TUIIEpOOIMUYECKOMY WM NapaboIMueCKOMY THITY.

[Tpu A>0 (AIMNTHYECKHHA TUIT) ¢ JOCTATOYHOU JJISI TIPHIIOKCHHUH OOIIIHO-
CThIO MOYKHO CUHMTAaTh, 4TO yciaoBus (13) umerot Bua [4]:

ou
(70 & + 50“)‘ y=c = Y¢ (X)

ou ’
(Vd &+5duj‘y=d =0q(X)

TIE Yos Yds O¢y Oy - MOCTOSTHHBIE, YACTh U3 KOTOPBIX MOKET PABHATHCS HY-

(15)

J10;
9.(X), 94(X) - pynknum, 3ananssle B narepsane (a,b).
Cnyyan A <O (runepOonmueckuit Tun) u A=0 (mapabonmueckuii THIr) co-
OTBETCTBYIOT 33JladaM MaTeMaTU4eCKOW (U3HUKH, B KOTOPBIX MIEPEMEHHast Y Wrpa-

€T pOJIb BpEMEHHU C UHTEPBAJIOM M3MeHEeHHS (C,00). Y CIIOBHS, OTHOCSIIHECS K 3HA-
YeHHUIO0 Y = C, UMCIOT (POPMY HauaIbHBIX YCIOBU:

Uy—c = F(x) (16a)
WIH
ou
Uyee = 100, ]y=c =900, (166)
rae f(x), g(X) - 3amanHbie yHKIUN.
YactHoe perienue ypapaenus (11) umryt B Buze [4]:
u(x,y)=X(x)Y(y). a7)
[Moacrasmnss (17) B (11) u nens pesynbraT Ha npoussenenue X (X)Y (y), mo-
Jay4aem

1 |0 ou
r(x){axp(x)ax_q(x)u}_ M,

X (X) Y(y)

[lepeMenHble X U Y SBISIOTCS HE3aBUCHUMBIMH, CII€JIOBATENIbHO, 00€ YacTu

(18)

ypaBHeHUs (18) sABiAOTCS HE3aBUCUMBIMHM (PYHKIUSAMU. MIX paBEeHCTBO BO3MOMKHO
TOJIBKO B TOM CJly4yae, KOrja OHU paBHBI OJTHOM U TOH ke noctosHHOW. O003Hauas
ATy MOCTOSHHYIO 4epe3 v2, MPUXOAUM K JBYM OOBIKHOBEHHBIM Au(depeHunab-
HBIM YpaBHEHUSM:
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(PO)X())+2r(x) - () X () =0, (192)

MY (y) -v?Y (y) =0. 196)

W3 omHOpOAHBIX KpaeBbIX yciioBui (13) mis pyHkimu U(X,Y) ClIeayroT aHa-

Jorudneie yenoBus i Gynkiuu X (X) [4]:

a X'(d)+ B, X(a)=0

apX'(a) + B, X (a) :0}'

2.3.4 3anauy ompezeneHusi peuieHus ypaBHeHus (19a), ynoBineTBopsronux

OJHOPOJHBIM KpaeBbiM ycioBusiM (20), Ha3biBalOT KpaeBoil 3amaueit Llltypma-

(20)

JlynBunns [4]. IIpu npou3BOIBLHOM v 5Ta 3ajaua He UMeeT pELIEeHUs 3a UCKIIIO-
yeHneM TpuBHanbHOro X (X)=0. 3HaueHus V>, IpH KOTOPOM CYILIECTBYET HETPHU-
BUaJIbHOE perienue 3anaun llltypma-JIynBumis, Ha3bIBalOT COOCTBEHHBIM 3HAYe-
HUEM, WJIH COOCTBEHHBIM YHCJIOM, & COOTBETCTBYIOIEE PEHICHUE — COOCTBEHHOMU
¢yakuueid. COBOKYIMHOCTh COOCTBEHHBIX 3HAUEHHI 00pa3yeT CIEKTp JaHHOMU 3a-
Jauu.

[Tpu cnenaHHBIX BhIIE MpeAnonoxeHusx o pyukmusx r(x), p(x) u q(x) B
unTepBane (@,0) MOXHO MOKa3aTh, YTO CHEKTP 3aJa4yd OyaeT JUCKPETHBIM, CO-
CTOSIIIIUM M3 CYETHOTO MHOXKECTBA JCHCTBUTEIBHBIX COOCTBEHHBIX 3HAYCHUI
v=V, (Nn=012,...), K&)XI0My H3 KOTOPBIX COOTBETCTBYET COOCTBEHHAs (PYHKIIHS
X(X)=X,(X), ompeneneHHas C TOYHOCTBIO JO TPOU3BOJIHHOTO IOCTOSHHOTO
MHOXHTEIS.

CobGctBennble ¢pyHkuuu X, (X) oproroHanbHbl Ha mpomexyTke (a,b) c Be-
com r(x) [4]:

b
[re0Xa ()X (x)dx =0 mpu m=n. (21)
a

JIro0yto KycouHo-Tiaakyio B uatepBaie (a,b) dynxuuio f(X) moxHo pas-

JIOKUTH B P IO COOCTBEHHBIM QYHKIHAM X, (X)

f(x):ifnxn(x), a<x<b, (22)
rac "~
b
[r00 f 00X, (x)dx
f,=2— . (23)
[roox i (xdx

a
CoOcTBEHHBIE UNCIa U COOCTBEHHbIE (DYHKILUU JIETKO ONPEAEIAIOTCA, €CIU
IIPU MPOU3BOJIBHOM V H3BECTHA CHCTEMa JIMHEMHO HE3aBUCUMBIX PEIICHUIN ypaB-
HeHus (19a). [loacraBnsast oOuiee pelieHne 3TOro ypaBHEHUSI B KPaeBble YCIOBUS
(20), mpuxomsAT K OJHOPOTHON JTUHEWHOW CHUCTEME JUIS TIOCTOSHHBIX, a IPUPABHU-
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Basl HYJIIO ONPEAECIUTENb CUCTEMBI, OIYYalOT TPAHCIEHACHTHOE YPaBHECHHUE IS
ONpPEAECICHUS JOMYCTUMbBIX 3HAUYEHUM V .
Bropoit maOxuTens Y, (Y) HaxomgmTcs TOCKE ONpeneseHus COOCTBEHHBIX

(GyHKUMNA U COOCTBEHHBIX yucen 3aAa4u u3 ypaBHeHus (190), B koTopoMm HEOOXo-
JMMO TIOJIOXKUTB V =V,,.

[Tpu A+ 0 obmee pemieHre 3TOT0 ypaBHEHHsI MOXKET OBITh 3alMCaHO B (Op-
me [4]:
Yo (N =cPY P (y) + PV (y), (242)
rae C,gl) u C,(f) - IPOU3BOJIbHBIE TIOCTOSIHHBIE;

Yn(l) (Y) u Yn(z) (Y) - muHE#HO He3aBUCUMBIC peleHus ypaBHeHus (190).
Ipu A=0 omeparop M, sBasercs nudGepeHUMATbHBIM OTIEPATOPOM IIEP-

BOTO MOPsijiKa, U peinenue ypaBHerus (190) 3anuceiBaetcs B hopme [4]:
Y(y)=cpYn(y), (25)
rae C,, - Ipou3BOJIbHAs IOCTOSIHHAS,
Y, (y) - dyrkuus, ynosnerBopstonias ypaBaenuto (196) mpu A=0.

Takum oOpa3om, yacTHble pemieHus ypaBHeHus (11) ompepnensitorcs Bbipa-
xenueM [4]:

Uy (% Y) = X OOV, (9) = €OV D () + YD (y) X (x).  (26)

Perienne mpu 3ToM uiercs B Buje [7]:
U(X,y): Zun(X; y) (27)
n=0

[TocTostHHBIE C,gl) u C,(f) (n=0,1,2,...) BBIYUCIAIOTCS IOCJE IMOCTAaHOBKU
(27) B xpaessle ycnosus (13) u pasnoxenus pynkuuii g.(X) u g4 (X) B paasl Bu-
na (22) mo cobctBeHHBIM QyHKIHAM X, (X) .

2.3.5 OnucanHas METOJIMKA MPaKTUYECKU 0€3 U3MEHEHHI MOXKET ObITh pac-
MpOCTpaHeHa Ha cllydail, Korja uckomas (yHKIUS AOJDKHA YJIOBJIETBOPATH YCIO-
BusiM (16). EnuHCcTBEHHOE OTJIMYKME COCTOUT B TOM, UYTO B JJAHHOM CJIy4ae OJTHOMY
COOCTBEHHOMY 3HAYE€HHMIO MOI'YT COOTBETCTBOBATH JIBE JMHEHHO HE3aBUCUMBIE
coOCTBEHHbIE () YHKLIHH.

bonee cnoxHbIMU 17151 TpUMEHEHUs MeToJa Dypbe ABIAIOTCS Clydau, Koraa

P ax)
p(x) " p(X)

CTpeMHTCS K OECKOHEUHOCTH MpU NPHUOJIMKEHUU K OJHOMY MJIM K 000MM

untepBan (a@,b) OeckoHedeH, WM Kakoe-IMOO W3 OTHOIICHHUMN

r(x)
p(x)
KOHI[aM MHTEPBaJia U3MCHEHHUS MEPEMEHHON X (Ciydall OJTHOTO WJIU JIBYX CHHIY-
JISIPHBIX KOHIIOB). B 3THX cllydasx KpaeBoe yCIIOBUE, OTHOCSINEECS K CHHTYIISIPHO-
My KOHILy, WJIH K KOHIly X =D =00, kak mpaBwio, Helb3s 3aaath B ¢opme (16).
OOBIYHO €ro MOYKHO 3aMEHHUTh TPEOOBAHMUEM OTPAHHUUCHHOCTH PEIICHUS TPU MPH-
OJNMOKCHUH K CHHTYJISIPHOMY KOHITy. [Ipy pelieHnn BHENIHUX 3a7a4 3JICKTPOIHHA-
MHUKH B MPEIIOJIOKEHHUH, YTO paccMaTpuBaeMasl 4acTh MPOCTPAHCTBA 3alOJIHEHA
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cpenoii 6e3 moTeph, yciaoBHe Ha KOHIE X =D =00 00bIYHO HOPMYIHPYIOT B BUJC
ycioBus uznydeHus: 3ommepdenbaa (5). CylecTBeHHOE OTIMYUE PACCMOTPEHHBIX
paHee CliydaeB COCTOUT B TOM, UTO CIEKTP COOCTBEHHBIX 3HAUECHUN MOXKET OBITh
KaK JIUCKPETHBIM, TaK U HENPEPbIBHBIM, B 3aBUCUMOCTH OT CTPYKTYpbl YpaBHEHUS
U XapakTepa HajaraeMblX I'pPaHUYHBIX yciaoBui. [Ipu HempepbIBHOM CHEKTpPE Me-
HSIETCS CaM XapakTep PEellIeHUs, KOTOPOE B ATOM Clly4ae CTPOUTCS MyTEM UHTETpu-
POBaHMs YACTHBIX NMPOU3BOJHBIX MO MAapaMeTpy V, a JAJIid ONpe/ieJIeHUs HEU3BECT-
HBIX MHOXXHUTEJIEH, BXOASIIMUX MOl 3HAK MHTErpajia, UCIOJb3yeTcs anmnapar uHTe-
IPajJbHBIX Pa3IOKEHUH, 3aMEHSIOUIUX TEOPHUIO PAJIOB 10 COOCTBEHHBIM (DYHKIIMSAM
[4].

