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Hageoeni pesynomamu 00cnioyceHns ehekmueHocmi eKpanyeanHsa MazHimnozo noaa ROCMIHUX CMpymie 3a 00NOMO2010 Cuc-
memu KOHmMYpie 3i CMpymom, AKi po3mauio6ani Ha ROGEPXHI, WO OMOUYE 0xcepeaa MAZHIMHO20 NOJA.

Hpuset)eubt pe3yibmamal uccneoosanus 3d)¢el<muenocmu IKPAHUPOBAHUA MACHUNIHO20 NOJIA ROCHIOAHHBIX MOKO8 C ROMOULbIO
CcuUcmembl KOHmypoe ¢ noKom, pacnojl0HceHHblX Ha n06epxXHocmu, 0xaambmalomeﬁ UCMOYHUKU MACHUMHO20 nOJiA.

BBEJIEHUE

OobecrieueHne 3JIEKTPOMArHUTHOW COBMECTHMOCTH
ANEKTPOTEXHUYECKOro obopymoBanus (J0) ¢ okpyKaro-
el cpemoil Hepa3phIBHO CBA3aHO C MPOOIEMOM CHIDKe-
HUs ero BHemHero marautHoro moinst (MIT) [1-3]. Akry-
ABHOCTh JTOHM MpoONieMBl TpuoOperaeT Bce Ooublee
3HAYEHHE B CBSI3M C MOCTOSIHHBIM POCTOM EIUHUYHOU U
yaenpHOM MomHocTel DO U y)KeCTOYCHHEM SKOJIOTHYe-
CKHX TpeOOBaHUH.

Jmst camxenust moctosaaoro MIT D0 mwmpoko wuc-
MOJIB3YETCs] TACCUBHOE KPAHUPOBAHKE, KOTOPOE 3aKIIIO-
yaeTrcs B pa3MelleHud BOKpYr DO dKpaHHPYIOUIMX Me-
TAJUIMYECKUX 00O0JI0YEeK C BBICOKOH MarHWTHOM NIpPOHU-
aeMocThi0. D(P(HEeKTUBHOCTH TAKOTO IKPAHUPOBAHUS TEM
BbIIlIe, YeM OOJIbIlle TOJIIMHA 3KPaHUPYIOMEH 000JI09KN
W MarHWTHas NPOHHUIAEMOCTh ee Marepuana. OpHako
MIPAaKTHUECKOE JOCTH)KEHHE BBICOKOH 3¢ (PEKTHBHOCTH
MacCUBHOTO dKpaHupoBaHusi MII orpann4uBaeTcst Tpebo-
BaHMSAMHU K MaccOra0apUTHBIM MapaMeTpaM 3KpaHHpPYIO-
IIUX JIEMEHTOB M UX CTOUMOCTH.

HepCHeKTHBHbIM METOAOM CHHIKCHHUA IMOCTOSHHOI'O
MII 30 sBnsieTca MeTOJ aKTUBHOTO AKpaHUpoBaHud [4],
KOTOPBI ocHOBaH Ha kommneHcaiu MII D0 Ha HekoTo-
poil 3aMKHYTOM NOBEPXHOCTH, oOXxBaThiBaromed 20, ¢
TIOMOIIBIO CHCTEMBI KOHTYPOB C TOKOM, PacIiojIOKeHHBIX
Ha 3TOW MOBEPXHOCTH. DKPAaHUPYIOILUE CBOMCTBA TaKOil
CHCTEMBI KOHTYPOB OIPEIEISIOTCS TI'€OMETPUIECKIMU
rapamMeTpamMH ITTOBEPXHOCTH, Ha KOTOPOIl OHHM pacroia-
TafoTCsl, KOJMMYECTBOM KOHTYPOB, a TAaKXKE aJrOPUTMOM
yIpaBIeHUs] TOKaMH 3THX KOHTypoB. K mpuHnmmuanb-
HBIM JOCTOMHCTBAM METOAAa OTHOCHTCS BO3MOKHOCTb
JIOCTHKEHUSI BBICOKOM CTeTeHu dkpaHupoBanus MIT 20
IpU OrPaHUUYEHHBIX Maccora0apUTHBIX NapaMeTpax K-
PaHUPYIOLIUX 3JIEMEHTOB.

