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B pa60Te aSTopa/ I I 6~a nocTpo eHa TpexMepHaH ( D=3 p ell1eT Oll

HaR MOAenb MarHeTMKa, ,D,OnycK~~aR c~ecTBoBaHMe conMTOHOB. D~O Ha~

,D,eHO nOKaJlli30SaHHOe pacnpe,D,eneHMe CnMHOB S ± s~_ = i , p a cno -
Q ~4 

no~eHHhlX B Y3nax Ky6MllecKoM pell1eTKM, KOTopoecOoTBeTcTByeT~~HHMYMy 

(S03MO*H0, He a6COn~THOMY) ~YHKUMOHaJIa 3HeprMM E npH WMKCHposaHH OW 

BeJIl1411He TOnOnOrHt<eCKOrO 3apR,Il,a He =1 (no BOnpOCaM onpe.n,8neHI1R M 

MeTo.n,MKM BbNI1CneHMH pemeT04Horo aHaJIOra I1H.n,eKca Xonwa lie CM. 
/I/ ). 

B HaCTOffil\ei1 pa60Te npO,D,OJDKeHbl nOMCKM conl1TOHHbIX pemeHI1l1 B 3TOW Mo.n,e

m1 npl1 He =i • 
~eprMR CMCTeMbl B3aMMo.n,et1cTBYJOIT1I1X Cnl1HOB, paccMoTpeHHoii s/I!, 

onpe,D,enReTCR CYMMl1pOSaHMeM no BceM T04KaM pelfleTKH /vi ( if ): 

3 .3 

E == L,[(3 01.+ Zfp )- s;, ·[cn L «.t + S: _e,,) + Cnn L .,(( 2f + s;-2e,) + 
M m

11 m=1 rn=, ( I) 

+ end L (.i;~ t e,, +em+ S~ , ecem + $~ -e<:.e~ + S:-e~ - em)J. , 
l(, m:. 1 

K < "" 

en = 0, seX + b) , Cnn ,sj , Cnel = -j , 0{ ,.p > 0 . 

Y3nbI pelfleTKI1 HYMepYJOTCR uenbIMl1 411Cn8.M}! n,., no OCRM oJ: ", COOTBeT

cTseHHO, m ~ 1, 2.3, em - e,D,l1HMtllible seKTophl s nOnO)!IMT8nbHOM HanpaB

neHMM ocew X"" n: = (n.',Yi. 2, rtJ ), Cn , C"I'l , erld. - K03qxpl1lJ,11eHTbI, xapaK

TepM3~~Me COOTBeTCTBeHHO S38l1MO,D,eiicTBl1e 6n~aKmMX COce,D,ei1 ( C~ ) 

no oll,Ho(;l M3 o cew, Cne,D,YJOlI\HX 3a 6n~ai1lln1Ml1 no 3TMM OCRM ( Cnn.. ), M 

6n~av.ml1x coce,eii no ,Il,l1arOHaJIRM (en.d. ) B llJIOCKOCTRX Mx,." X" • 

KaK 11 s / I , B~MCJIMTenbH~e 3KCnepI1MeHT~ no nOMcKY conMTOHOB 6y

,D,eM s~nonHHTb Ha lleTSepTI1 peweTKH, pacnonO~eHHOv, BHyTPI1 ,D,ByrpaHHoro 

yrna M8lK,IJ,y llJIOCKOCTffMI>I o.x l H O'J?' ,npOXO)J,Rll1l1Ml1 4epe3 OCb CMMMeT

pl1H 02 ,Ha KOTOPOW BO scex Y3nax 3a,n.aBaJIOCb r = tr, (J::=.:r~, 'i =J:z, 
2 = X .3 ), 0 - ueHTpanbHaJI TOllia peweTKI1 H nonytlaeMhlX COnI1TOHOB . 

Pa3MepbI pemeTKI1 TaKl1e JKe, KaK s / I: L .x =14, &" =15, "c =19 . 
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B Ka4eCTBe "BHewHero" rpaHII4Horo YCJIOBllil, arrrrpoKclIMHpYJOll1erO YCJIOBHe 

Ha rrpocTpaHcTBeHHo~ 6eCKOHe4HOCTH s'(oo);= ei!c ,IlpIlHIlMaJlOCb, tlTO B 

Y3JIaX, oKpYJKalO!l\Hx paC1.leTHYJO KOHetlHYJO pellJeTKY, 5= e2 • 

Bo3MO~HN CJIeAYID~e BapliaHTN CHMMeTpliH KOH~lIryp~H CI1IIHOB OTHO

CIITeJIbHO rrOBopOTOB Ha 900 
BOKpyr OCH 0 l : 

A) S x- Sy Sy ----+- -sx 7 s"- ~ S ~, 
(2) 

B) :5~"""' -5'iJ ' d'f---+ ~x , J ,!! ->-5", . 