2.3.6 TakuM 00pa3zoM, JJid PelIeHHs] KPAaeBbIX 3a/1a4 AIEKTPOJUHAMUKHA Me-
ToioM Pypbe HE0OXOAMMO BBIMIOJIHEHHUE OIpEAeNIeHHbIX TpeOboBanuid. st BHel-
HUX U BHYTPEHHUX 33/a4 3TU TpeOOBaHUS UMEIOT HEKOTOPBIE OTIMYHSI.

Jlisi BHYTpEHHUX 3aJady HEoO0XO0auMO, 4YTOObI paccMaTpuBaemasi 00J1acTb
ObLIa OrpaHUyYeHa KOOPJAMHATHBIMHU MOBEPXHOCTSIMU CUCTEMBI KOOPJIHUHAT, JOIYC-
Kalolllel pa3jeneHre nepeMeHHbIX B ypaBHeHUH ['enbMronbiia (0MHON WM ABYMS
KOOPJMHATHBIMU MOBEPXHOCTSIMU B Clly4ae JABYMEpPHON 0OJACTH U OJHOM, ABYMS
WM TpeMs B cllydae TPEXMEPHOI 00JIacTH).

JUisi BHEIIHMX 3aja4 rpaHulla paccMaTpuBaeMol oO0JacTH, Kak MpaBuio,
JOJI’KHA MOJHOCTHIO COBMA/AaTh C KAKOW-TMOO KOOPJMHATHOW MOBEPXHOCTHIO CHC-
TE€MbI KOOPJIMHAT, JIONYCKAaIOLIEH pa3jielieHue NepeMEHHbIX B ypaBHeHUU ['enbMm-
rojpa. VckiiroueHne cocTaBisiOT BHEIIHUE 00J1aCTH, KOTOPbIE MOT'YT OBITh MOJTY-
YeHbl MMyTEM MPEJEIbHBIX MEPEX0JI0B U3 HEKOTOPBIX BHYTPEHHUX oOjacTed. DTo
TpeOOBaHHUE CYIIECTBEHHO CY)KAaeT KJIAcC BHEIIHMX 3a/ay 10 CPAaBHEHMIO C KJlac-
COM BHYTPEHHMX 3aJa4, JJII KOTOPbIX MOXET ObITh MOJYyYEHO CTPOrO€ pEIICHHE
MeronoM Dypre. Meton Oypbe pa3paboTaH AJid pelieHus: OAHOPOIHBIX 3324 Ma-
TEMaTUYeCKOM (PU3UKH, KOTOpBIE CBOMASTCS K HHTETPUPOBAHHUIO OJHOPOJIHOIO
g depeHInanbHOro ypaBHEHUS IPU OJTHOPOJIHBIX KPAeBbIX YCIOBUAX OJHOM Ie-
PEMEHHOM.

2.4 PemeHue 321a4M HAXOK/IeHHUS pacnpeaeeHust
NMOBEPXHOCTHOI'0 TOKA B CJIy4yae NajeHust
E-nonsipu3oBaHHOMN IJIOCKOH BOJIHBI

2.4.1 Ilpu nageHuu Ha METAJUIMYECKUH KPYrOBOW LIMIMHAP TUIOCKOW 3JEK-
TPOMAarHUTHOM BOJIHBI E-ITOJISpU3aliMy B IAJAIOLIEM I10JI€ UMEETCS TOJIBKO OJHa
MPOJIOJbHAS COCTABIISAIONIAs TOJIsA, onpejesemMas cootHoieHueM (4a). Ilox Bo3-
JEHUCTBUEM MEPBUYHOTO MO Ha [WIMHAPE HABOASTCS MPOAOJbHBIE MOBEPXHOCT-
HBIE 3JIEKTPUYECKHUE TOKH, KOTOPBIE CO3/1al0T BTOPUUHOE E-TIOJSPU30BAHHOE HJICK-

—pac —pac
tpomarautHoe nojie {E- ,H" }. IIpu 3Tom nipojoibHast KOMIIOHEHTA BTOPHYHO-

ro MoJis yJI0BIeTBOpsieT ypaBHeHUIo [ 'enpmronbiia (6a). Ha moBepxHOCTH IMIIUH]T-
pa B CHJIy TPaHUYHBIX YCJIOBUH (7a) MpOJOJbHAS COCTABIAIOLIAs MOJHOIO 3JIEK-
TPUUYECKOTO TOJsi oOpamaercss B Hylb. Ha O€CKOHEYHOCTH TOKHO BBITOJHATHCS
ycioBue usnydeHus (5), KOTOpoe B JAHHOM Cilydyae dKBUBAJIEHTHO TPEOOBAHUIO,



17

YTOOBI IPU ' —> 00 BO BTOPUYHOM I10JI€ OBUIM TOJIBKO PacXOASIUECS OT LMIMHAPA
AJNIEKTPOMArHUTHBIE BOJIHBI, U HE ObLIO BOJIH, UIYIIUX OT OECKOHEYHOCTU K pac-
CMaTpUBAEMOMY LIUIUHAPY.

Kpome Toro, u3 ¢puznueckux cooOpaxeHU OYEBHUJIHO, UTO UCKOMas (PyHK-
s E, (r,p) momxna OBITH MEPUOAMYECKON C TEPUOAOM 27 W YETHOW OTHOCH-

TEJIBHO HAINIPABJICHUS () = @, T.€. IOJDKHBI BBIOTHATHCS COOTHOLICHUS [4]:
E,(ro+27)=E,(r,p), (282) E,(r,¢—go)=E,(r.p0~¢). (286)
2.4.2 B cooTBeTCTBHHU C CXeMOM pemieHus 3anaun MmetogoM Dypee pazmens-
€M nepeMeHHbIe B ypaBHeHuUU (6a). [lonaras

E7*(r.0) =R(r) (), (29)
[Tonyuaem u3 (6a) 1Ba ypaBHEHUSI B OOBIKHOBEHHBIX MPOU3BOIHBIX:
O*R(r) 16R(r) (,, VA
+= +|k* == [R(r)=0, 30a
or> r or r2 (1) (30a)
2

@) | \2gp(p) =0, (306)

6(02

r7e V — MOCTOSTHHAS pa3/ieTeHHs.
3amava lltypma-JIyuBuiis B JaHHOM CiIydae COCTOWT B HAXOXKJIECHUHM He-
TpUBHAIBLHOTO permeHus ypaBHeHus (300), ymoBieTBOpsroiIero yciaoBusMm (28).
3anuckiBas perienue ypaBHenus (300), 3amedaeM, 4TO yCIIOBHE MEPUOTUYHOCTH
(28a) MoxeT OBITh BBIOJIHEHO TOJIBKO mpu V=N, N=012..., T.e. 3a1a4a umeeT
JTUCKPETHBIA CHEKTp. 3HadeHuss N=-1-2... He NaT JIHMHEWHO HE3aBUCHUMBIX
(GyHKUMNA U MOTYT HE YUUThIBaThCs. TpeOys, 4TOOBI MOTYyYEHHOE PEIlCHUE YpaB-
HeHust (300) ymoBIeTBOpsUIO YClIOBUIO deTHOCTHU (280), HAXOAUM COOCTBEHHBIC
¢byHkuum 3aaaun [4]:
® = D(p) = A, cos(n(p —py)), N=012..., (31)
rne A, - IpOU3BOJIbHbIE TOCTOSHHBIE.
[Tockonbky mepemMeHHass a<r <oo, To penieHue ypaBHeHus (30a) ymoOHO
NpeCTaBUTh B BUE [6, 7]:
R(r)=B,H® (kr) + C,H? (kr), (32)

rne B, u C,, - mpou3BoibHbIE TOCTOSHHBIE;

H,gl) () m H,gz) (-) - cooTBeTcTBeHHO (GyHKIMU ["aHKENss N —Tro mopsaka

IIEPBOr0 U BTOPOr'O poAa.

Jliist BbIOOpa perieHus: UCnojb3yeM ycioBue usnydeHus (5). B coorserct-
BHUH C JTaHHBIM YCJIOBHEM HCKOMOE IOJIE TOJPKHO UMETh XapaKTEP BOJHBI, Pacipo-
CTpaHsIoNIecs B 0ECKOHEYHOCTh MO paJHalibHbIM HampaiieHusMm. U3 paccmorpe-
HUSI ACMMOTOTHYECKUX BhIpaXeHUH st pyHkiuii ["ankens [6]:

HY(2) ~ \/zexp{i(z _2n +17rﬂ : (33a)
iz 4

H ) (2) ~ \/zexp{— i(z _2n+ 1%)} , (336)
nz 4
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CIPABEJIMBBIX MPHU OOJBIINX 3HAYEHUSX apTyMEHTOB ‘Z‘ >>1; ‘Z‘ >>N, CIeAyeT,

yro cinaraemoe C H ,22) (kr) u3 (336) npu Kr — oo cooTBeTCTBYET BOJIHE, pacIpo-

CTpaHSIONICICS OT MCTOYHMKA (B JAHHOM cllydyae IWIMHJpA) Ha OECKOHEYHOCTD,
T.€. YJIOBJIETBOPSIET YCIOBHIO N3yueHus. Cie1oBaTeIbHo,

R(r)=C,H®(kr), n=012.... (34)

[lepemuoxkas BoipaxkeHust (31) u (32), HaXOaUM YaCTHBIE PEIICHUS ypaBHEHUS
(6a):

E, =E{" =D,H (kr)cos(n(p — @), (35)

rae D, = A,C, - npou3BoibHas HOCTOSIHHAS.

Bripaxenue (35) ynomnerBopsier auddepeHinanpsHoMy ypaBHeHUIO (6a),
yCIOBHUIO u3NydeHus (5), a Takxke ycioBusiM (28). Octanock yJI0BIETBOPUTH €0
IPAaHUYHBIM YCJIOBUSM (/a). [[71s1 5TOro B COOTBETCTBUU CO CXEMOU pelieHus 3aa-
gy MeTogoM Dypbe MpeacTaBUM UCKOMYIO (DYHKIIMIO B BUE CYIEPIO3UIIUN BCEX
YaCTHBIX petieHuit [4]:

E,(ho)= Y EM = 36 DHO kncos(o - gp)),  (36)
n=0 n=0

1, m=0
rae &, = - ycna Heivimana.
2, m>0

[Napgaromee mose (6a) ¢ UCMONB30BAHUEM HU3BECTHOTO Pa3iokeHus [6] mMo-
KeT OBITh TIPEJICTABIICHO B BUJIC:

E;*" = Egexp(ikacosg) = Ey > i"¢,J, (ka)cos(n(p — ¢p)),  (37)
n=0
rae J,(-) - dynkous beccens n-ro mopsaka.
C yuerom cootHoweHus (37) ko3 puuentsr D, Moryt ObITh IIpeacTaBie-
HBI B BUJIC:
3,(ka)

D, = —E(—i)" v
n 0( ) Hrgz)(ka)

(38)

C yueroMm BHaa koddduumenrta paznoxenus D, mponmonpHas kommnoneHra E,
BTOPUYHOTO T0JIsI U3 (6a) MOXKET ObITh 3aMMCaHa B BUJIE:

_ = & Ja(kaycos(n(p — ¢p))
EZ__EOnZ::SI & 1O () 01 @ (kr). (39)

Pemenne 3amaun B popme (39) cnpaBeyinBO MpU JIFOOBIX COOTHOIICHUSX
MEXIYy paauyCcoM IIWIMHIApPA a W JJIMHOW BOJHBI A. OgHaKo mpu a>>A psa B
(39) cxomutcs kpaiiHe MeieHHO. [103TOMY ISl TOTyUeHHSI YUCIICHHBIX Pe3yJibTa-
TOB B clly4ae a>> A Ha ocHOBe perreHus (39) ero HE0OXOIUMO MPEIBAPUTEITHLHO
npeoOpa3oBaTh K BUY, YIOOHOMY JIJIsi paCUeTOB.