B nokmane paccMoTpeHa cucTeMa aKTHBHOTO 3Kpa-
nuposanus (CAD) Bremero MIT D0, Bo30yxmaemoro
MTOCTOSTHHBIM 3JIEKTPUYECKUM TOKOM, B KOTOPOW KOMIIEH-
caqust MII npousBoauTcs Ha 3aMKHYTOM HOBEPXHOCTH
KyOndeckoi (hOpMBI, ¥ TIPUBEICHBI PE3YIIBTAThl HCCIIEN0-
BaHWA €€ DKPAHWPYIOIIMX CBOWHCTB B 3aBHCHMOCTH OT
KOJINYECTBA KOHTYPOB C TOKOM, HCIIOJIb3YEMBIX Ul KOM-
neHcauuu MIL

OIIMCAHUE CAD U AJITOPUTMA EE PABOTbI
CAD mpencrapnsger coboi COBOKYMHOCTE N  OJH-
HAKOBBIX KBaJIPATHBIX KOHTYPOB C PETyJIHPYEMbBIM TOKOM

— MarHuTHBIX HCIOJHUTENbHBIX opranoB (MUO), koro-
peie 00pa3zyroT N HE3aBHUCHMBIX KaHAJOB YIPaBICHUS
CAD. MHO pacnonoxeHsl paBHOMEPHO BCTHIK JPYT C
JIPYTOM Ha TOBEPXHOCTH S KyOmuecKod (OpMBI, KOTO-
pas oxBaTbiBaeT D0 WM €ro 9acTh C 3aMKHYTBHIM JTHHEH-
HBbIM IIOCTOAHHBIM TOKOM [30 — HUCTOYHHUKOM BHCUIHEI'O
MII 30. BenuuuHa ¥ MPOCTPAHCTBEHHOE PACIIONIOKEHUE
TOKa [,, TMPEroyIaraloTcsi M3BECTHBIMU.

O6o3Haunm 4epes U ckamsipHsiii norexHuuan MII

MHMO -ro kaHana ynpasieHUs B 3aaHHOH Touke (;
y4acTKa MOBEPXHOCTH S; € S, OTPaHUIEHHOTO KOHTYpOM

MMUO i -ro xaHana ympasieHus, a 9epe3 U,,; - cKamsp-

Hbll moteHnuan MII Toka 7,, B Toif xe Touke (;. To-
IZa, COrjJacHo [4], MOXKHO 3amucaTh CIEIYIOIIYI0 CHCTe-
My JIMHEIHBIX YPaBHEHUN KOMIIEHCALUU CKaJSIPHOIO IIO-
teHnuana MII Toka /,, Ha noBepxHOCTH §
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DPook =— 43‘7’; ; Qi 1 Q,; - TENECHbIE YIJIbl, T/ KOTO-

pBIMH BHJHBI M3 TOYKH (J; COOTBETCTBEHHO KOHTYpP

MMUO j -ro kaHana ynpaBjIeHUs U TOK [, .

Ecmu Bremaee MIT D0 cozmaercst cHCTEMOM 1TOCTO-
SIHHBIX TOKOB, TO B ypaBHEeHHUAX (1) mox CKamsapHBIM MO-
TeHnuanoM U, cllelyeT NOHUMAaTh CKAaJLIPHbINA IOTEH-
muan MII, co3gaBaemblii CHCTEMOI THX TOKOB.

HeobxonuMo Takke 3aMEeTUTh, YTO KOMIICHCAIIHS
ckayspHoro noreniuana MII Toka /,, Ha MOBEPXHOCTH
S B cooTBeTcTBUH C (1) OyHET IMONHOM TONBKO B TOYKAX
O; (=12,.,N). B gpyrux Toukax MOBEpXHOCTH S
KOMITEHCAIMsl CKJISPHOTO MarHUTHOTO MOTEHUuasia Oy-
JIET TeM BbIIe, 4eM Ooubliee konmdectso MUO Oyner
pa3MeILEeHo Ha 3TOI OBEPXHOCTH.

