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Pacl.feT MarHHTHLIX llOJieH MeTOAOM CeTOJ< B CHCTeMaX, 

COAep)l(ai.QHX ciJeppoMarHHTHLie H TOJ<OBLie 3JieMeHTLI, no-

3BOJIJieT aHaJIH3Hpoaa TL 3cjxpeJ<TLI HaCLJll{eHHJI )l(ene 3a H nepe­

pacnpeAeJieHHJI MarHHTHLIX noToJ<OB npH H3MeHeHHH ypoBHJI 

HIIAYJ<UHH B WHpOJ<OM AHana30He. 

MeTOALI pacl.feTa MarHHTHLIX noneii oT TpexMepHLIX J<OH­

ciJHrypaQHH, KOTOpLie pa3BHBaiOTCJI B HaCTOJII.Qee BpeMJI, 

He D03BOJIJIIOT Cl.fHTaTL AOCTaTOl.fHO CJIO)I(HLJe J<OHciJHrypaUHH. 

0AHaJ<o, HCDOJIL3YJI HMeiOI.QHeCJI nporpaMMLI AJIJI pacl.feTa 

AByMepHOH J<OHciJHrypaUHH /1 ,2,3,4,5/, MO)I(HO llOJIYl.fHTb XO­

pOWHe J<al.feCTBeHHLie /6/ H J<OJIHl.feCTBeHHLie pe3yJILTaTLI. 

BLJAeJIJIJI cel.feHHe AJIJI pacl.feTa H3 o6I.Qeu TpexMepHoii KoH­

cilHrypauaH H llOA6HpaJI K Hen peaJIHCTHl.fHLie rpaHHl.fHLie 

YCJIOBHJI, MO)I(HO llOJIYl.fHTb pe3yJILTaTLI pacl.feTa, COBDaAaiO­

I.QHe c 3KcnepHMeHTOM c TO"'HOCTLIO I h· 5/0/o. 
B Jia6opaTopHH JIAepHLix npo6neM 06'beAHHeHHoro HHCTH­

TyTa JIAepHLIX HCCJieAOBaHHH C03AaHa CHCTeMa nporpaMM 

Tl? 1\L\ - MOAHcilHUHpoaaHuaJI aepcaJI nporpaMMLI THJ\If)/Z~ 
KOTOpaJI, B CBOIO Ol.fepeAL, HallHCaHa C HCll0Jlb30BaHHeM pa-

60TLI /1' . 

B nporpaMMe pewaeTcJI B J<oHel.fHo-pa3HOCTHOM BHAe 

HeJIHHeHHOe ypaBHeHHe B l.faCTHLIX llpOH3BOAHLIX 3JlJIHllTHl.fe­

CKOrO THDa, J<OTOpoe HMeeT BHA: 

OAJJ oeKapmoeou cucmeM&I KoopouHam ( x, y) 

() [ I () u ( x. y ) . (} [ 1 (Ju ( X, y )) _ O 
4 

J ( ) ___ '+-- -- rr xy 
a x 1L d x · ay J1. Jy ' ' 

OAJJ IIUAUHOpU<~ecKoii cuclle.Mbl KoopouHall (r,z) 

a 1a , J 1a 
-I- -lr· u(r,z)JI+ -. 1- - [r.u ( r, z )J I =- 0,4rrJ( r, z) a Z fL f a Z dr J1. f a f 
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a) oexapmo~ail cucmeHa KoopouHam 
o) /ililliiHiJpu'lecxar~ cucme11a J<oopouHam 

Puc. 1. CxeMa zpaHU~HbiX ycAoeuu. 

~ 

a)U·l{;Xmax 

~U=V.~' 

( u - aeKTopublii noTeunuan MarHHTHoro non11 I 3 •eM/; 11 
= f1 (B) - MarHHTHaJI npouunaeMOCTb ~eppoMarueTHKa; J 
fiJIOTHOCTb TOKa /A/eM 2 /; u H J - HOpMaJibHbl fiJIOCKOCTRM 
( X, y) HJIH ( r , Z)). 0CHOBHbiMH neJIRMH ynyqweHHJI npo­
rpaMMbl TRIMD 6hiJIH: yMeu~oweuae ·ape Menu c'leTa, yae­
naqeuue ua6opa B03MO>KHbiX rpaHH'IHbiX ycnoaaii, ynpo~neuae 
pa60Tbl c nporpaMMoii. 