2.4.3 JIns HaxoXKJIEHUS 3aKOHA pacrpeiesieHUs] Toka, BO30Y»K/1aeMOoro Ha Io-
BEPXHOCTHU LWJIMHJIPA TIOJIEM TUIOCKOW BOJIHBI, UCTIONIB3YEM COOTHOIIIEHUE (3), OMHUCHI-
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BArOIIFe TPAHMYHbIEC YCIIOBUS Ha MOBEPXHOCTH IMIMHIPA. JIIsl HAXOKICHUS KOMITO-
HEHT BEKTOPa HAIPSHKEHHOCTH MarHMTHOTO IO UCIIOIB3YEM CBSI3b MK MTPOIOIIb-
HBIMH ¥ TIOTIEPEYHBIMH KOMITOHEHTAMH TAPMOHHYECKOTO TMOJIS Yepe3 MePBOe ypaBHe-
Hue Makcserna [7]:

rotH = E —iweE . (40)
Hocxonmcy B CBO6OIIHOM NPOCTPAHCTBE, OKpyXaroieM nuiuHap, o =0, a
wE = cow/g,u \/7 , To cooTHouieHue (40) MoxHO npeodpa3oBaTh K BUY:
_ ik —
rotH =-——E. (41)
Wo

Beiiie 66110 MOKa3aHO, YTO B MOJIHOM I10JI€ MPUCYTCTBYET TOJIBKO MPOIOIbHAS

KOMIIOHEHTa BEKTOpa HAPsDKEHHOCTH 3J1ekTpuaeckoro nois, T.e. E ={0;0;E,}. Cre-

AO0BATCJIbHO, PaCKaJblBas MPCACTABICHUC pOTOpa, MOJIydacM BBIPAKCHUA JJIS ITOIIC-
PCYHLIX COCTABIAOINNUX MArHUTHOI'O ITOJISA:

— — —

p @ z
rotH =l6/6p 0/d¢ a/azzfaaaEZ —é’aai. (42)
0 0 E ooop

Takum 00pa3om, BEKTOP HANPSKEHHOCTH MAarHUTHOT'O MOJISi UMEET JIBE OTIINY-
HbIE OT HYJISI KOMIIOHEHTHI MOJIS: 0 — U (¢ — KOMIIOHEHTY. C y4eTOM 3TOro, MOKHO 3a-
nUcath BbIpaxeHue (3) uepe3 CKaJLIPHBIE KOMITOHEHTBI HOJLS:

—_ p (p Z —
j=H, H, 0=zH,. (43)
I 0 o

Anamu3 cooTHomieHus (43) MoOKa3bIBaeT, YTO BO30YXkIaeMblil TUIOCKou FE-
TIOJISIPU30BAHHOM JIEKTPOMArHUTHOW BOJIHOM HA MTOBEPXHOCTU UIICAIBHO MPOBOSAIIE-
ro HWIMHJIPA JEKTPUIECKUM TOK UMEET TOJIBKO OJIHY, OTIIMYHYIO OT HYJISl KOMIIOHEH-
Ty — MPOJIOJIbHYIO, T.€. ] ={0,0, j, }, cBsa3aHHYI0 C (® — KOMIIOHEHTOW MarHUTHOTO T1O-
nsi. CnemoBaTeNibHO, JUTSI HAXOXKJIEHHUSI MOBEPXHOCTHOTO TOKa HEOOXOAMMO HaWTH
() — KOMIIOHEHTbI MarHUTHOTO ToJisi. C 3TOM I1EIbI0 BOCHOIB3YEMCSI COOTHOIIICHHEM
(42). B pe3yabrare noyryyaem:

H, = i < % (44)
W, or
WM TIOCTIe 1oicTaHOBKH (39) momydyaem:
e _1Eo § o, Jn(k@) cos(n(g —¢9))OH;” (k) 5)
Wy n=0 H (2 (ka) okr
Bripaxxenue jyis naiaroiero noss oyaer onpezxemm)cs{ hopMyoii:
By <. J , (kr)

Hmar _j =0 N ine ZXnit/ oo5(n 46
o =iy 2ien 1 o cos(n(e - o). (46)

0 n=0
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B cootHommenusix (45) u (46) yureHo, uro quddepeHiimpoBanme OyIeT OCyIeCTBIATh-
Csl IO TepeMeHHOM K, a He I, BCICICTBHE YEro BOJHOBOC YKCIO K OBLIO BHECEHO
MOJT 3HaK MPOU3BOJHOM. Jlasiee 3amuchiBasi ¢ yueToM BhipakeHuit (45) u (46) cooTHO-
IIEHHE JIJIs1 TIOJTHOTO TOJISA, MOy4YaeM CIEAYIONTYI0 (hOpMyITy JJIsi HAXOXKICHUSI BEKTO-
pa IJIOTHOCTH TTOBEPXHOCTHOTO TOKA:

s_5B &in Jnka) oy
j=z— Y i'g cos(n(@p—qy)) I’y (ka) ——%——Hy’ (ka) |.  (47)
WO s n ( 2 n H,gz) (ka) m
[Tpeobpa3yem MmoayueHHOE COOTHOIIICHHE, YUUTBIBAs OMpe/Ie/iCHUe BpoHCKuaHa [9]:
J' (ka)H {2 (ka) — I, (ka)H {2 (ka) =_L. (48)
izka
B pesyinbrare nomyyaem:
: 2By &.n cos(n(e —
j,=— 0 Zlngn (((2())0 (pO)) (49)
Worka ;5 Hy” (ka)

YuuThbIBass 0CECUMMETPUYHOCTh LUIMHIPA, MOXKHO MOJO0XKUTh, UTO ¢y =0,
BCJIEJICTBHE ATOTO BhIpakeHue (49) M0oxHO mpeoOpa3oBaTh K BUIY:

_2E, iingn cos(ng) | (50)
Worka = " HP (ka)
YuurteiBas, uto npu a>> A psaa B (50) cxoguTcs kpaiftHe MEUICHHO, IMMOCKOJIbKY
JaHHBIM CBOWCTBOM O0O0JIaJJa€T MCXOJHOE BBbIpAKEHUE Ui MPOJOIBHOM COCTaB-
JISFOIIEH ANEKTPUUYECKOro MoJis, To cymmupoBanue B popmyne (50) npu uuciien-
HOM HCIIOJIb30BAHUH POBOMTCS 10 3HAUCHUI N, OIM3KKUX K BenunHe 2Ka.
Takum o0pa3om, B JaHHOM MOApa3jeie MOJYyYeHbl COOTHOLIEHUS, MO3BO-
JSIOLME ONPEIETUTh BEKTOP HAMPSKEHHOCTH 3JIEKTPUYECKOTO TOKA, BO30YyXxaae-
MOI'0 IUIOCKOM E-TIOJIIPU30BaHHOM DJIEKTPOMAarHUTHOM BOJIHOM HA ITOBEPXHOCTU UJE-
AJIbHO MIPOBOJISAILETO KPYTOBOTO LIMJIMHPA.

jz:

2.5 Pemrenue 3a1a4M HAXOKICHUS pacnpeaeIeHus
MOBEPXHOCTHOI'0 TOKA B cjy4yae NaJeHUus
H-noasipu30BaHHON MJIOCKOU BOJIHBI

2.5.1 Paccmotpum BTOpO#M ciyyall mosisipu3aluu Najarouiell Ha KpyroBoi
METAJUIMYECKUN LIWINHIP IUIOCKON 3JIEKTPOMAarHUTHOM BOJIHBL. B 3TOM citydae B
MaJAoIIEM I10JI€ UMEETCSA TOJIBKO OJHA MPOAOJBHASI COCTABIIAIONIAs MAarHUTHOIO
noJisi, onpexaensiemast coorHomenuem (40). Tlox Bo3aelicTBUEM MEPBUYHOTO MOJIsS
Ha [WIMHAPE HABOIATCS MPOAOJBHBIE OBEPXHOCTHBIE DIEKTPUUYECKUE TOKH, KO-

TOPBIC CO3JAaK0T BTOPHUYHOC H- -IIOJIAPU30BAHHOC  JJICKTPOMAIrHUTHOC  II0JIC

—pac —pac
{E° ,H }. IIpu sToM mpojonbHas KOMIIOHEHTa BTOPUYHOTO OIS YJOBJICTBO-

pseT ypaBHeHuto 'enbMrosnbua (60). Ha moBepXHOCTH HMIMHIpPA B CUJTY TPaHHY-
HBIX yciioBul (7/0) B HyJb oOpamiaercs Mpou3BOIHAS MPOJAOJIHHOM COCTaBISIONIEH
MOJIHOTO MarHUTHOro mnojsi. Ha GeCkoHEeYHOCTH TakKe JOJI)KHO BBIMOJHATHCS YC-
noBue wusnydeHus (5), uMeromee TOT K€ CMBICH, 4YTO W s ciydas FE-
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noJisipu30BaHHOM BOJIHBI. CooTHOIIEHUS (28) MOTYT OBITh IPUMEHEHBI U JJIS TIPO-
JI0JIbHOW KOMIIOHEHTHI MarHUTHOTO TOJIS, T.€.