[Ipeobpa3sys cucremy ypasHeHuit (1) n nepexons kK
ee BEKTOPHO-MAaTPHYHON (hopMe 3amucH, MOIYYHM Clie-
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AyIOllee ypPaBHEHUE KOMIIEHCALMHU CKAISAPHOIO IOTEH-
nuana MII Toxa /,, Ha noBepxHocTH S

P-I+P,-1,,=0, 2)
rae I =[Il,12,...,IN]T - BekTop-cToibern; TokoB MUO;

5 T
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LUEHTOB Do 5
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Pemenue ypaBHeHus (2) OTHOCUTENBHO BeKTOpa [
HEU3BECTHHIX TOkoB MU O

. -
I=-P " -Py-1,, 3)

rae P! - MaTpwuiia, oopatHas Matpuie P,

JaeT 3akoH ympaeieHus Tokamu MUO, obecneunBaro-
IIUI KOMIIEHCAUUIO CKajsipHoro norenuuana MII Toka
1,, Ha MOBEPXHOCTH S W, COOTBETCTBEHHO, B IIPOCTPAH-

CTBE BHE 3TOW MMOBEPXHOCTH.

NCCIEJOBAHUE SKPAHUPVYIOINX
CBOMCTB CAD
Jna uccnenoBanmu 3KpaHupyonmx cBoiicts CAD
BOKpYT Hee BbIJEIsUIach CIelHanbHas KOHTPOJbHAS I10-
BEPXHOCTh S, KyOmueckoil Qopmbl, pacronaoxeHHas

CUMMETPUYHO OTHOCHUTEIIFHO SKPAHUPYIOMIEH MOBEPXHO-
CTH S Ha pacCTOsIHUU A, PaBHOM TIOJIOBMHE JIMHbBI
pebpa kyda moBepxnoctu S . Ha 3Toif moBepxHOCTH B
3aJaHHBIX KOHTPOJBHBIX TOUKaX (M0 9 Ha KaxIOH rpaHu
TIOBEPXHOCTH) ONpeaessuiach HampsbkeHHOCTh MIT mpu
BEIKITIOUEHHOH 1 BKmoueHHON CAD. Mcrounuk MII 20
MMHUTHPOBAJICA KBaJpaTHBIM KOHTYPOM C TOKOM [,, €O

CTOpOoHOU A , pa3memnieHHbIM B IieHTpe CAD.

OddextuBHOCTS dKpaHupoBanust Ko MII 30 Ha
KOHTPOJIbHO! IIOBEPXHOCTH S ONPEIEIsIach Pa3IelbHO
U1l Kakaol m3 ee rpaHedt (Syq,Sk2,--» Ske )» KaK OTHO-
LICHHE MaKCHUMAJIbHBIX 3HaY€HUH HanpspbkeHHoctd MII B
KOHTPOJIBHBIX TOYKaxX TI'PaHW MOBEPXHOCTH TPH OTKIIIO-
yeHHOU U BkiIoueHHOM CAD. JlomonHUTENbHO, AJI BO3-
MOYKHOCTH KOCBEHHOW OILEHKH 3((EeKTHBHOCTH SKpaHU-
posarus MII D0 Ha Gompmmx paccrosHusSX L ot D0,
JUISL KOTOPBIX BBINIOJHAETCA yciaoBue L >> A, pacCuuThl-
Bajcs kodduimeHT Ky KOMIEHCAIMH MarHUTHOTO
MomeHTa D0, onpeseNsieMblil Kak OTHOIIEHWE MarHUTHO-
ro MomeHTa Toka 90 K cyMMapHOMY MarHUTHOMY MO-
MeHTy TokoB D0 u MUO.

