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. · B CB.H3H c ycnexaMH pac4eToB na 3BM ,nayMepHhiX cTaunonapllhiX 
MarHHTHhiX noneil: KOHC4JIO•pll.3HOCTHhlMH MCTO,naMII B nocnc,niiCC BpCM.R 
B03pOC HHTepec K paCCMOTpCHIIIO TpCXMCpHhlX KOIHllllrypaullif /J~ ;i, O,n
naKO paccMaTpHBaCMhiC ,no CHX nop KOHlPHrypaUHH 3llCMCJITOB, C03,nam
J.UHC non.H,B 3Ha4HTCllbHOH CTCllCHH orpaHH4CHhl reoMCTp114CCKH neo6xo
,nHMOCThl0 cae.neHH.!I HX K np.HMOrynhHhiM llJopMaM. B nacTO.HJ.UCH pa6oTC 
npe,nnaraeTC.H HCllOllh30BaTh np·H paC4CTC noneil: anhTCpHHPYIOI.Ullll MCTO,n 
Illaapua /6,· .nn11 pacrnnpeHH.H Knacca paccMaTpnaaeMhiX KonllJnrypauHiL 

· llpocTpancTBO, r.ne noKann3oaano none, 3anonn.HeTC.H 6e3 nycToT 
MHO:>KCCTBOM nepeceKaiOJ.UHXC.H Hllll conpnKaCaiOJ.UHXC.H reOMCTpH4CCKHX 
:JneMeHTOB npaannhnoil: llJopMhl /napannenennne.n, map, unnnn.np H T . .n./. 
CerMeHTHpoaanne npon3ao.nnTC.H TaK, 4T06hl BHYTPII n106oro :JneMenTa 
ne npoxo.nnna rpannua pa3phma caoil:cTB cpe,nhl H ne MCH.Hnc.H an.n pernae- · 
MhiX ypaBHCHIIH B qaCTHhlX npoH3BO,nHhiX. ,[(n.H Ka:>K,noro 3llCMCHTa CTa
BHTC.!I KpaeBa.H 3a,naqa C llOCTO.HHHhiMH rpaHH4HbiMH YCllOBH.HMH, onpe,ne" 
ll.HCMhiMH pernaeMOH npo6neMOH, H nepeMCHHhiMH ycnoBH.HMH, H3MCH.HIO" 

J.UHMHC.H. a npouecce naxo:>K.nenu.H perneHH.H MeTo.noM Illaapua. 
. ,[(ocTonncTBa .nann oro no.nxo.na K pac4eTy cTaunoiiapHhiX :JneKTPH-

'4CCKHX H MarHHTHhiX noneil: cne,nyiOJ.UHC: 
1. Mo.nennpyiOTC.H c xoporneil: T04HOCThiO ~onllJnrypaunn :JneKTpo.noa 

H MarHHTHhiX 3llCMCHTOB CllO:>KHOH llJopMhi, onpe,nell.HCMOH pa3H006pa3HCM 

- reOMCTpH'4CCKHX 3llCMCHTOB. 
. 2. llpaBHllbHaJI llJopMa 3llCMCHTOB ll03BOllJICT uau6onee 3lPlPCKTHBHO 

HCllOllb30BaTh. pe3yllbTaThl TCOpHH ypaBHCHHH B 4aCTHhiX npOH3BO,nHhlX 
npu ahi6ope onTnManhnoro MeTo.na pernenuH a npe.nenax :JneMenTa. Pac
qe·T MO:>KCT 6hiTh BbtnOnHeH MCTO,nOM CCTOK /3lPlPCKTHBHOCTh MCTO,na 
B03pacTaCT ,nn.H 3llCMCHTOB npaBHllbHOH llJopMbi/, MCTO,nOM lPYHKUHH rpn

Ha, H3BCCTHOH ,nnJI 60llbillHHCTBa 3llCMCHTOB, H T .,n. 
3. OnTnManhnoe ncnonh30Banne anernneil: naMJITH 3BM .nocTuraeT-

C.H 3a C4CT yBCllH4CHHJI OTpC3Ka BpCMCHH MC:>K,ny o6paiUCHH.HMH K HCH H 
o.nnoapeMennoro pacnono:>KeHHJI B onepa THBHOH naMJITH nnllJopMaunn nnrnh · 

0 ,nayx 3llCMCHTaX. 