Hz(r,(p + 272—) = Hz(r1¢)1 (51&) Hz(r,(p _(pO) = Hz(r,(po _(0) . (516)
2.5.2 IlpyMeHUM TOT K€ MOJXOJI, YTO U MPHU HAXOKICHUH KOMIIOHEHT IMOJIs
JUISL cyvasi MaJieHus BOJIHBI £ monsipu3aluy. YUWUThIBas OTIMYMS B 3alUCH Tpa-
HUYHBIX YCIIOBHUH, Hen3BeCcTHbIE Koadduiuentsl D, = A C,, OyayT uMeTh BUL:
——Ho (i)t S 0@
Hy” (ka)
B utoro MoxHo 3amnucarb BhIpa)K€HUE ISl MPOJOJIBHOM KOMIIOHEHTHI Mar-
HUTHOTO nojisi H, BTOpuuHOro nojus us (60):

1 J 'n (ka)
H{? (ka)

(52)

o0
H, =HY =2H, 3 ()™ H? (kr)cos(n(e — pp)).  (53)
n=1
Pemenue 3amaun B popme (53) Takke CIpaBeIJIMBO MPU JTIOOBIX COOTHOIIIE-
HUW MEXIY PaIRYCOM IWIMHApPA & W JUIMHOW BOJHBI A . OgHAKO Mpu a>> A psn
B (53) cxoauTCs KpaiiHe MEJJICHHO.
2.5.3 C ucnoibp30BaHUEM COOTHOIICHHUS (2), ONMUCHIBAIONICTO MPAaHUYHBIC yC-
JIOBUSI HA TTOBEPXHOCTH IFJTMHJIPA, 3aITUIIIEM €T0 Yepe3 CKAIIPHbIC KOMIIOHEHTHI Mar-

autHOTO Noss. [lo yenosuto H ={0,0,H,}, cnenoBaTensHo, MOXHO 3amnmcarth:

—

j=0 0 H,|=¢H,. (54)
10 0

Anamu3 cootHomieHus: (54) mokasbIBaeT, 4TO BO30YXKAaeMbId TUIOCKOM H-
MIOJISIPU30BAHHOU DJIEKTPOMArHUTHOW BOJIHOM HA MTOBEPXHOCTU UICAIBHO IMPOBOSAIIE-
ro UUIMHAPA JICKTPUUECKUN TOK UMEET TOJIBKO OJIHY, OTJIMYHYIO OT HYJISI KOMIIOHEH-

Ty — ¢ —Kkomnonenty, T.e. j={0, j,,0}, cBs3anHy0 ¢ Z — KOMIIOHEHTOH MarHUTHOTO

noJisi. [loacrasmsist B cootHomenue (54) Beipaxkenus (53) U BbIpaKEHUE, ONPEIEIsIO-
11ee MPOIOJIBHYI0 KOMIIOHEHTY T IAfOIIEr0 MArHUTHOTO TIOJIS B BUJIE

Hnazl H Z| gan(kr)COS(n((D (Po)) (55)
n=0
MOKHO 3aIIUCaTh:

J, (ka)
H? (ka)

[IpeoOpasys, kak paHee Ajsl ciydasi E-NOISIpU30BaHHON BOJIHBI MOJyYEHHOE COOTHO-

IIICHUE C YYETOM OIPEJICIICHUsI BPOHCKHAHA, a TAKXKe OCECUMMETPUYHOCTD KPYTOBOTO
HWIMHIPA, MOTy4aeM:

J=pHo 3 i, cos((e - q)) 3's (ka) — H®'(ka)|. (56)
n=0

2HO
7rka

Yt C‘z;‘*;g) (57)
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Cootnomenue (57), kak u cootHomenue (50) Takke KpallHe MEIJIEHHO CXOJIUTCS
npu a>>A. Beaencreue satoro cymmupoBanue B Gopmysie (57) npu ducicHHOM
VCIIOJIL30BAHUH IPOBOMTCS J10 3HAUECHUIA N, OIM3KKMX K BenuuHe 2Ka.

Takum oOpa3om, B JaHHOM MoJpa3felie MOJy4eHbl COOTHOIICHHS, MO3BO-
JSIOIINE OMPEEIUTh BEKTOP HAMPSIKEHHOCTH AJIEKTPUYECKOTO TOKA, BO30YyKIae-
MOTI'0 IUIOCKOM /H-TIOJIApU30BaHHOM 3JIEKTPOMAarHUTHOM BOJIHOM Ha IOBEPXHOCTH UJE-
aJTbHO MPOBOJIAIIETO KPYTOBOTO HMJIMHIPA.

2.6 BbI0Op 4MCJIEHHOT0 MeTo/1a peleHus
chopMyIMPOBAHHON KpaeBoil 3a1a4u

2.6.1 Jlns BBIMONHEHUsS] CPAaBHEHHUS PE3YJIbTATOB PEILICHUs KpPaeBOl 3aaauu
ANEKTPOANHAMUKYI aHATMTUYECKUMH U YUCIIEHHBIMU METOJAMU PACCMOTPUM TOJI-
pOOHO YHUCIIEHHbIE METOJbI pelieHus TudpakuMOHHbIX 3a1a4y. Cxema u3 [4], ui-
JOCTpUpYIOLas HanboJiee 4acTo MPUMEHSEMbIE MOAXOAbl K YUCICHHOMY pellie-
HUIO 33/1a4 JIEKTPOJAMHAMUKY, NPUBEJEeHA Ha pucyHke 2. Ha ocHoBe aHanu3a JaH-
HOT'O PUCYHKA OCYILIECTBUM BbIOOP METO/Ia PEIICHUS 3aJauH.

W3 aHanu3a cienyeTr, 4TO BCE MOJAXOJbl K YUCICHHOMY pEILICHUIO 3a7ay
ANEKTPOAMHAMUKH YCIOBHO MOXHO pa3/IeUTh Ha JiBa OOJBIINX KJacca:

- HCTIONB3YIOUIUECS ISl MOHOXPOMATHYECKOTO TOJIS;

- UCTIOJIb3yEeMBbI€ ISl IPOU3BOJBHON 3aBUCUMOCTH MCKOMBIX TOJIEH OT Bpe-
MEHHU.

[TockonbKy B 00J1aCTH PAJUOTEXHUKH JUISl CBSI3U MCHOJB3YIOTCSI MOHOXPO-
MaTUYECKUE AJIEKTPOMArHUTHBIC TOJIA, TO PAaCCMOTpUM 0OoJiee MOJAPOOHO AaHHYIO
BeTKY. B cBOIO o4epesb METOABI /11 MOHOXPOMATHYECKUX MOJIeH pa3ouBaroTCs Ha
JIB€ TPYMIIbI:

- METOJbl YaCTUYHBIX 00JacTel, MOJyunBIIME HAUOOJbIIEE PACIPOCTPaHE-
HUE IS pelieHUs] BHYTPEHHUX 3a]1a4 3JIEKTPOAMHAMUKH;

- METO/Ibl ONPEJIETICHUS M0JIel BO BCel 00J1acTH.
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B cooTtBerctBUU ¢ hopmMynupoBKO# 3a1aun AUdpaKIuu Ucciaeayemas 3aaa-
Ya 0 HAXO0XJICHUHU MOBEPXHOCTHOTO TOKA, BO30YXKJa€MOIro Ha KPYrOBOM IIMJIMHAPE
TUIOCKOW JIMHEWHO TOJSPU30BAHHOM BOJIHOM, OTHOCUTCS K METOJAaM OIPEAECICHUS
noJsiel Bo Bcel oOjlacTu. YKa3aHHbIE METOJbI, KaK CleAyeT u3 [7], OCHOBaHBI Ha
ompeieSIeHUH ToJiel cpa3y BO Bcel (MOJTHOM) MpocTpaHCTBEHHOM oOnacTu. OauH
13 BO3MOXHBIX M3 BO3MOXKHBIX MOJIXOJOB COCTOUT B OMpPECICHUU CAMUX JJICK-
TPOMAarHUTHBIX TOJIe B 3TOM oOjactu (mpaBasi BeTka). Jpyroit moaxoxn (jieBas
BETKA) 3aKJII0YAeTCsl B CBEJCHUU 3aJ]a4l K HAXOXJICHUIO pacrpeeieHus: HEKOTO-
POl COBOKYIMHOCTH UCTOYHUKOB, T0JI€ KAXKJIO0TO U3 KOTOPBIX YJIOBIETBOPSET ypaB-
Henuto [enpmronbia (dyukinus ['puna). PacnpeneneHue Takux HCTOYHHKOB
UIIETCA W3 YCJIOBUS YJIOBJIETBOPEHUSI TPAHUYHBIM YCJIOBUSIM. ICTOYHUKU MOTYT
OBITH PACIIONIOKEHBl HA HEKOTOPOM MOBEPXHOCTHM WM KoHType. [Ipum 3TOM mo-
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Pucynok 2 — Cxema kinaccuukaiy METO0B YHCICHHOTO PEIICHUS
3a7a4 AJEKTPOJUHAMUKY [4]

HMXXACTCS KOJMYCCTBO HCHU3BCCTHBIX, YTO AACT 3HAYUTCIBHLIC BBLITOAbLI IIPH YHC-
JICHHOM PCHICHWH. VYkazaHHoe NpEeUMyHi€CTBO MMO3BOJIACT BBI6paTB IJIs1 MOACTIUPO-
BaHHA CTPYKTYPhI IO UMCHHO JAHHBLIC IOJAXOA YHUCIICHHOTO PCIICHUS III/I(bpaK—

OUOHHOM 3aJayu.

[TockonpKy B KauecTBE KOHEYHOTO Mapamerpa, pacmupeiesieHue KOTOPOTO
HEOOXOAMMO MPOWLIIOCTPUPOBATh, PACCMATPUBACTCA B 3aJaHUU Ha TUIUIOMHOE
NPOEKTUPOBAHNE TUIOTHOCTh MOBEPXHOCTHOTO TOKA, TO IIEIECOOO0pPa3HO OCTaHO-
BUTHCS HA IPUMEHEHUU METOJa MHTETPAJIbHBIX YPaBHEHUH, B KOTOPOM B Ka4eCTBE
HEM3BECTHOW (PYHKIIMU paccMaTpUBAETCs paclpe/eleHne MIOTHOCTH TOKOB.
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2.7 Pemienusi KpaeBoi 3aJa4M 0 HAXOKICHUM TOKA
HA OCHOBE METO0/Ja MHTerPAJIbHbIX YPABHEHUI

2.7.1 VHTerpanbHbIMU ypaBHEHUSIMU Ha3bIBAlOT ()YHKIIMOHAJIbHBIE ypaBHE-
HUS, B KOTOPBIX HEW3BecTHas (DYHKLMS BXOOUT NOJ 3HAK uHTerpana [4], UHre-
rpajbHOE YpaBHEHUE HA3bIBACTCS JTMHEHHBIM, €CIIM HEU3BECTHAsA (QYHKIUS BXOJIUT
B HEro JimHelHo [4]. B 3ToM ciyyae UHTErpajibHOE ypaBHEHUE MOKET ObITh 3aIlu-
CaHO B BUJIE:

b
f(r)+ A f()K(r,r)dr =u(r), (58)

rae f(r) - uckomas GpyHkus;
K(r,7) - aapo MHTErpaibHOTO YpaBHCHHS,

A - HEKOTOPBI MapameTp;
u(r) - cBOOOIHBIH YJICH.

VYpaBHenue (58) Ha3bIBaeTCs Takke ypaBHEHHEM 2-To poaa. Ecinu xe BHe-
uHterpanbhbiii wieH f(r) orcyrcrByer, TO ypaBHEHHE HA3bIBACTCS HHTETPAIBHBIM
ypaBHeHHeM 1-ro pona [4].

Jlanee knaccuduKanys WHTETPaJbHBIX YPaBHEHUN HIET B 3aBUCHMOCTH OT
BBIMOJIHCHHS YCIIOBUH [4]:

bb b
K(r,o)Pdrdr <o, [Ju(r)Pdr<co. (59)
NG Jlun)

Ecnan naHHble YCIOBHS BBINOJHSAIOTCA, TO YPAaBHEHHUS OTHOCATCS K KIAcCy
ypaBHEeHH PpeaAronapMa, €Ciau HET — TO OHU MOTYT OTHOCUTBHCA K CHUHTYJISIPHBIM
WY TUTICPCUHTYIISIPHBIM YpaBHEHUsM [4].

