H3BECTHA
TOMCHOTO OPJJEHA OKTABPBCHOM PEBOJIIOIIHH
U OPJEHA TPYJAOBOI'O KPACHOI'O 3HAMEHH IIOJHTEXHHYECKOT'O
HHCTUTYTA mmenu C. M. Kuposa
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PACYET HHAYKTUBHOCTH JIOBOBbLIX YACTEH YJAPHOIO
TEHEPATOPA NPHU HAJIMYHUH TOKOMNPOBOASIIHX IKPAHOB

JI. O. OT'AHAH

(IlpegcraBiedHa HayyHBIM CceMHHapoMm HKadejp 3JNeKTPHYECKHX MallHH
H ofIiell 3JIeKTPOTeXHHKH)

FHAYKTHBHOE CONPOTHBJEHHE pacCesiHHs B 30He JOOOBLIX 4acTed 00-
MOTKi CTaTOpa CHHXPOHHOTO IeHepaTopa COCTABJSIeT 3HAYHUTENbHYIO 'acth
erc CBepXnepexopHOr0 CONPOTHUBIEHHA. YMeHbLUICHHE IIOTOKOB JOGOBOCO
paccesins OGMOTKH CTaTcpa B y/AapHbIX TeHepaTopax JOCTHraeTcs Jubo
BLIGOPOM TAKOro Tuna oOMOTKH, IPH KOTOPOM IMOTOK PAacCesHuss MHHHMAaJb-
HBIH, 1160 3aK/AKOUeHHEM JOOOBLIX 4acTel MAalIdHBl B 3KpaHBl H3 MaTepua-
0B ¢ OOAbIIOH 3JeKTPONPOBOJAHOCTBIO, KOrjJa BCJAeJCTBHe HaBeleHHs BH-
APEBbIX TOKOB B CTeHKax 3KpaHa NoJe paccesiHHsa B 30He JOOOBBIX yacTeli
oc1al/1geTcs, YTO NPUBOAHNT K CHHKEHHIO HHAYKTHBHOCTH paccCesiHHsl.

OueHKa BJAMSHUS TOKONPOBOASIIHMX 3KPaHOB Ha HMHAYKTHBHOCTH pac-
ceqannsi o6MOTKH cTaTopa YAAapHOrO TreHepaTopa MpPeACTaBJseT NpaKTHYe-
CKHII MHTepec Ha CcraiHM ero NPOeKTHPOBAHHS.

B Hacrodlleil cTaTbe 3Ta 3ajaya pellaeTcs HyTeM HHTerpHpOBaHUS
ypasHesuid MaxkcBeasia A1 3J€KTPOMATHHTHOrO MOJsL B 3KpPaHHPYeMOM
upocrpancrase [1]:

ol

rotB = p.8, (h
divB = 0. 2)

Tokamu cMetleHHsT B 30He JOOGOBBIX yYacTedl mnpeHebGperaem.

CxeMa paccMaTpuUBaeMOM CHCTeMBl NpHBelleHa Ha pHc. 1, a. Crepxkenb
BLICOTOI b M LIMpPHHOU a yCTaHOBJEH B NPSIMOYFOJbHOM 3KpaHe C BHyTpeH-
wumn pasmepamu H u T. PaccrosiHue MeXnay cTep:KHeM M BHYTPeHHeN. Ho-
BEDXHOCTbIO 9KpaHa ompeledsiercss TOMUKHON H3oisuuu A. [Ipu pemenuu
3a/aud NPHHATHI CJAeLYIOU[He AOUYIIeHHUs:

1. MarepnanoM 3KpaHa CJHyXKHUT HIAeaJbHbll NpPOBOAHUK. [lom wume-
aJibHL!'M TPOBOAHHKOM IIOHHMAeTCsl NPOBOAHHK, yHIeJbHash NPOBOMHMOCTEL
KoToporo paBHa 6ecKoHeyHOCTH (y=oo, p=1). B srtom ciyuae Tok Ha no-
BEDXHOCTH 3KpaHa OrpaHHYHBAeT MACHHTHOe NOJNe B 3KpaHHpPyeMoil 06-
JACTH. ~

2. B mensix ypaBHOBELIHBAHHS 3JEKTPOMATHUTHBIX VCHJIHH MeXIy
CTep:KHEeM M SKPAHOM NPHHSITA CHMMETpPHUHAS] YCTAHOBKA CTEPXKHS B 3Kpa-
e [2].