Ha puc. 1 noKa3aHbl cxeMbl B03MO>KHbiX rpaHH'IHbiX yc­
JIOBHH. ~JIR 06bi'IHO HCllOJib3yeMbiX rpaHH'IHbiX YCJIOBHH 
/puc. 1-a/ ua acex rpauuuax 3a~aeTcs uyneaoe ycnoaae 
~HpHXJie. B CJiyqae, eCJIH OCb y = 0 - OCb CHMMeTpHH, TO 
ua 3Toii rpauune 3a~aeTcs uyneaoe ycnoaae HeiiMaua. ~ns 
I(HJIHH~pH'IeCKOH CHCTeMbl KOOp~HHaT npH r -> 0 CKaJIJipHbiH 
noTeunuan Bbi'IHCJIJieTCJI H3 ycnoBHJI A( r, z) = r·u (r, z)=a(z).r2, 
KOTopoe cne~yeT H3 Toro ~aKTa, 'ITO ua ocu r = 0 none 
RBJIJieTCR 'leTHOH ~YHKn&eii. 

B nporpaMMe TRJMA 3aBHCHMOCTb 11 ( B 2) annpoKca-
MHpyeTcs auaJIHTH'IeCKHM Bblpa>KeHHeM, npe~JIO>KeHHbiM B 
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pa6oTe /'7/. B pe3yn~oTaTe onTHMH3anuu nporpaMMHoii qac­
TH, BpeMR C'leTa yMeHbWHJIOCb npH6JIH3HTeJibHO B 4 pa3a, 
yaeJIH'IeHO 'IHCJIO TO'IeK CeTKH ~0 1600 /6e3 HCllOJib30BaHHR 
auewueii naMRTH 3BM/. llporpaMMa uanacaua ~n• 3BM 
Ji3CM-6. 

Pac~e111 3AeMeHIII06 Ma2HU111HOU cucmeMbl 

' I B pa6oTe / 8: noKa3aHo, 'ITO aMnnHTy~a aapuanuu Mar-
HHTuoro llOJIR CHCTeMbl CllHpaJibHbiX WHMM ~OCTaTO'IHO xo­
pOWO OfiHCbiBaeTCR 6eCKOHe'IHOH CHCTeMOH npRMOJIHHeHHbiX 
~eppoMaruHTHbiX 6pycKoa. ~ns npe~aapaTen~ouoro Bbl6opa 
a3HMyTaJibHOH npOTR>KeHHOCTH H BbiCOTbl pacnOJIO>KeHHR 
cnupaJibHbiX WHMM ycTaHOBKH "«!>" 61>1na npoae~eua cepas 
3KCnepHMeHTOB C 4 napaMH npRMOJIHHeHHbiX 6pyCKOB /9/. 
Auanoraquoe Mo,IJ;enapoaauae MO>KHo npoaecTH pac'leTHbiM 
cnoco6oM, acnoJib3YR MeTo~ ceToK. Ha puc. 2 noKa3aua 
CXeMa 3KCnepHMeHTa C ~eppoMarHHTHbiMH 6pycKaMH B 3a-
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3ope JneKTpoMaruuTa /9/ u o6nacn. pacqeTa, orpauuqeuuaJI 
nyuKTBpnoi nuu~ei. Pe3ynhTaT~ pac'leTOB npe~cTasneu~ 
BBB~e: B 1 ~ F(ll), r~e 

B
1 

~ LrH(O.O) -B(x ,O)J, 
2 max 

ll ~t[H(O.II) + H(xmax ,O)J.' 

)l.nJI pac'leTa Konrjlurypauui TaKoro Tuna B nporpaMMax 
npe~yCMOTpeHa CXeMa rpaHB'IH~X ycnOBBH, KOTopaJI llOKa-
3aHa ua puc. 1- 6. Ha npasoi B nesoi rpauuuax o6nacTB 
pac'leTa 3a~aiOTCJI u ( y. x c 0) -eon st 1 , u (y. x ~ xmax) ~ const2 , 

'ITo oJuaqaeT oTcyTcTBHe noToKa qepe3 3TH rpauuu~. Ha 
rpauuue y ~ 0 B03MO)I(HO uynesoe ycnosue Hei.Mana, B cny­
qae, ecnu y c. 0 ecTb ocb CHMMeTpBH, unu uynesoe ycnosue 
)l.upuxne. )l.nJI y c y max BOJMO)I(HO uynesoe ycnosue Hei­
Maua unu ycnosue )l.upuxne Tuna 

u(x.y~ymax) c f(x). 

Pac'leT ~nJI npJIMonuueiu~x 6pycKOB nposo~uncJI ~nJI 

cne~ytoiUBX rpauuqu~x ycnosui: 

u(y,x=O)~O.u(v.xx )cB. rJu(y-O.x) · max 0 xrnax · ., ~ 0. 