B paccmarpuBaemoil 3agade nepBoe HEPaBEHCTBO SKBUBAJIEHTHO TpeOoOBa-
HUIO OTPAaHUYEHHUSI IEPEHOCUMON BOJIHOW MOIIIHOCTH, @ BTOPOE — YCIIOBHIO Orpa-
HUYEHUS] MOIIHOCTU H31y4yeHUs HcToyHuKa. CienoBarenbHO, (HOpMYIUpyeMble
WMHTErpaJIbHbIE YPABHEHUS JTOJKHBI OTHOCUTBCA K ypaBHEHUSIM Ppearoapma.

2.7.2 CopmynupyeM HMHTErpajibHOE YpaBHEHUE JJI PEIICHUS 3aJlayu JIH-
(dpakuuy Ha KpyrjoM METaJUIMYeCKOM LWIMHAPE NPU MaJeHUH TJIOCKOU 3JIEKTPO-
MarHuTHOM BOJIHBI, UMEIOLIEHN JIMHEWHYIO MOJAPU3aLnI0. s 3TOro BOCIONIb3yeEM-
Cs1 OCHOBHBIMM ITOJIOKEHUSIMU TEOPHUH MTOCTPOCHUSI MHTETPAIIbHBIX YPABHEHUM 1S
paccMaTpuBaeMbIX Tell, NMpuBeAeHHbIMU B [8]. B nanHoil paborte, B 4acTHOCTH,
IIPUBEJICH BBIBOJI MHTETPAIIbHBIX YPABHEHUM JJI YACTHBIX CIy4acB MaJCHUS BOJH
JUHEWHOM MOSPU3aIuu Ha UJ€abHO TPOBOISIIEE METAIUTMYECKOE TEJI0: B paboTe
Cly4yald P-TOJISIPU3allMM COOTBETCTBYET MAACHUIO [E-TIONSPU30BAaHHOM BOJIHBI, a
Ciy4dau S-IOJsIpU3aluu — H-NOasApru30BaHHOM BOJIHBL. ['eoMerpus 3angayum mmokasa-
Ha Ha pUCYHKE 3.

B cuity rpannusbix ycnoBuid (6) U yciaoBUEM HU3ilydeHUs (9) B 00J1aCTH BHYT-
pH IOBEPXHOCTH S TOJ€ OTCYTCTBYET, JaXKe €CJIM OHA BCS HE 3aIllOJIHCHA HJ1eallhb-
HO MPOBOJAIIMM MaTepuanoMm. Takum o0pa3oMm, B ciiydyae E-TOJSApU3ALMHU HUCKO-
Masi QyHKIUS VIpU TMepexoje depe3 MOBEPXHOCTh S SBISETCS HEMPEpPHIBHOM, a
NPOM3BOJIHAS 1TO HOpMaJIM OV/ON UCHBITBIBAET pa3pbiB. O003HAYMM JTaHHBIN pa3-
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Pucynok 3 — I'eomerpus 3anauu a1 GopMyaupoBKU
MHTErPaJIbHOTO ypaBHEHHUS [§]

peIB 4yepe3 y . CnenoBarensHo,  =(ov/on),, a (ov/on)_. Jast ciyyast BTOpoi
HOJIIpU3aLMKY 0003HAYUM Pa3pbIB UICKOMOM (DYHKIIUM Uepe3 @ =V, .

C ucnojp30BaHUEM MpUHIMIA [ folreHca MOXHO 3amucaTh [8]:
- s E-niossipu3anuu:

v(r) =vo(r) - fy (F)G(r -7 )d T, (59)
S
- s H-nonsipyuszanuu:

v(r) =vy(r) + §¢(‘F')%G(F —F)dF. (596)
S

C Toukm 3pCHUs SJICKTPOANHAMUKN BCIWYMHBI ¥ W ¢ HMCHOT CMBICI II0-

BEPXHOCTHBIX CKTPUICCKUX TOKOB.
[Mpumensist yeaosust (ov/on)_ =0 u (6v/on), =w x ypaBHenuto (9a), MOX-

HO 3amucath ypaBHeHue Dpearonbma 2-ro poja s ciydas E-NMOJSpU3aLUN HC-
ToyHuKa B Buje [8]:

v, (r)
on

B cnyuae H-nossipuzaiiuy BOJHBI UCHOJB3YIOTCA yenoBus V_ =0 u v, =V.

Lo+ W(‘F’)QG(‘F'— F)dF = (60a)
2 S on

B pe3ynbrate HHTETpalibHOE ypaBHEHUE IPUHUMAET BUJ [8]:

S0~ foF) ZBF - FIdF =0 (") (600
S n
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2.7.3 Jlns mpencTaBiieHHs] TOJICH, OMUCHIBAEMBIX COOTHOIIEHUsMH (3) U
KOHTYpPOM, ONTUCHIBAEMBIM YpPaBHEHHEM OKPY>KHOCTH, ypaBHeHUs (60) MOryT ObITh
npe/CcTaBICHbI B BUjE [8]:

- U1 E-noJIipu30BaHHON BOJIHBI:

- 27
v, (1, 6) = exp(-ikr cos 0) —% GG (61a)
0
- st H-nionsipu30BaHHON BOJIHBI:
. 27
v, (r,0) = exp(~ikr cos0) +% | WL(@')a—i H® (kR)do', (616)
0
rae H él) (-) - dyukums ["ankens HyneBoro mopsaka 1-ro poja;
R:F—?“:\/r2+a2—2arcos(0—0'). (62)
[Tonyyaemasi Mpu 3TOM YaCTHOM Cjy4yae KOHTypa Tejla TeOMETpHs IpUBEIcHA Ha
pucyske .4.
[Ipeo6pa3yem ypaBHenus (61), yunteiBas, 4to
‘?—F":Zasin('g;ej‘, (63a)
0,0 0,0 . (-0
—H4” (kR) =k——H;~ (2kajsin =
ga 10 (R =k Hol > )
—_k sin(ﬂj HY (2kasin(0 0 j‘) , (636)
2 2
=
r

Pucynok 4 — I'eomeTpus 3a1aun 1Sl pELIEHUS 3a1a4H
0 HaXOXKJICHUU TOKOB Ha UIUHJIpE [§]
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r7ie Hl(l) (-) - dynkums "ankesns mepsoro nopsijaka 1-ro poaa.
B pesynbTare ypaBHeHus (61) npuHUMAalOT BU:
- IJId E-nonﬁpmoBaHHoﬁ BOJIHBI:

ika 2%

l//”(@)—— J' Wi (9)H(1) (2kasm

0 j‘)d@' = —2ik cos@exp(—ikacos6), (64a)

- 1A H- -HOJISIpI/ISOBaHHOI/I BOJIHBI:

ika 2%

v, (0) = J. v, (0)HY (2ka3|n

— Qlj‘)d 0' = 2exp(—ikacos0) . (646)

2.8.4 I[Jm MPOBEPKH MMOJYYEHHOTO PELIEeHUsl C MU3BECTHBIM M3 [1] u momy-
YEHHBIM METOJIOM COOCTBEHHBIX ()YHKIIHIA, PA3JIOKUM PO ypaBHEHHM (64) B psij
®ypee, kak nmokazaHo B [8]. [IpumeHnM Teopemy cioxenus [6] k pynkiun ["anke-
TSt

H® (kR) = H (ky/r? + r2-2rr'cos(6 - 0')) =

o0 (1) 1 1
- eXp(in(9—9')){Jn(kr,)Hn(1)(kr) = (65)
n=—0 ‘]n(kr)Hn (kr) r>r,
rae J, () - dynkuus Beccens n —ro nopsaka.
Jlanee yuTreM COOTHOIIEHUS (63) U B pe3ysbTare noayuumM [8]:
HO (2kasin(0 j) = Sexp(in(@-0))3, (ka)H® (ka),  (66a)
N=-—o0
_la@ —HY (2kasm ) i ex ( M
=—— p(in(6 - 6' )) J,(ka)H (ka) =
4 oa 4 =
—_Ik_a Zex i —fA' ( ! @) @)’ K
p(in(@ —O'N\I', (ka)H" (ka) + I (ka)H ;" (ka) . (666)
N=-—o0
B 1aHHOM COOTHOIIICHHH MITPUXOM O0O3HAYCHBI NMPOU3BOAHBIC ITUITHHIPHUCCKUX
(GyHKUUN IO apryMEHTY.

[IpeacrtaBum HckOMYyHO (YHKIIUMIO U MPABYIO0 YacTh MUHTETPAJIbHBIX ypaBHE-
HHUM TaKK€ B BUJE PA3IIOKEHUA B PAJ d)ypbe [8]:

w(0) = Za exp(m(@——)) (67a)
exp(—ikrcosf) = Z J (kr)exp(m(@——)) (676)

B pe3ynbrate moJICTaHOBKH MOJTYYEHHBIX NPEICTaBIECHUN (QYHKIUNA B UHTE-
rpajbHble ypaBHeHUd (67) monydaem i KaXJ0W CHEKTpaIbHOM KOMIOHEHTHI N
CJIeyIoNIre COOTHOIICHHS [8]:

kJ' (ka)

mk_a @) @' n ,
{1+ (0" (ka)H® (ka) + 3 (ka)H ¢ (k)} {ZJn(ka). (68)

B 1aHHBIX COOTHOIIEHHMSAX BEPXHUM 3HAK COOTBETCTBYET Ciydar F-
MOJIAPU3ALMM MMAJA0IIEN BOJIHBI, HUKHUN — H-niongpuszauuu. /lanee 3ameHsis B



29
CKOOKax €IMHMILY Ha ONpEIeInTelhb BpOHCKHAHA, ONMCHIBAEMBINA COOTHOIIEHUEM
[6];
i \ N
kaa@ W (ka)H O (ka) - J, (ka)H D' (ka) =1, (69)

MoJIy4aem
- U1l citydast E-nonsipu30BaHHOM BOJIHBI

izka §_, .
an o 9 (k)H P (k) ~ I (k@) HY (k) +

+J' (ka)H® (ka) + 3, (ka)H P (ka) j: 2kJ', (ka) (70a)
- U1 city4as H-1onsipu30BaHHOMN BOJIHBI

2, O ()M () - 3, (k) (k@) -

~ 3", (ka)H® (ka) - J, (ka)H ©" (ka) {23 , (ka). (70a)
N3 cootHowmenuii (7/0) cienyer, 4To HEU3BECTHBIE KOA((PULMEHTHI &, OIpe-

JEJSIFOTCS BBIPAKEHUSAMM:
- U1l city4dast E-nonsipu30BaHHON BOJIHBI
2i 1

ay =, (71a)
" maH®(ka)
- U1 city4as H-1onsipu30BaHHOMN BOJIHBI
2i 1
a, = I (716)
7ka H” (ka)

[loncrasnss cootHowenus (71) B popmyny (70a), monyuaem
- 11 ciydasi E-nonsipu30BaHHON BOJIHBI

: T
> exp(in(0 =)