( :l)).) YnenbHast MPOBOAHMOCTb MaTrepHala CTePXKHS NPUHATA paBHOMH |
=

Ilpn nmpuHATON KOH(HIypalMH paccMaTpUBaeMOH CHCTeMbl YA0GHO
3JeKTPOMAardHTHOE IM0Jie pacCMaTphUBaTh B AEKApPTOBOH CHCTeMe KOOPIH-
nat. A TaKk Kak CHCTeMa pacrojoxeHa CHMMETPHYHO OTHOCHTEJIBHO OCH X,
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Puc. 1. Pacyernas cxema peile-
HUA 3aflaud; a) B3aUMHOE PAacCIoJIo-
JKEeHHe »JeMeBRTOB 1 — CTepieHb,
2 — B3KpaH; 06) pacnpejejeHHe HH-
AYKIIMH 110 TIOBEPXHOCTH BSKpaHa

TO ACCSTATOUYHO paCCUMTarb o HCCAE10BATH IoJle TOJBKO B ORAHON U3 gacreil
pacenMaTpUBaeMoro NpocTPaHCTBa.

McciaenoBanne MpoBOAHTCS € TNOMOILbLIO GYHKHHH BEKTOPHOrO TMOTel-
fiHasa MaradTHoro noJas. Ypaeueunst (1) M (2) 3anuceBaioTCa B BUAE

rotA —= B, (la)
divh = 0. | (2a)

Pacnpegenente HHAYKIMH B SKPaHHPYEMOM MPOCTPAHCTBE MOXKHO Hak-
TH, TPEeNBApHTENbHO ONpPefeJHB BEeKTOPHBIH MOTeHIHaJd MAarHHTHOIO MOdsi
KaK (GYHKUMI KOOpIHHAT.

B snibpaunoit cucreMe ypaBHenusi (la) u (2a) 3anucelBAIOTCS Clle-
ayioiur 06pasom:

o’A da?A \

63( + dy = — 0, . , (3)
0’A | O'A
o gy 7O @

rie § — IJOTHOCTh TOKA.

Jonyienue | He naeT BO3MOKHOCTH HCCJIELIOBaTb IoJle BHYTpH TeJaa
skpana. OnpenedeHnHe BEKTOPHOrO MOTEHUHAJTA TPOH3BOAKTCA B ABYX 06-
JacTax, Ha KOTopble pa3buBaeTcs HcclefyeMmoe mpoctpaHcreo [3].

B o6aactu 1 cnpaBemnuBo ypaBHenue Ilyaccona (3), B o6mactu 11—
VpaBHeHHe Jlansnaca (4). Ilpn yka3aHHOM pacHOJIOXKEHHH paccMaTpuBae-
MOH. .CHCTEMBI* OTHOCHTENbHO. OCeH KOOPAMHAT NJIOTHOCTB TOKa B CTep)K
He Nnpe/CTaBHM B BUJie TpHFOHOMeTqueCKoro psina:

=313, (y)sinkx, | ®)

.nl

roe KosdPULHEHT (Sn(y) B o0LIeM cnyqae 3aBUCHT OT Y H onpezle.rmeTc;l H3-
BECTHLIMH (OPMYyIaMH CDypbe

3 (y) =

R kedx = 2L cosia ‘—135) 6)
josmxx o= ap CO% x(n-

—T
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T — noaynepuon pasioKeHus;

ab — ceuense cTepKHSA;

[ — Tok B cTepxue.