3 



4. B npe)J.errax o6rracTeii, r)J.e Tpe6yeTcH HaH6orrhUiaH TOl.fHOCTh 

perueHHH, MO:>KHO noMe~aTh JIIeMeHThl C 6orree IIO)J.p06HhiM npocrre:>KH

BaHHeM nOIIH /HanpHMep, yMeHhlllaTh Uiar CeTKH )J.IIH MeTO)J.a CeTOK / . 

)l;nH )J.eMOHCTpai.(HH J$$eKTHBHOCTH MeTO)J.a 6hiiiH HanHCaHhl )].Be 

nporpaMMhi BOU VAL H RUN BO X no pacl.fe T y TpexM e pHhiX JrreKTpocTaTH

qeCKHX norreii. 

Hcxo)J.HhiMH )J.aHHhiMH nporpaMMhi BOU V.4 L HBIIHIOTCH tiHcrro 

3JieMeHTOB 3a)J.al.fH, HX THn, pa3Mepbl, nOIIO:>KeHHe B npOCTpaHCTBe. rpa

HHtiHaH noaepXHOCTb JIIeMeHTOB paCCMaTpHBaeTCH KaK COBOKynHOCTh 

BhiiiYKIIhiX MHOroyrOIIbHHKOB, B npe)J.errax Ka:>K)J.OrO H3 KOTOphiX 3a)J.aHO 

rrH60 nOCTORHHOe 3Hal.feHHe noTeHI.(Harra U -= canst ,IIH60 YCIIOBHe CHM

MeTpHH au;a; =O. 
C noMO~hlO nporpaMMhi RUN BOX ae)J.eTCH pacl.feT pacnpe)J.erreHHH 

noTeHIJ,Harra C HCnOIIh30BaHHeM HH$OpMai.(HH Ha MarHHTHOH rreHTe, nO)J.

rOTOBJieHHOH npH cl.feTe no BOU VAL . 
HaxmK)J.eHHe peUieHHH a npe.11.errax O)J.Horo JrreMeHTa ocy~ecTarrn

eTCH MeTO)J.OM CeTOK C npHMeHeHHeM nocrre)J.OBaTeiihHOH OIITHMaiihHOH 

aepxHeH perraKCai.(HH h / . l1Tepai.(HOHHaH dJopMyrra )J.IIH CeTKH B )J.eKap-

TOBOH CHCTeMe KOOP.Il.HHaT x , y , z HMeeT BH.Il. I sl : 

(72 + 1) (72) 
u 000 = u 000 

(72) (72 + 1) (72) (72 +J) 
+ (lJ [Cx (U100 + U_lOO) + Cy (U010 + Uo-10 ) + 

(72) (72-f- 1)3 
/1/ 

+C (U + U ) 
z oo1 oo-I ' 

r.11.e 

2 2 2 2 2 2 
(~y) ( L\ z) (~x) (~ z) (~x) ( !_\y) 

c -- ; c = ; c = -------
X 

Dxyz 
y D z 

D xyz xyz 

D xyz 
2 2 2 2 2 2 

2[(t\y) (~z) + (~x) (~y) + (~x) (~z) l, 

4 

~X , ~y , /'.). Z HHTepaarrhi CeTKH no OCHM x y z 

u ij It U[x 0 + i(l'!.x), y 0 + j(l'!.y), z
0 

+ k(L'.zj] 

( x0 Yo Z0 ) - yJerr CeTKH, )J.IIH KOTOpOrO Bhi'IHCIIHeTCH noTeHI.(Harr, w -
KOJ$$HI.(HeHT perraKCai.(HH, Bhi6HpaeMhiH B COOTBeTCTBHH C pa60TOH /9 / , 
n - HOMep HTepai.(HH no BCeM YJIIaM CeTKH. 

)1;1111 I.(HIIHH)J.pHtieCKOH CHCTeMhl KOOp)J.HHaT HMeeM: 

(72+ 1) (n) 

u 000 = uooo 
+ [ C ( U (n) + U (n + 1)} + C ( U (n) - U (n + 1)) + 

w r1 100 -1oo r2 100 -1 oo 

(72) (72+1) 
+ C ch(UOJO + Uo-10) + C ( U (n) + U (72 + 1)) ) 

z oo1 oo-1 ' 

r)J.e 

c 
'1 

Cq; 

D reb z 

r2(~¢)2(i'J.z)2 

D 
ref; z 

2 2 
(~r) (~z) 

D ref> z 

c 
'2 

c 
z 

2 2 
r(~r)(~¢) (~z) 

2 D z¢ z 

2 2 2 
r (f'!.r) (f'!.¢) 