2i
0)=——- 12a
O e ) 2
- U1 citydasi H-noasipu30BaHHOM BOJIHBI
S exp(in(@—Z))
vO)=—"3 (726)

a,=, HY(ka)
VYpaBHeHus (72) 3anucaHbl OTHOCUTENIBHO CKAJISPHBIX KOMIIOHEHT MOBEPX-
HOCTHOI'O AJIEKTPUYECKOTO0 TOKA, BO30YXKIa€MOIr0 Ha KPYrOBOM METAIMYECKOM
HMIHHJIPE.
Jlnst cBenenus cootHomeHui (72) K BUaY, NpuBeACHHOMY B padore [1], uc-
N0JIb3yeM U3BECTHYIO CBEPTKY [6]:

i exp(in(@—%)) = i exp(in@)exp(—in%) :ign cos(n@) ()", (73a)
n=0

n=—o0 n=—o0

a Takke 0003HaYCHUsI, IPUMEHSEMbIC B JaHHBIX paboTax:

w(0)—> o, (736)
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1 m=0

rae &, = - ycna Heivimana.
2, m>0

B pe3ynbTare cooTHouieHus (/2) NpuHUMAIOT BUA, IPUBEICHHBIN B padoTte
[1], a Taxke mOMy4YECHHBII paHee METOAOM COOCTBEHHBIX ()YHKIIUI:
- U1l citydast E-nonsipu30BaHHOM BOJIHBI

- 0 N
20 $-20()" cos(ng) (T4a)
M5 HY (ka)
- T4 ciiyvas H-nonsipu30BaHHOM BOJIHBI
- » N

2i Zgn(—l)1 'cos(n(p) | (746)
mka =  HO'(ka)

AHanu3 NMOJy4YeHHBIX COOTHOIIECHHH, a TAK)KE€ UX CPABHEHHE C pe3yJibTaTa-
MU, IPUBEICHHBIMH B paboTte [1], mOKa3bIBaeT, YTO OHU COBIAAAIOT J0 3HAKA MPHU
MHUMOM €IMHHIIE U UCIOJIb3yeMbIX (yHKUMNA ["aHkens. DTo ompenensercs TeM,

4yTO B pabote [8], B3sATOM AJisl CpaBHEHHS PE3YIbTATOB, UCTOJIB3YETCSl BpeMEHHAas
3aBUCUMOCTh EXP(—imt), a B padote [1] - exp(imwt). Yuer saToro dakra u nepexo

jz((/)):_

Jo(@)=~-

K BpeMeHHOU 3aBucuMOcTH eXP(iwt) MOo3BOJISET MOJYYUTh OJMHAKOBBIC 3aBHCH-

MOCTH JIJISI ONTUCAHUSI pacClpeIeTICHUs TTIOTHOCTH MMOBEPXHOCTHOTO AJICKTPUUYECKO-
ro TOKa.

Taxkum oOpaszom, cooTHorieHus (64), onuchIBaIONMEe HUHTETPAJbHBIE ypaB-
HEHHUsI IS 3aJ]a4d 0 HAXOXKJIECHUM PACTpPe/ICNICHUS] TOBEPXHOCTHOTO TOKA Ha KPYy-
TOBOM HJI€aIbHO MPOBOJIAIIEM IIWINHAPE, CIIPABEIJIUBHI.

2.8 IlpumMeHeHre MeTo1a KOJIOKAIMH 151 YUCJIEHHOT'O PellieHUsI
UHTErpajbHOI0 YpaBHEHUS

2.8.1 PaccMoTpuM MpUMEHEHHE METOZa KOJUIOKALUMU JUIsl YUCIEHHOTO pe-
HICHUS TIOJYYEHHOTO UHTETpaabHOro ypaBHeHus. Kak nzectHo u3 [9], Mmeton ko-
JIOKaIMu SIBJIAETCS YAaCTHBIM CIyd4aeM METoJa MOMEHTOB. B cBsi3u ¢ 3TuM pac-
CMOTpPEHHE METO/1a KOJUIOKAIIMU HAaYHEM C aHAJIM3a CXEMbl MOMEHTOB.

C MareMaTH4yecKOM TOYKH 3PEHUS METOJ MOMEHTOB SBJIIETCS METOJOM pe-
LIEHMs OIIEpaTOPHOM 3a1a4Mu:

L(f)=g, (75)
rae g - usBectHas QyHKIMS;
L(f) - onmepaTop, 3a1aHHBIIl B HEKOTOPOM MPOCTPAHCTBE (hYHKIIHH.

OneparopoM Ha3bIBalOT JEHUCTBHE, CTaBSLIEE B COOTBETCTBUE (YHKLIUH
¢dbynkuto [9]. Hanbomnee npocThiM MpUMEpOM OrepaTopa MOXKET CIYKUTh dudde-
PEHIIMPOBAHKUE, KOTOPOE MCXOAHONW (YHKLIHUU CTABUT B COOTBETCTBUE JPYIYIO
(GyHKUHIO — TPOU3BOAHYI0. B 3iexTpoinHaMuke yauie UCroiab3yTCsS HHTErpajb-
HBIE ONEPaTOPBHI.

JUJIsi KOMIOAKTHOTO H3JIOKEHUS CXEMbl METOJIa MOMEHTOB HCIIOJIb3YEM OC-
HOBHOE€ CBOMCTBO CKAJIAPHOTO IPOU3BEACHUS < f, g> IBYX (DYHKLIMNA:
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(f.g)=]fgds. (76a)
S

be3 morepu o0HOCTH COOTHOIIEHUE (76a) MOKHO MPE0OPa30BaTh K BUIY

(f.g)=[wigds, (766)
S

rae W - HEKoTopas BecoBasi pyHKIHS.
Jlanee mpencraBuM Hew3BecTHY (yHkiuioo f B Buge pasnoxenus cie-

JYIOLIETro BH/A:
f= Zan(pn : (77)
n

I7ie ¢, - U3BECTHbIC (PYHKIUH, TOJyYUBIINE Ha3BaHHE Oa3UCHBIX;
a,, - HEU3BECTHBIE KOI(PPUIIMEHTBHI.
[Tonaras, uro pyukuus f ompenencHa B HEKOTOPOW O0JacTH S, MOCTaBUM
BbIpaxkeHue (77) B cootHoienue (75). B pesynbrare noayyum

2.3, L) =1. (78)

Beenem emie onHy cucteMy QyHKIMH |, , KOTOPbIE HAa3bIBAIOTCS TECTOBBIMU

uiu npoOoHbIMU QyHKIUAMEU. YMHOXKas (78) mocnenoBaTeIbHO Ha TPOOHBIE (PYHK-
MU C Pa3HbIMM HOMEpPAMH W BBIUMCIISISI COOTBETCTBYIOIIUE CKAJIIPHBIE MPOU3BE-
JIeHUSI

Zan <l//m L((/)n )>:<l//m g>’ (79)

MOJIy4aeM CHUCTEMY JIMHEWHBIX anreOpandyeckux ypaBHEHH OTHOCHTEIBbHO HEW3-
BECTHBIX KO3(PUIMEHTOB a,. B MaTpuuHoil popme cucrema JIMHEHHBIX ajlred-

panyeCcKUX ypaBHEHUIN UMEET BUJ:

] ZA=G, ] (80)
<l//1|—((P1)> <l//1|—((02)> <W1L((PN)>
re i <l//2|—((P1)> <l//2|—((02)> <W2L(¢N)> ] (81a)
_<l//N L((01)> <l//N L((P2)> <l//N L(on )>
_<ng>_ [y |
| (w29) | @&
G= .| A=l (816)
<l//N9> ay

HckoMast pyHKIUS TPU TAKOM MPEJCTABICHUU MOKET OBITh 3amucaHa B BUJE:
f= <(pZ_1 G>, (82)
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01

R )
rae =\ .
PN

[IpuBeeHHBIEC BbIIIE COOTHOIIEHHUS] OMUCHIBAIOT CXEMY METOJa MOMEHTOB.
HecnoxHo 3aMeTuTh, 4TO MPU MCHOJb30BAaHUU JTAHHOI'O METOJla BO3HMKAIOT JBa
OCHOBHBIX BOIIpOCa:

- onpeJiesieHue BbIOOpa BECOBBIX U MPOOHBIX () yHKIIHIA;

- OIpeJieJIeHue BEpXHero npeaena cymmupoBanus N .

Ha BbiOop 6asucHOM (PyHKIMH OOJBIIOE BIUSHUE OKA3bIBACT alpHOpHAas
uH(popmalus o cBoicTBax peuieHus. B kauectBe anpuopHoi HHGOPMALIMK O BUJE
pELICHUs] UCIIOJIb3YIOTCS TPAaHUYHbBIE YCIOBHUS Ha OTpE3Ke CYIIECTBOBaHUS (DYHK-
uu [a,b]:

lou =au(a) + Bo(a) =a,

Lu=ayu(a)+ p(a)= B,
rne a;, f;,a, B - 3aJaHHble yhcia, Ipuyem aiz + ﬁiz >0, (i=0,1).

(83)

JlaHHBIC YCIIOBHS B O0IIEM ClTydae 3aJal0T JUHEHHYIO CBS3b MEXIY 3HAYCHUSMU
HCKOMOTO PEIIICHUS M €ro MPOM3BOIHON Ha KOHIAX OTpe3Ka [a,b] B oTaensHOCTH.
N N
C yuetom ycnoBuii (83) mpubiim>keHHOE peleHre U 3ajlauyd 3amuchiBaeTCs
B BUJIE

0N (X) = g () + z 8y (%), (84)

B KOTOPOM (YHKIHMS (), JOJDKHA YHOBICTBOPATH TPAHWYHBIM YCIOBHSM, T.C.
lop, =a; Lo, = P; a ocranpHble (yHKIMN TODKHBI YIOBIECTBOPSTH OXHOPO.-
HBIM TpaHu4HbIM ycioBusm, T.e. lyp, =0; Lo, =0 (k=1,2,...N).

Jliist BBIOOpa BepXHel rpaHullbl cymMmmupoBaHus N Ha MpakTHKE MPUMEHSET-
sl TIOHATHE HEeBsI3KkK &(X), onmpenesieMol COOTHOIIICHHEM

e(x)=Lu™ - f(x). (85)
[Tocne BeIOOpa 6a3uCHBIX PYHKIUN JaHHOE COOTHOUIEHUE NPUHUMAET BU:
e=(Lo, —T). (86)

Pasznuune pasHOBHMAHOCTEM METOJAa MOMEHTOB 3aKIOYAETCS B BHIOOpE
IpOOHBIX (DYHKIHUI M yCIOBHUI, HAKIAABIBAEMBIX HA BEJIMYNHY HEBA3KH IIPH TIOIY-
YEHHUH CUCTEMBI IMHEHHBIX aNre0pandeckux ypaBHeHui. Tak, Ui METoAa KOJLIO-
Kallu¥ B Ka4eCTBE MPOOHBIX (DYHKIMI UCIONB3YIOTCS AENbTa-(QYHKIUH, 9TO IIPH-
BOJUT K TOMY, YTO B psjie (PUKCHPOBAHHBIX TOYEK, HA3BIBAEMBIX TOUKAMH M3 UH-
tepBaia [a,0] HeBsaska npupaBHMBaeTCs HyIIO (BBIIOJHEHUE IPAHUYHBIX YCIOBUIM

B psiJie IUCKPETHBIX TOYEK HA HEKOTOPOI MOBEPXHOCTH):
&(X,,8,,8,,...,8y) =0. (87)
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2.8.2 Takum o0OpazoM, METOJl KOJUIOKALUU SIBJISETCA aHAJTUTHUYECKUM TpHU-
OJIMKEHHBIM METOJOM pELICHUs KpaeBOW 3a/Jaud, IpU KOTOPOM DEILIEHHUE pa3bl-
CKMBA€TCsl B BHUJIE JTUHEHHON KOMOMHAIMU U3 JIMHEHHO HE3aBUCUMBIX (DYHKIMI
BUJIA, KOTOpAas yIOBJIETBOPSIET IPAHUYHBIM YCIOBUSIM.