CsiepoBaTenbHO, BEIpaXkeHHe (5) 3anuLIeTCs B BH/e

5 A 2 —3}— cos kA sin kx. (7)

wab 1313

BEKTOPHbI NOTEHUHAJ MAartuTHOrO MOJASA  ABJAAETCH  MEePHOLHUYECKOIl
(pyHKLIHEH OT X C TeM JKe NepHOJIOM, YTo H 0, oblilee BEIpa)kKeHHe aas A Oy-
ZeT

A— él Ag(y)sinkx . ()

IToncraBu (7) u (8) B (3), a (8) B (4), monyuaeM BHIpaXKeHHF 15
onpenenenus A,(y) coorBercTBeHHO B obsactax [ u

P 41
An (Y) — szn(Y) =0 W cos kA | (9)
A (y) — K AL(y) = 0. (10)
Peutenue ypapnenuit (9) u (10) noayuaem B BHje
4v I

(V) = ky ,,e—kY o b T2ens
Ap(y) = Ce™ 4 Gy - (=0)° ab T?coskA, (11)
An(y) = Fef7 + Fpe &7, (12)

ITpu onpenenendy NOCTOSIHHBIX HHTEIPUPOBAHMS HCXOAHM M3 CJAEAY-
IOIUX I'PAHUUHBIX YCJIOBHH:
1. B nnockoctu y=0 OTCYTCTBYyeT TaHreHIHaJbHasd COCTABJASAIOLAA HH-

AYKIHH

2. Ha rpanunune o6aacteil JOJMXKHBI ObiThb HeNpepbiBHBI KacaTelbHBIE I
HOpMaJbHble COCTABJASOLIHE HHAYKUHMH Mar{HUTHOTO TOJd

b
npu y :—2— .
JAir _ 0Aun . 9A;  JAy
dy ~ dy ' dx  Ox
3. Ilpu y= o 3HAUEHHE BEKTOPHOTO MOTEHIUHANA PaBHO 0.

PaccmoTpennble Bbillle FpaHHYHble YCJAOBHS JalOT CHCTeMY H3 ueTbipex
anrebpanyecKnx YypaBHeHH# 1Jis onpeleseHHss KO3$(PHUOMEHTOB HHTerpu-
posanust C;, Cy, Fy u Fo.

Pelrup cucteMy M NOJACTABHUB 3HAayeHHsl KO3pPHULNEHTOB B ypaBHeHHA
(11) n (12), nonyuaem cienymouite BuipaxeHus Jas Ap(v):

B obsactu 1

dp, 1 chkA ’
A (V) = ~(—n—ni)5 ab coskA [ 1 — ——-ﬁ-chky ) (13)
Chk—g—
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B obaactu Il

ShK——b
o4, 1 2 H
Aply) = ) ab, S kA C———hk = shk( -5 Y ) (14)
2

CooTBeTcTBEeHHO TonaCTaBUB 3HaueHus Ap(y) us (13) u (14) B dop-
Myay (8), monydaem ofliee BhipaxKeHHe IS BEKTOPHOH TMOTEHLHAJbHOII
(PYHKLIHH:

gnga obaacru [

A

A= 2 Lo WV ora (1 —RA iy \sinkx , (15)
= ab n? H
Chk'T

n=1,3,5

naa obaactu IT

b
4y 1 2 1 shk=g -
A = _iiao____Tz — cos kA ____ASl’]k(—— —y ) sinkx . (16)
T ab n H
n=1,3,5 hk_—_ '

M3 Buipaxenuit (15) u (16) MoXHO MOayuuTh GOPMYJBI L5 pacuera
BCEX TEXHHYeCKUX XAPAKTePHUCTHK DACCMaTpPUBAeMOil CHCTEMLI: pacnpene-
JIeHHe HHAYKUHH, 3HEpPruH IO0Js, HHIYKTHBHOCTH, YCHJHH B3aHMOJEHCTBHSA
MeXJy CTep:KHEeM M 3KPaHOM H T. .