D r ef; z 

/2/ 

2 2 2 2 2 2 2 
2r [(~r) (f'!.¢) +(~¢) (~z) +(~z) (f'!.r)]. 
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0603HatieHUH BeJIH'lUH B 121 airaJiorU'lHhl ucnOJihJyeMhiM B. 111 . . Bhi
'lli:CJieHUe noTeHQUaJia B rpaHU'lHhiX TO'!Kax c ycno:BueM au I a~. = 0 TaK~ 
me npoHJBO.D:UTCH no II/ HJIII 121, HO C ytieTOM O.D:HOrO UJIU HeCKOJihKHX 
COOTHOIIIeHUH BU,n:a: 

u 100 u...:zoo ij 010 = UO- lO ; U 00 I u 00 -J . 131 

llepectieT nepeMeHHhiX rpanutiHhiX ycnoanii nponJBO.IJ:HTCH unTep
nonupoBanueM B npocTpaHCTBe no dJopMyne: 

U(f.,r/.·K) u + 1:( u - u ) + 7) ( u .:.. u ) + 
000 "' 100 .ooo 010 000 

u. -. u . u u. 
+ K( 001- 000) + /;,7)( 110- 010 u 100 + uooo) + 

141 

+nKfU -U -U +V )+t:K(U -U -U +U )+ 
., . 0 I1 010 001 000 . <, 101 100 001 000 . 

+ f.TJK(Ulll -UliO:--,UIOI -l/011 +VIOO +l/010 +UOOI -Uooo ), 

x - xo _r -Yo z - ;; o 

. r.n:e f, = ~ ; · 7J =- l'ly ; · K 7 -6Z ; I x o , Yo , z o I 
6numaiiiiinii K I x , y , z I yJen Koop.n:unaTnoii ceTKU. 

AHaJIOrU'!HaH dJopMyJia HCnOJihJyeTCH npH HHTepnOJIUpOBaHUH B 
QHJIHH.D:PH'leCKOH CUCTeMe KOOP.D:HHaT C· JaMeHOH x .. r , Y"" cp , z _, z • 

au 
. ,[(JIH rpaHH'lHhiX T<l'leK C YCJIOBUeM --.. - = 0 HCnOJihJyeTCH.D:BYXMepnaH a n . 

· dJopMa Bhlpamennn I 41. 
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~. 

. l~~· 
" 'L, ~ 

' I 

~ It·\~ 
1. 'l 

.. ll 

''l:_ 

Ha puc. 1 n ~ 

- 1604A KondJurypa 
U QUJIHH,n:pa. . 

Cxo,n:uMOCTh 1 

ycnoBUHM onpe,n:en~ 

f 

N 
.' I 

. I ·1 U; 
I~· I 
----;ii , . ..., 

i "':' J 

r.n:e : N -. tiucno To 
Qecc JaKaHlJHBaeTc 
npepbmaeTCR nl'm u 
rpaHHlJHhiX yc.rloBui 
Be,n:eTCH nO BCeM. E 
'IHCJIO YJJIOB 20x2C 
yKaJaHIIOH CTeneHIJ 
8r 10 nTepaQHH. no 

'·· 20 MHH ClJeTa H8 
Ha puc. 3 np{ 

·TaJihHhle ,n:aHIIhle· /1 
BaHHhl. XOTH KOHlPH 
pena KaK ,n:ByMepna 
·nocb ycnoBne riU I i) 
Hhle U 3KcnepUMeH 
TO'IHOCTU 3KCnepHM 

Ha puc. 4 ·nyu 
Tbl peaJIUCTUlJe CKOi 
BHeiiineii rpanuQe ot 

BKmolJenue B 
CBOHCTBaMu cpe,n:h!' • 
MarnuTHhiX noneii c 

ABTop 6nar.o.r 
· u BHUManne K pa6o· 

3KCnepUMCHTaJihHhll 
HUH pacYelOB Ha 3E 

.;• 



Jih3YCMhiM B .. /1/ •. Bhl" 
IOBHCM () u I a; == 0 Tai<
O)];HOro HJIH.HCCI<OJihi<HX 

/3/ 

ii npoH3BO.IJ:HTCH HHTep-

.:_ u ) + 
000 

+"-Uooo)+ 

/4/ 

- u - u + u ) +. 
100 001 000 

UOJO + UOOl - uooo)' 

. I X y .,. .· o • ·o 
i CCTI<H. 
m HHTepnonuponannu n 
ii · x ... r , y ... rjJ , z -+ z • 

(~· l . 
. 1: . .. 