Ha rpauaue Y ~- Y max 
ycnosaii 

u(ymax ,x) ~Box, 

''Y 

3a~asanucb ~Ba BH~a rpaHH'IH~x 

:'u (" cc v 'x) fl u J ·max = • 

ay 

npB 3TOM pe3ynbTaT pacqeTa He B3MeHHnCJI. 3TO 06'bJICHJI­
CTCJI TeM, 'ITO BepXHJIJI rpaHHUa pacnono)l(eHa ~OCTaTO'IHO 
~aneKo, TaK 'ITO nepepacnpe~eneHae MarHBTnoro noToKa 
B nomoce, B~3:uanuoe 6pycKaMB, pacnono)l(eHH~MB B JaJope 
JneKTpoMarHBTa, ua sepxHei rpauuue o6nacTB pac'leTa He 
npoJIBnJieTcJI. H3 cpasueuuJI pac'leTu~x u 3KcnepuMeHTanbHO 
nonyqeuu~x 3aBBCBMOCTei I puc. 2/, xopowo BB~Ho, 'ITO 
xapaxTep KPBBWX cosna~aeT, npu 3TOM pacxo~euue co­
cTaBnJieT Menee 1~ OT o6IUero ypoBHJI nonJI (B) . 

B pac'leTax xopomo BB~Ho cocTOJIHBe rjleppoMaruuTu~x 
3neMeHTOB B nepepacnpe~eneuue MaruuTuoi npouuuae.MocTB 
(fl) B NarHBTHWX UOTOKOB npu B3MeHeHBB ypOBHJI nonJI. Ha 
puc. 3,4 noJCa3auw 3JCBBnoTeuuuanu B nuuuu f1 = const ~nJI 
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Puc. 3. PacnpeiJeAeHue .:JKeunomeH~uaA&HbiX AUHUU OAJI ypoe­
Heu B = 10 KFc, 13 KFc, 16 KTc. 

3KCllCpBMCHTa \ 1 /puC. 2/ npB Cpe~HeM ypoBHC HH~YKUBH 
B 3a3ope /10 KFc, 13 KTc, 16 KTc/. HJ 3THX pucyHKOB 
BB~uo, 'ITO y)l(e npu cpe~HeM yposue BH~YKUHH B 0 = 
= 13 KFc, npJIMoyronbH~H 6pycoK 6nH30K K HaC~IUeHHIO, 
BH~YKUBJI BHYTPB 6pycKa cocTaBnJieT B :::. /20 +21/ KFc. 

HJ puc. 4 BB~Ho, 'ITO rjleppoMarHBTH~e 6pycKB a 3a3ope 
JneKTpoMaruuTa nepepacnpe~enJIIOT 11 B nonroce Ha rny-
6uuy 8 - 10 CM, 'ITO COCTaBnJieT npBMepHO nonOBBHY 3a3opa 
3neKTpOMarHBTa, npB'IeM C ysenB'ICHBCM BH~YKUBB rny6uua 
llpOHBKHOBeHBJI BnBJIHBJI _!)pycKa BHyTpb llOniOCa YMCHbWaeT­
CJI. )l.nJI pac'leTa B l (B) /800 TO'ICK CeTKB, 5 ypOBHCH 
BH~YKUBB/ Tpe6yeTCJI 12 MUH apeMeHB .63CM -6. 

0Tnu'IBe pac'leTnoi senB'IBH~ nepena~a nonJI B 1 oT 
3KCnepBMCHTanbHO nony'leHHOH COCTaanJieT BenB'IBHy /1 -
- 3/~ B 06'bJICHJieTCJI, O'leBB~HO, KOHe'IHOCTbiO rjleppoMar­
HBTH~X 6pyCKOB, BCllOnb3yeM~X B 3KCllCpBMeHTe, BnBJIHBCM 
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Puc. 4. PacnpeoeAeHue JIUHUU Jl = mnst OJI.Ji ypoeHeil UH­
OYKI.IUU B = 10 KFC, 13 KFC, 16 KFC. 

cna.IJ.a nonJI nnocKoro 3a3opa JJieKTpoMarHHTa H HecooTBeT­

CTBHeM xapaKTepHCTHK Jl (B) HCll0Jib3yeMOrO <ileppOMarHe­

THKa H pacqeTHOB annpOKCHMal{HH. 

IlpHMep pacqeTa KpaJI nomoca JneKTpoMarHHTa, npHBe­

.IJ.eH Ha puc. 5. CeTKa - 1500 ToqeK, BpeMJI pacqeTa -

10 MUH Ha .63CM ·6. rpaHHqHble ycJIOBHJI OTJIHqaJOTCJI OT 

HCUOJib3YeMbiX BbiWe TOJibKO Ha BepxHeB rpaHHI.{e, KOTopaJI 

pa36HTa Ha .IJ.Ba yqacTKa I puc. 1- e/. 
1/ x < xk • UOCTOJIHHbiB UOTOK; 

2/ X> Xk - U g • llOTeHI.{HaJI MarHHTHOrO .IJ.HllOJIJI. 