CocraBasiioniie MarHUTHOH HHAYKUHHU PaBHBL:

B obaacru |

O0A; 4u, 1 1 chkA

- ——— = — = % - - i : I3 r Qi
By= 5y 2 ap T g2 €Os kA H shky sinkx ,
n=1,3,5 chk -
o 2 (17)
) ' A
By = — —(aﬁ—— —L& -T v —1—2~ cos kA | 1 — _chka chky \coskx;
X rt v H
n- 1 4.5 khk—g
B obumactu Il
b
hk ——
_OAn 4w ] 1 ShK 5 / H _
Bx”—ww — abT E g €os kA H~chk 5 Y ) sin kx ,
n=1,3,5 chk 92
(18)
b
skk- .
_ OAny 4 1 EI_L 9 H
By”—- 3% — .2 ﬂb—T n2- coskA —-—H— shk ( 2— y )COSkX .
n=L3.5 shk D) )

KapTuHa pacnpenenenuss HHAYKLUHMHK 110 NOBEPXHOCTH 3Kpana x=0 mas cay-
uas a=1, b=3a, A=0,5a nokazana wua puc. 1 6. AHanoruuHas KapTHHA
pacnpejeieHdss HHIYKLUHH HMeeT MeCTO JJS OCTAJbHbIX MOBEPXHOCTEH.

HMHIyKTHBHOCTL paccMaTpHBaeMOH CHCTEMbl ONpele/sercs yepes 3Hep
THIO MarHHTHOIO 1OJsl

2 ,
L = —— ) E?dV. 16
l-’-op é" (1%

137



[Tociie wHTerpupomanHs HoJyuaeM cjedyiolilee BHpa)KeHHe s pacueTa
MHIYKTHBHOCTH 3KPAalHPOBAHHON JOOOBON YacTH Ha eAHBHLYV €€ JJHIDLL:

8py T YY1 .
L — T’Q_(—i_b_)? 3 —n—S-LOa k.l (ZNI "%"' N[[) 9 (20)
n=-1.3,5
TIe
Kb chkAshk —b— [ chedc k—g- ‘\\
Ny = : £ -2
- hkﬂ chk—H— } ,
R \ 2 .
sk2k g
Nip = - — ch?kA .
.. H
ch'k 5

Iosiyuenuast ¢popmysaa (20) jpaeT BO3MOXKHOCTb pPacCUUTATh HHAYKTHBHOCTL
3KpaHHpPOBAHHBIX CTepiKHeH JOOOBBIX COeJUHeHMH OOMOTKM cTaTopa B 3a-
BHCHMOCTH OT TreoMeTPHUECKHX pa3MepoB 3JEMEHTOB paccMaTPHBAEMOH
CHCTEMBL.

AHANHN3 MONYYEHHOTO BLIPAKEHHS [JS pPacdeTa HHAYKTHBHOCTYU NOKa-
3biBaer, uto 3(Q¢heKT 3KPaHHUPOBAHHS 33BUCHT B OCHOBHOM OT pacCTOSHUSA
MeXKJy 5KPaHOM M NMOBepXHOCTHIO MelH JIOGOBOH Y4acTH H  OT OTHOLUEHHS

b

CTOpPOH 7 -

£ 10w

VAN

17

£
a

o 1 2 3 4 5

Puc. 2. - UsMeHeHHe L B 3aBHCHMOCTH OT OT-

b .
HOIIEHHA 3 [PH TOCTOAHHOM 3HAYEHHH CEYEHHA

crepxHA # A=0,5a

Ha puc. 2 npuBeieHa 3aBHCHMOCTb. HHAYKTHBHOCTH J000BOH 4acTu OT
b

OTHOIIGHAA PA3MEPOB - - NPH NOCTOSIHHOM CEYeHHH CTepKHS M OTHOIIe-
nua - =0,5. Hau6osbiielt WHAVKTUBHOCTBIO OGJajaer CHCIeMa, B KOTO-

) , b ‘
poll OTHOLUeHHe —»a—'. =1. Yem 6Goablie HAHHOEe OTHOIIEHHE OTJHYHO OT 1,

TeM MeHbllle HHAYKTHBHOCTb. IIpH — =6 HHAYKTHBHOCTb CHHXKAETCH IIPH-
MepHO BTpOe. .