B rtabmune npusenensl mapamerpsl K5 u Ky,
onpezaenenubie i1 CAD ¢ pa3InyHBIM KOJUYECTBOM
MHUO N Ha 5KpaHHUPYIOLICH MOBEPXHOCTH S IS OBYX
BapUAHTOB I0J0KEHHs KOHTYpa ¢ TOKOM [, : KOrJia CTo-
POHBI KOHTYPA IIapajulebHbl CTOPOHAM OJHOW U3 rpaHeu
moBepxHOcTH S (OTMe4eHO 3HakKoM "=") m Korma Iioc-
KOCTBh KOHTYpa COCTaBJIsIeT yroua 45° ¢ IByMs mapaieib-
HBIMU TpaHsMU HoBepxHOcTH S u yroa 90° ¢ apyrumu

TpaHsSIMH STOU MOBEPXHOCTH (OTMEUEHO 3HaKoM " L"),

Tabmima
PesynpTatThl onpeseneHus dkpaHupyomux csoiicts CAD
Kon-Bo Kn Knmt
12/[]3()) SKI’ SK2 SK3’ SK4 SKS’ SK6
= |1 Z | = £ = L = £

1x6=6 2732|2723 )26 |23 | 16 7
4x6=24 21 | 17 | 21 | 12 14 12 | 23 19
9x6=54 27 129 | 27 | 46 | 54 | 46 | 46 | 49
16x6=96 | 49 | 49 | 49 | 75 | 91 75 | 79 | 81
25x6=150| 72 | 73 | 72 | 113 | 139 | 113 | 117 | 120

W3 npuBeneHHbIX AHHBIX CJIEAyeT, 4TO 3(pPEeKTUB-
Hoe skpanupoBanue MII DO obecneunBaeTcs yxe Npu
N =6 (ocmabnerne MIT D0 B 2,3 — 2,7 pa3 Ha KOH-
TPOJNBHOM NMOBEPXHOCTH S, U B 7 - 16 pa3 B nanbHel 30-

HE) W BO3PACTaeT C JAIbHEHIINM YBEJIMYEHHEM KOJIIye-
ctea MUO. IIpu N =150 MII D0 ocnabnsercss Ha KOH-
TPOJIBHOI MoBepxHOCTH B 72 — 113 pa3, a B qanbpHel 30He
B 117 - 120 pas.

B paMKax HaCTOALIETO HUCCICAOBAHUS IMPOBEPAINCH
Takxke 3KkpaHupyoomue cBoiictBa CAD mpu 0TCyTCTBUH
MMUO Ha oTHeNbHBIX yYacTKax MoBepxHocTH S . B wacrt-
HocTH, ipy Hammunu MHWO ToipKO Ha IBYX IpaHIX IIOo-
BEPXHOCTH S , MapajUIeNbHBIX IUNIOCKOCTH KOHTYpa C TO-

KoM [ ocnabnenne MII Toka Ha KOHTPOJIBHOW IMO-

20
BEPXHOCTH S CO CTOPOHBI 3TUX IPaHEH COCTaBHIIO Be-

mnauHy Oonee 5 pa3 mpu obmem kommdectBe MO Ha
obenx rpaHsx N =8, 4TO CBUAETENLCTBYET O BO3MOXKHO-
cTH poctaTouHo 3¢ dexTrBHOrO 3kpanuposanust MII 30
B OJIDKHMX JIOKQIBHBIX 30HAX BHEIIHETO IMPOCTPAaHCTBA
IIPU HE3aMKHYTOH OBEPXHOCTH 3KpaHupoBanus S CAD.

BBIBOJIbI

IIpoBenennoe uccienoBanne CAD Mmokaszaao BO3-
MOXXHOCTh JIOCTHDKEHHSI BBICOKOW 3(()EKTHMBHOCTH JKpa-
HupoBanus MII nocrossHHBIX TOKOB DO MpHU OrpaHUYEH-
HBIX MaccorabapuTHBIX MapaMeTpax dKpaHHPYIOIIUX
3JIEMEHTOB, YTO MMOJATBEPIKAACT OCHOBHBIC TCOPETHUYCCKHE
MOJIOXKCHHUS METOAa AaKTUBHOTO JKPaHUPOBAHUS, H3JIO-
JKEHHbIE B [4].
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