I 

:; 
~·~~ 
Jl 

Ha puc. 1 H 2 npe.IJ:CTa·nnenhipe3yJihTaThi pac'IeTa na ·3BM C,ll.C
·1604A I<OH<lJHrypaU:HH 3JICI<TpO,l1;0B, COCTOHIUHX H3 napaJIJICJICnHnC)];OB 
H U:HJIHH)];pa. 

CxO.IJ:HMOCTh nTepau:uonnoro npou:ecca no nepeMeHHhiM rpaHH'IHhiM 
ycnoBHHM onpe.IJ:CJIHCTCH no 

(71) (11-}) 

~·1 U; - U; l 
i ""' 1 

/5/ 

£1 lf (71) I 
;. I 

;~ 1 

r.IJ:e . N -. quc11o ToYeK c nepeMeHHhiMH rpaHH'IHhiMH 3Ha'IeHHHMH. llpo· 
u:ecc JaKanYunaeTc11 npu V < 10-6 . B npe)];enax JJICMCHTOB penaKcau:nH 
npepbmaeTCH npn HJMCHHIOu1eMCH no Mep.e cTa6unu3au:1m nepeMCHHhiX 
rpanu'IHhiX yc11onnii I' " 10-3 - 10 -6 • Ou:eni<a /5/ B JTOM cnyqae 
BC.IJ:CTCH nO BCCM BHYTPCHHUM YJJlaM CCTKH 3JICMCHTa. MaKCUMaJlhHOe 
'IHCJlo Y3JIOB 20x20x20, o6IUee 'IHCJlO 311CMCHTOB ._: 20. )J.11H no.hyqennH 

. yKa3aHHOH CTCnCHH CXO)];HMOCTH . B Ja)];a'IaX puc. ) ,2 noTpe60B8J10Ch 
8H 0 nr.epau:nii. no n 3Menenuro .rpanu'IHhiX yc11onnii u 6hi_Jlo JaTpaqeno 

•·· 20 MHH C'ICTa Ha. 3BM. 
Ha puc. 3 npeJJ.cTaBJlCHhi JJ.JlH cpannenun pacYeTHhie n :H<cnepnMen~ 

· TaJlhHhlC )l.aHHhiC. /TOYKH/, llOJl)'YCHHhiC C noMo"IUhlO 3JICKTpOJIUTU'ICCKOH 
BaHHhl. XOTH KOH<lJnrypaU:H.fl 3JlCKTpO)l.OB puc. 3 MO)f(CT 6hiTh paCCMOT" 
pen a KaK )];ByMepna.fi, paC'ICT BCJlCH B npOCTpaHCTBC, npu'ICM, Ja)];aBa ~ 
·JIOCh YCJIOBUC au I il ~ =- 0 na nJlOCI<OCTHX X"' 0 u X = ·a • Pac'leT· 
HhiC U 3KCnepUMCHTaJih,HhiC pacnpe)];CJICHHH COBna)];alOT B . npC)];CJiaX 

·TO'IHOCTH 3KCnepuMCH~a. 
Ha puc. 4.nynKTUPHhiMU JlUHUHMU no:Ka3ano pa36uenne naJJieMen·· 

Thl peaJlUCTU'ICCKOH ·KOn<lJurypau:uu nynepa u HOHHoro HCTO.'IHHKa. llo 
BHCWHCH rpanuu:e o6JlaCTU 3a,l1;aHo ycJIOBUe OTCYTCTBHH nOTOI<a a U/(Jn••Q. 

BI<JIIO'Ienue B nporpaMMhi pac'IeTa JJieMeHTOB c nennneiinhiMU 
cnoiicTnaMu cpe.IJ:hi B cooTBeTCTBHU c I 2/ no3BOJIUT npono.IJ:UTh pac'IeThi 
MarnuTHhiX noneii c y'leToM nachiiUenun. 
. AnTop 6JlaroJJ.apuT H.JI.3annaTuna :3a nocToHHHYIO no.IJ:.IJ:Cp)f(I<Y. 
u BHUMaHue K pa6oTe, A.A.rna30Ba H H . .r.hlai<yHa 3a npe.i\ocTaBJieHue 
JKcnepliMeHTaJlhHhiX .IJ:aHHhiX, T .H .,ll.yJJ.apeny 3a noMOIUh npu npone.IJ:e-. 
HHH paCYCTOB na 3BM. 
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PHc. 2. PactfeT I<oHcl>HrypauHH H3 ~ayx napannenenHne~oa H UHnHH~pa 
C cerMeHTOM B OCHOBaHHH. 
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