S dekT 3KpaHHpOBands B GONLIIOH CTeNEHH 3aBHCHT OT OTHOUICHHS
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Puc. 3. HU3sMeHenue B 3aBHCUMOCTH OT pac-
CTOSHHA MEWAY CTepHHeM H noaepxmcgmo 3K-

paHa TpH pPal3JHAYHBIX OTHOINEHHAX ~—
a

A
a
BAHHBLIX CTepXKHeil JOGOBON 4YacTH B 3aBUCHMOCTH OT DAacCTOSHHA 1O IO-

. Ha puc. 3 nokasan xapakTep H3MeHeHHSI HHAYKTHBHOCTH 3KpaHHPO-

BEPXHOCTH 3KpaHa ITIpd pa3yHYHbIX OTHOIEHHAX -a'—' OLIeBI’IlIHO, YTO YEM

.....

~ A
MeHbLIe BENHYHHA —-, TeM 3¢ PeKT 3KpaHHPOBAHHA CKA3BIBAETCA CUJIbHEE.

ITC NOATBEpPXKIAaeTcd 3KcnepuMmeHTadpbHO. Ha puc. 3 myHKTHpOM NpOBeje-
Ha 9KCHepPHMeHTaJbHasl KPHBAsi 3aBHCHMOCTH HWHJAYKTHBHOCTH JIODOBOfi yac-

‘TH OT OTHOLIEHHSHA q° Oua noJsydyeHa npH OTHOILICHHH CTOPOH CTEpPXKHSA

b .
a—=1 u yacrorte nurtatomei cetu 1000 ru. TosuuHa skpasa 6 mm. Pesynn-

TaTLi 3KCIepPUMeHTa HalH YAOBJeTBODHTEJbHOe COBMAleHHEe C TenpeTHye-
CKHMH BBIKJaAKaMH.

.;PacueTnl MOKa3bIBAIOT HCKJIOUHTENbHOE BIHSHHE BeJHYHEB A Ha HH-
JIVKTHBHOCTb ~ paccesiHust Jgo6oBoit  uacth. Tak, ysenuyenue A c 0,la
(A=0,1a coorpeTcTBYeT MHHUMAJbHO JONYCTHMOH TOJMIHHE H30JALHH
jioGoBol yacTy o6MoTKH) 1o 0,5a MpHBOAHT K BO3PACTAHHIO HHAYKTHBHO-
cTH J06oBofl uyactH B 2—3 pasa. [Ipu A=5--6a HHAYKTHBHOCTb JIOGOBOI
YACTH : ZOCTHTaeT cBoero Haubosbiuero 3HaueHus. ChaefyeT CYHTATh 3TO 3HA-
ueyne COOCTBEHHOH HHAYKTHBHOCTBLIO JIOOOBOH yacTH B BO3JyXe INpPH OTCYT-
CTBHH 3KpaHoB. TakuM o6pa3oM, MOJb3ysCb NMPHBEIEHHbBIMH 3aBHCHMOCTHA-
MH, MOXXHO OLEHHTb B II€PBOM NpHOJNHKEHHH Aemndupymooliee AeHCTBHE TO-
KONPOBOASAIIMX JKPAHOB Ha HHAYKTHBHOCTH JIOGOBOTO paccesHHs, CPaBHH-
Bag MeXay co60H HHAYKTHBHOCTL TPH IPHHATHIX 3HAYEHHAX A € HMHIAYK-
“THBHOCTBIO TIPH Amax.
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