Onenka kayecTBa MeT0/1a, BhioHeHHas B [10] myTeM BhIYUCIEHMS CpeiHe-
KBaJPaTUYHOTO OTKJIOHEHUS Ha OTPE3KE PELICHMS, MIOJYYEHHOTO METOJIOM KOJUIO-
Kalluy, OT TOYHOTO PELIEHUS, IT0Ka3aa:

- KauecTBO MPHUOJMKEHHOTO PElICHUS MOBBIILIAETCS MPU YBEITUYEHUU KOJIH-
YECTBA TOYEK KOJUTOKAIUY;

- 17151 OBICTPO OCHMJUIMPYIOIIMX PEIIEHUN MOrPEIIHOCTh PEIICHHS 3aBUCUT
HE TOJIbKO OT KOJMYECTBAa TOYEK KOJUIOKAIMH, HO M OT crmocoba uX BbIOOpa.
MeHblI1asi OrpemHOCTh MOJTYyYAETCs, €CIM TOYKH KOJUIOKALUH MOIAaJar0T Ha MeC-
Ta, COOTBETCTBYIOLIUE IIYYHOCTSIM KOJIEOATEIBHOTO MPOLIECCa;

- OJHOPOJHOCTb WJIM HEOJHOPOAHOCTh I'PAHUYHBIX YCIOBUU NMPAKTUYECKHU
HE BJIMSIET HA KAYE€CTBO PEILLICHMUI;

- B TOYKaxX KOJUIOKALMU MPUOIMKEHHBIE U TOYHBIE PELIECHUs pa3anyaroTcs,
x0T JudPepeHnnanbHoe ypaBHEHUE YAOBIETBOPSIETCS B HUX TOYHO.

Haubonee npocTteiMu citydasiMu BbIOOpa 0a3UCHBIX (YHKIIUU B METO/E KOJI-
JIOKAIUU SIBJSIETCS NPUMEHEHUE KYCOYHO-TIOCTOSIHHBIX (DYHKLIMM (ITOJIMHOMOB HY-
JIEBOT'O MOPSJIKA):

1 7€ Aj ,

()= 0 (88)

[Ipu rnaakoi reoMeTpuH KOHTYpa MOBEPXHOCTH TeJia OOBIYHO MPUMEHSIETCS PaB-
HOMEpHasl CeTKa KOJUIOKALMU C Pa3MELICHHEM TOYEeK B CEpEeIUHaX OTPE3KOB pas-
Ouenus. OnTUMaIbHBIN pa3Mep OTPEe3KOB pazouenus A, kak mokaszaHo B [11],

coctasiisieT BennuuHy nopsaka 0.05...0.1 1uHbI BOJIHBI.

2.8.3 B npenpinyiieM MyHKTe ObUIO MOKa3aHO, YTO B KOHEUHOM CUETE pe-
[I€HUE MHTETrPaJbHOrO YPaBHEHHUS, CBOJUTCS C MCIIOJIb30BAHUEM METO/Ia KOJIOKa-
UM K PEIICHUI0 CHCTEMBI JIMHEHHBIX anreOpanueckux ypaBHenuil Buna (80). B
CBSI3M C 3TUM KPAaTKO PACCMOTPUM HEKOTOpPbIE OOILHE BOMPOCHI, CBSI3aHHBIE C UX
pELICHUEM.

[Tpu yncnennom pernienun uckoMbiit BeKTop A u3 (80) Bcerna OyaeT HaljeH
C omnpeJieIeHHOM OomMOKOM. JJ1s1 OLIEHKM 3TOM MOrPEeUIHOCTH UCIOJb3YIOT JABE LU~
POKO pacrpoCTpaHEHHbIE BEJIMUMHBI:

- BEKTOp OIIHMOKH;

- BEKTOP HEBSA3KH.

[To BEKTOPOM OIIMOKHK € B COOTBETCTBHHM C [4] MOHMMAETCS pa3HOCThH TOY-

HOT'O M BBIYMCJIEHHOIO BEKTOPOB PEINEHMIA, a 0] BEKTOPOM HEBS3KU & - BEKTOP
HECOOTBETCTBHS MEX/1Y IPABBIMHU M JIEBBIMU YaCTSIMU YPaBHEHHUS IPU MOJCTAHOB-
K€ B OTO ypaBHEHHME HaWIEHHOrO pelneHus. IIpH 3TOM BBINOIHAETCS PAaBEHCTBO
[4]:

Ze=c¢. (89)
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Hcnonb3yemble Ha MPaKTUKE METOJIbl YHUCIEHHOTO PELIEHUS CUCTEMbI JIM-
HEMHBIX anreOpanvyeckux YpaBHEHUU NAlOT OOBIYHO Mallyl0 HEBSI3KY, HO 3TO HeE
00s3aTeNIbHO 03HAYAET, YTO BEKTOp OMIMOKHU Toxke OyzaeT man. Hanpumep, npenmno-
JIOKMM, YTO MaTpuia Z MOYTH BBIPOXKJIEHA, T.€. MOXKET CTaTh BBHIPOXKACHHOU MpuU
MaJblX BO3MYUIEHUSAX KO3 (duireHToB. B TakoM ciydae Takue Majble BO3MYILE-
HUS KO3(P(ULIHUEHTOB MOTYT MPUBECTH K KaK YroJHO OOJBIIMM HM3MEHEHHUSIM pe-
HIeHUs. DTO SBJSETCA HE CIEJICTBUEM HEYIOBIETBOPUTEIbHBIX BBIUMCIUTEIBHBIX
CBOICTB TOTO WM MHOTO METOJA PELICHUS] CUCTEMbI JUHEHHBIX anreOpandyeckux
YPaBHEHUH, & CBOMCTBOM UCXOJHOU 3aa4H.

YacTo 3apaHee HESICHO, HACKOJIBKO PEIIEHHE 3aayl YyCTOMYMBO K HEOOJb-
[IUM U3MEHEHUSIM UCXOJHBIX TaHHBIX, U HEOOXOJIMMO OLUEHUTH 3TO. TaKyro OLEH-
Ky MO3BOJIET AaTh MOHATUE 00YCIOBICHHOCTH MaTpuilbl [4]. B Teopun Bbrumcin-
TEJIbHBIX METO/0B MOKA3bIBAETCA, YTO KAXJAOW MATPULIE MOXKHO MMOCTABUTh B COOT-
BETCTBUE YUCIIO O0YCIIOBICHHOCTH:

y =cond(Z2) , (90)
KOTOpPOE XapaKTEPHU3yeT MAKCUMaIbHO BO3MOKHOE YBEJIMUEHUE OLIUOKHU PEIICHUS
M0 CPaBHEHMIO C OLIMOKOM 3a/1aHus npaBoi yactu. Kpome Toro, uncio o0ycioB-
JIEHHOCTH TaKUM e 00pa3oM CBSI3bIBAET PEIICHHE C U3MEHEHUSIMHU B KO3 PUIu-
€HTaX CUCTEMbI JUHEHHBIX anre0Opandyeckux ypaBHEHUH M C MOTPEIIHOCTHIO BbI-
YUCIUTENBHOrO Ipouecca. ToOYHOE BBIUUCIIEHHE YUCiIa 00YCIOBIEHHOCTH TPEOyeT
OOJIBIIOrO KOJIMYECTBA AEHCTBUM, UeM caMo pellleHre cucteMbl. OJHAaKO Ha Mpak-
TUKE JJOCTATOYHO 3HATh MPUOJIMKEHHOE 3HAYEHHE 3TOT0 YKCIa, O3TOMY UCIOJIb-
3YI0T YNPOILEHHbIE MPOLEAYPHI €ro OLIEHKM. MUHMMaJIbHOE 3HAYeHHUE yucia o0y-
CJIOBJIEHHOCTH €IMHMIIA. B cilydae BBIpOXKAEHHUS MATPUIIBI YKCIIO O0YCIOBIIEHHO-
¢ty MoXkeT gocturars 100 u BeILe.

2.9 CpaBHeHMe pe3yJibTATOB, MOJY4Y€HHBIX MPHU UCIOJIb30BAHUH
AHAJIMTHYECKOI0 U YUCJIEHHOT0 METO/10B

2.9.1 C ucnonb30BaHWEM MPUBEJICHHBIX B JIAHHOM pa3jeie COOTHOLIEHUU
ObLIM pa3paboTaHbl MPOrPAMMBI BHIYMCICHUS] KOMIOHEHT IJIOTHOCTU MOBEPXHO-
CTHOTO TOKAa Ha OCHOBE METOZa COOCTBEHHBIX (PYHKUMN W METOJA MHTETPabHBIX
YPAaBHEHHM C MOCJIEAYIOIIUM PELMIEHUEM €T0 METOAOM KOJUIOKAlUH. TeKCThl mpo-
rpamMMm mpuBeqeHbl B ¢aitnax «Meton coOcTBeHHBIX GyHKIMN.xmcd» u «Meton
NY.xmcd» cOOTBTETCTBEHHO.

BbInosiHUM cpaBHEHHME MOJYYEHHBIX C MCIOJB30BAHHME JAHHBIX MPOrpaMMm
pe3ynbratoB. HauHeM ¢ OIleHKH KOPPEKTHOCTH MPOrpaMMbl PELICHMs 3aJa4l Me-
TOI0M cOOCTBEHHBbIX (hyHKIMI. Ha pucyHkax 5 u 6 npuBe/ieHbl pe3yibTaTbl CpaB-
HEHUs paclpeeieHHs] aMIUTUTYAbl TOKa B a3UMYTaJIbHOM CEUEHUU C JJAHHBIMU U3
[1] mpu mageHun COOTBETCTBEHHO E- M H-1onsipu30BaHHBIX BOJNH. CIUIOMIHOM JIN-
HUEH TMOKa3aHbl pe3yJbTaThl, MOJIYYEHHBIE C MCIOJIb30BAaHUEM pa3pabOTaHHOU
MpOrpamMMBbl, CUMBOJIAMU — U3BECTHBIE U3 [1]| manubie. [Ipu 3TOM pUCYHKHU C UH-
JEKCaMU «a» WIUTIOCTPUPYIOT PEe3yJbTaThl, MOIYYEHHBIE U1 paguyca LWIMHIPA
a=0.4911, a c uaIEeKCOM «O» - M paauyca nuauHapa a=1.911.
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Pucynok 4 — CpaBHeHuE pe3yabTaToOB IS Cllydasi HaJeHUs
E-nonsipu30BaHHON BOJIHBI
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Pucynok 5 — CpaBHeHue pe3ynbTaTOB JJIs Cllydasi MaJeHuUs
H-1nos1s1pu30BaHHON BOJIHBI

AHanu3 NpUBEICHHBIX PUCYHKOB MOKa3bIBAE€T XOpOILIEE COIJIaCOBaHUE pe-
3yJlbTATOB, MOJYYEHHBIX HA OCHOBE pa3pabOTaHHOW MPOrpaMMbl, C U3BECTHBIMU
TEOPETUYECKUMU JTaHHBIMU. Tak, adCOII0THAsI MOTPENTHOCTh HE MpeBbImaeT 6%.
Hekoropoe pacxoxeHue rpagukoB 00yCIOBIEHO HETOUYHOCTBIO OLIU(MPOBKU Ipa-
(ryecKkUx 3aBUCUMOCTEH, MPUBEAEHHBIX B JUTEPATYPE, @ TAKKE OCOOCHHOCTSIMU
MOCTPOEHUS BPYUHYIO CaMHUX I'pa(UKOB B JTUTEPATYPE.