MarHHTHbiB )J.Hnom. pacnono)l(eH B ToqKe x = 0 , y = 0 
HJIH r = 0 , z = 0 , , npHqeM )J.HllOJibHbiB MOMeHT Bb16HpaeTCJI 

H3 YCJIOBHJI: 

8 

xk 
ug(T,O) 

xk 
Bo • --2-

r)J.e B O : 3a,D;aHHaJI llOCTOJIHHaJI HH.IJ.YKUHJI MarHHTHoro UOJIJI 

Ha BepxHeB rpaHHI.{e. KOHCTaHTa HHTerpHpOBaHHJI Bb16HpaeT • 

CJI H3 YCJIOBHJI: 

ug ( x k• y k) = u ( xk' y k) = B 0 • x k . 

PacqeT rpaHHqHbiX H HaqanhHbiX ycnoBHii npoBO.IJ.HTCJI no 

<llopMyne: 

ug(x,y) 

X 

y~ (x2+y~) 1/2 

+Bo·Xk. 

2 
xk X 

[- 2 
(x2

+yk) 

2 
X 

X 

(x2 +y2)3/2 
+ 

xk x~ 
- 2)- ( x) J + 

x2+y~ Yi<xi+Y~)I/2 x2k+Y\ 

,lJ;nJI UHJIHH.IJ.pHqecKoii: CHCTeMw KOOP.IJ.HHaT: A(r, z) =U (x,y )·L. 
g 2 

_Eill. 
8(0) 

10 

09 
l 

"'= 

~'IJ./~ fXJCli. 
. ~ 

Zm, 

l.max 

L-------l'---,b-~.___z 

8(o):ISK2C 
!J"' =ffCH 
z-~~.=73ot 
Zmax.=22CI1 
Zl( =o()CH 

I Lr 0.8 ZiO 50 hh ' l(C/'1) 

Puc. 5. Pac-.e• Kpa.R noAK>ca 3AeK•poMazHu•a. 
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H3 pucyuxa BH.IJ.HO, qTo B o6nacTH paJJ.HYCOB r < rk , 
rJJ.e r k - paJJ.HYC nomoca 3neKTpoMaruuTa, oTnuque pacqeTa 
OT 3KCnepHMeHTallbHO nonyqeHHOB KpHBOB Ha 3JieKTpOMaruH­
Te Cll-44B /¢ 1200 MM/ He npeBOCXO)l.HT 0,5~. 0JJ.HaKO 
BH)l.HO pacxo~eHHe 3KCnepHMeHTaJibHOB H pacqeTHOB KpH· 
BbiX ,ZJ.nJI r > rk. 3To 03HaqaeT, qTo rpauuqublii noTeuu.uan, 
3a)l.aHHbiB B BH)l.e noTeHIJ,HaJia ,ZJ.HnOllJI, OTnHqaeTCJI OT pean&­
HbiX ycnosuii na 3neKTpoMarnHTe, npuqeM 3KcnepuMenTan&­
naJI KPHBaJI naJJ.aeT 6hiCTpee, qeM pacqeTnaJI, cne)l.oBaTen&­
no, none JJ.HnonJI npesblwaeT pean&no cymecTsyromee none 

Ha 3TOM 3lleKTpoMarHHTe. 
Heo6XO,ZJ.HMO OTMeTHTb, qTO npH HCDOllb30BaHHH rpa-

HHqHbiX ycnOBHB TaKOrO THna )l(enaTeJibHO, qT06bl BblnOJIHJI­

nHCb cne,ZJ.yiOIIJ,He COOTHOWeHHJI: 

·>h z max ~ M' 

rmax l2rk. 

PacqeTbl Bbi,ZJ.eJieHHbiX o6nacTeH MarHHTHOH CHCTeMbl, 
Bblnonnennble c noMOllJ,LIO nporpaMM THI\1 A , Tpe6yJOT 
ne6on&woro speMeHH cqeTa H, cne,ZJ.oBaTen&no, B nacTOJillJ,ee 
BpeMJI 3Ta MeTO)l.HKa MO)I(eT 6b1Tb onepaTHBHO H WHpOKO 
ucnon&3oBana B npou.ecce Mo,ZJ.enuposanHJI cno)I(HbiX Mar­
HHTHbiX CHCTeM. HeCMOTpJI Ha TO,qTO TOqHOCTb pacqeTOB 
/1 - 5/~ uaMuoro xy)l(e, qeM Tpe6yeMaJI JJ.nJI ycKopuTeneii 
TOqHOCTb cllopMHpOBaHHJI nonJI /0,02~/, TaKHe pacqeTbl 
JIBJIJIIOTCJI e)l.HHCTBe HHbiM Me TO)l.OM, no 3 BOllJIIOllJ,HM ananH 3H­
poBaTb MarHHTHOe COCTOJIHHe clleppoMarHeTHKa npH H3MeHe­
HHH ero KOHcllHrypaD,HH H yposnx snewnero naMaruuqusaJO-

llJ,ero nonx. 
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