2.9.2 Tlpn uCnonb30BaHUM METOJA KOJUIOKALHH JJISI YUCIEHHOTIO PEIICHUS
MHTETrpajJbHOT0 YpaBHEHUN 0c000€ 3HaU€HHE HEOOXOAUMO YIENATh NPABUILHOMY
PacoIOKEHHUIO TOYEK KOJUIOKALUHU, T.€. JJIMHE OTpe3Ka pa30ueHus KOHTYypa Tela.
Ha pucynke 6 npuBeneHbl pe3ysibTaThl UCCIEIOBAaHUN BIUSHUS BEITUYUHBI JUC-
KpeTa pa3MeIleHHs] TOYEK KOJIJIOKALMU MO KOHTYPY LHMJIMUHIpA Ha TOYHOCTH IMOY-
YaeMbIX pe3yNbTaToB. BenuunHa AUCKpeTa yKa3aHa Ha IoJie pUCYHKOB. JIeBoe mo-
Jie pUCYHKa COOTBETCTBYET CIIy4aro MajJeHusi £-noyiipu30BaHHON BOJIHBI, IPABOE —
H-nonspuzoBanHoil. CIUIONMIHOW JIMHUEW MOKA3aHO PEIICHUE, MOJYYEHHOE C HUC-
MOJIb30BAaHUE CTPOrOro METOJa COOCTBEHHBIX (YHKIMM, TOUKAMH — MPUOIHIKEH-
HOT'O PELICHUS.
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Pucynok 6 — BiusiHue 4ncia TOYeK KOJUIOKAIMKU

Ha TOYHOCTD IMOJYYaCMOIro pCuiCHuA

Ananms IMMOJYYCHHBIX B XOJ€ HUCCIEeOOBAHUN PE3YJIbTATOB IMOKA3bIBACT, YTO
BCJIMUMHA OUCKPETa p336I/ICHI/I5{ KOHTYpa TCjia C OCJIbIO Pa3sMCIICHUA TOYCK KOJLJIO-
Kalln OKa3bIBACT CYHICCTBCHHOC BIIMAHNUEC HA TOYHOCTD IMOJYYaCMOIr'o pCIICHHA.
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3 IIporpaMmma noaroToBKM K padore

1. N3yunTh TEOpETUYECKUE IOJOXKEHUA, KACAIOIIMECSd METOAOB pELICHUS
3a/1ay TUQPAKIUHU IOCKON 3JIEKTPOMArHUTHOM BOJIHBI HA KPYTOBOM MeETaJlIH-
YECKOM LIMJIMHJIPE.
VYSACHUTH 1eb ¥ NOPSIA0OK IPOBEACHUS MPAKTUYECKOTO 3aHATHS.
O3HaKOMHTBCS C PACYETHBIMU COOTHOILLIEHUSIMH, IPOBECTH UX aHAJIN3.
IloATOTOBUTHCS K OTBETAM HAa KOHTPOJIBHBIE BOITPOCHI.
[ToaroroButh GJIaHK OTYETA MO PadOTE.

o~ wn

4 Onmncanue nopsiika padoThl

PaGoTa BbINONHAETCS B CAEAYIOLIEH MOCIIEI0BATEIbHOCTH.

1. TIpoBeneHune wHcCCIENOBAHUN KOPPEKTHOCTU NPOTPaMMbl HAXO0XKICHUS
KOMITOHEHT TUIOTHOCTH IMMOBEPXHOCTHOI'O TOKa METOI0M COOCTBEHHBIX (DYHKLIUA.

Ha nanHom stane HeoO6XxoauMo

- BBIIIACATh COOTHOLIEHUS, OMMCBHIBAIOIINE KOMIIOHEHTHI IUIOTHOCTH IIO-
BEPXHOCTHOTO AJIEKTPUYECKOTO TOKA Ha KPYTOBOM METAJIIMYECKOM LIWIIMHJIPE;

- OMpEAENIUTh B KaU€CTBE BEPXHEW rpaHUlbl psia LMIMHIPUYECKUX (YHK-
it Nz, BenuumHy, 3aBHUCANIYI0 OT pajnyca IWIMHApPA B paauaHHON Mepe Ka.
J1st 3T0TO 1IENIeco00pa3HO UCTIONB30BaTh (HOPMYITy, MPUBEIEHHYIO B [12]:

—0.002107(ka)? +1.432ka +14 ka <100,
1.045ka + 36 ka >100.

- OINPENENIUTh MOCIEA0BATENbHOCTh HOPMUPOBKH KOMILIEKCHBIX aAMILUIUTY]
TOKOB.

[Tocne BBIMOJHEHUS MEPEYUCICHHBIX BBIIIE TEOPETUUYECKUX HUCCIETOBAHUMN
HEOOXOJMMO BBITMIOJIHUTH CPAaBHEHHUE IMOJYy4aeMbIX MPOrpaMMON pe3yibTaTOB C
nanHbiMd w3 [1]. s gyero HeoOXoauMo sl KaXKJAOW MOJsIpU3aliuu Majaronien
BOJIHBI, 33/1aBA€MOI mapaMeTpoM [P B MPOrpaMME BBIYMCIUTH PACIPEICICHUE TO-

Nz(ka) = (91)

KOB Ha HUJIMHJPE, a TAKXKE MOJACOESUHUTh COOTBETCTBYIOLUIUHN (ailn, coaepxamuii
KOHTPOJIbHBIC ITU(PHI.

Pe3ynbpTaThl MOAEIMpPOBaHUS NIEPEHECTH B OiaHK oTyeTa. Beruucauts abco-
JIOTHBIE MOTPEIIHOCTH BbluncaeHui. 3anucarh B Tabnuily 1, koTopas uMeeT BUJ

Tadonuua 1- Pe3ynbTaThl CpaBHEHHS TaHHBIX, MOTYYEHHBIX
P pPELIEHUH 33]a41 METOJOM COOCTBEHHBIX (DYHKIIMIA,
C U3BECTHBIMU U3 [1]

[Monmapuzauus Paguyc mmnunaapa | Paguyc nununapa [Torpemnocts
B JUIMHAX BOJIH B paJIMaHHOMN Mepe BBIYUCIICHUH
E-nonspuzanus 0,493
(p=0) 1,91
H-nonsipuzarus 0,493
(p=1) 1,91
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2. IlpoBenenue wuccaeAOBaHUM KOPPEKTHOCTH MPOTPaMMbl HAXOXJICHUS
KOMITOHEHT ITUIOTHOCTH MOBEPXHOCTHOTO TOKa METOJIOM MHTErPaJIbHBIX YPAaBHEHU
Y YHCJIEHHOT'O PEIICHHs] YPaBHEHU METOAOM KOJUIOKAI[MH.

Ha nanHom stane HeoO6XxoauMo

- BBINIKCATh MHTErPajbHbIE YPABHEHMSI, OMUCHIBAIOIINE HAXOXKIEHUE KOMIIO-
HEHT IJIOTHOCTHU MMOBEPXHOCTHOTO 3JIEKTPUUYECKOTO TOKAa Ha KPYTrOBOM METaJIMye-
CKOM LWJIMHJpE IS IBYX CJIy4aeB MOJSPU3ALMHU [1a/1al0IIeH BOJIHBI;

- BBINOJHUTh HCCIEAOBAHMS BIUSHUSA BEIMYMHBI OTpe3Ka pa3OMeHHs] Ha
TOYHOCTH IMOJIYYa€MOTO PElICHMs. 3a 3TaJOH B3SITh PEIICHHE, MOTYYEHHOE METO-
JIOM COOCTBEHHBIX (DYHKIIMA.

Pe3ynbTaThl uccienoBanuii 3anecty B Tabiuily 2 oT4eTa, UMEIOIIYIO BUT:
Tabnuua 2-BnusHue quckpera pa30uMeHUs] KOHTYypa

Ha TOYHOCTb MOJYYaEMbIX PE3YyJIbTaTOB

[Monsipuzanus | Bemwmuumna | Tlopsmox | O0ycnoBneHHOCTH | OTHOCHTEINB- Hessizka
JIUCKpeTa CIIAY cond Hasl TIOTPeIII- ‘ g‘ %1075
d/A N HOCTb max
‘e‘max’ %
E- 0,01
TOJISIPU3ALIHAS 0,05
(p=0) 0,1
0,2
H- 0,01
TIOJISIPU3ALIHAS 0,05
(p=1) 0,1
0,2

[Tonyyaembie mipu 3TOM rpaduKu pacrpeaesieHus MIOTHOCTH MOBEPXHOCT-
HOT'O TOKa 3aHECTH B OJIaHK OTYETA.

3. Ha ocHOBaHHMM ITPOBEAEHHBIX MCCIIEIOBAaHUM, BBINIOJHEHHBIX Ha 3Tanax 1
U 2, BBINOJHUTH cpaBHEHUE 3()(PEKTUBHOCTH NPUMEHEHHUS METOJIa COOCTBEHHBIX
(GyHKUMNA ¥ METOJa MHTETPaIbHBIX YPaBHEHHUH JUIsl petieHus: chopMyIHMpOBaHHON
3a/1a4, CIEJIaTh COOTBETCTBYIOIINE BEIBO/BI.

5 Conep:xkanme oTyera

1. PucyHku, nosiCHAIOIKE T€OMETPUIO 3aJaUu.

2. Vcnionb3yemble pacyeTHbIE COOTHOLIEHUS.

3. 3anonHeHHble Ta0aULE! 1 U 2.

4. I'pacdukm, 3a1aHHBIC B OMMCAHUN MTPAKTHYECKOTO 3aHSATHSI.
5. Kpatkue BbIBOABI 110 padoTe.

6 KoHTposbHbIE BONPOCHI

1. Kakue mMeToapl UCMONB3YIOTCS JJIs1 PEIICHUS KPAeBBIX 3a]1a4 JIECKTPOIU-
HAMHUKU?
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2. YTO OTHOCHTCS K KpPAa€BBbIM 3aJ1a4aM dJIEKTPOJUHAMUKN ?

3. Korzma mMoryT ObITh HMCHOJNB30BaHbI CTpOTHE MeTo/bl pemieHusi? KakoBbl
UX JOCTOMHCTBA U HEJIOCTaTKU ?

4. B xakux ciayyasix IpUMEHSIOTCS YUCICHHbIE METObI?

5. KakoBbI TOCTOMHCTBA U HEJIOCTATKU YHCJIEHHBIX METOJOB?
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