COJIIITOHHOe pacrrpe~eJIeHHe, HanAeHHoe Bill, IIMeeT cHMMeTpliID A. 
PaCCMOTp!UoI Hat:l8JJbHYJO KOHqIHrYPal\IIID CI1IIHOB, orrpe~eJIileMYID B Y3JIaX 

1!eTBe pTI1 p erneTJrn COOTHOWeHllilMH (K=O, 24) 

sx =2 ( /'11 #~ + N2 N 3 ) , Sy ~2(jI!1 "'3 -;112#") , 
( 3) 

S III -I- oil _ .1 2 .1 2 
;0 3 I ' ., IY1 - rv 2 

1_ 22 2 3 2tl 2 ::ri 1- = 1,2, 3, II" ~ - , t ="'""' X · Xi. = 1< 11" }i 1+ ,-2 1+2:2 L-. , 
L ': 1 

H rroTpe6yeM Bbll10JIHeHHll CHMMeTplI1I B (3a,n.aHHe CI1MMeTplHf A I1JIII Il 
orrpe~eJIileT "BHYTpeHje" rpaHlltlHble YCJIOBllil Ha 11JI0CKOCTRX Oxz H O~l ). 
~ee 6~eM, KaK 11 B II, rro04epe~0 Bbl611paTb HOBbie 3Hat:leHHil t B 

Y3nax peweTKII TaK, 4T06b1 3Heprllil B3a11MO~eHCTBlill 06HOBJIReMOrO CIlliHa 

C 3a~aHHhIMI1 CIlliHaMI1 B coce,IJ,Hllx Y3JIaX (CM. (I)) 6blJla MHHIIM8JJbHOI1. lJOJIHblH 

06xo~ Bcex Y3JIOB pellJeTKII Ha3blBaeM HTepaUlieH. flpoue,nypa JIOK8JJbHOH 

MHHIIMH38ill111 06HOBJIileT 3HatleHI1e K~oro ~ Nit pa3 ( N,t - 411CJIO 

HTepauliH B B~IICJIIITeJIbHOM 3KcrrepIIMeHTe). 

Ha pllc. I rrpeACTaBJIeHa 38BHCI1MOCTb 3HeprHH E OT HOMepa HTep~1I 

TZ.,:t rrpl1 01.. ~ 2 • .f.> =i 0 ,T. e. rrpll Tex ~e 3Ha4eHIIRX ~ II} , rrpll 

KOTOPNX Bill 6b1Ra rrOJIyt<eHa rrepBaH COJII1TOHHaR KOH~lIrypaQHR. TOrrOJIOPH-

1.leCKIiM 3ap~ He COXpaHileTCH B Te4eHlle Bcero BpeMeHH C4eTa (970 IITe

pauHM). JIOKaJIII30BaHHOe pacrrpeAeJIeHlle, KOTopoe Cqx,PMHPOBaJIOCb 3a 9'70 
IITepaullH, HarJIil,IJ,HO rrp~cTaBKeHo Ha pllcYHKax 2-5. Ha pl1c.2 11306p~eHbI 

Sx II St KOMrrOHeHTbI CIlliHoB,paCrrOJIo*eHHbIX B Y3JIaX 11JI0CKOCTI1 OX~ 
(KpecTIiKII YKa3b1BaJOT, 4TO s~ :::. 0 • T04KH - s';j <.0 ), Ha pHCe. 3 npe~
CTaBJIeHbl CIlliHbl B Y3JIaX AliarOHaJIbHO A l1JJOCKOCTH Oil, • ~eJIilII\ei;j rrOrrOJIaJd 

y rOJI Mel!t~ 11JI0CKOCTHMI1 OX ... II 0'i to , 11306palKeHa TaHreHillI8JJbHaH COC

TaBJJ ll fOll1aH J = (! . e., + 1~ . e~ )1V2 (KpeCTHKI1 03Ha4aIDT, 4TOt 
~'I'I =(S'3 - SJ( ) / (2 >0 • TOQKH rrOKa3l¥BaJOT. 4TO S n <.0 ), BCe paCCTOilJ-!IIH 

MeJK,IJ,y Y3JIBJ.ffi rro HarrpaBJIeHHID Of, YMeHbllleHhl B (2 pa3) . KOHtPHryPauHH 

CITI\HOB B Y3JIaX CpeAHHHOM l1JJOCKOCTI1 0X1 ,cooTBeTCTB~eA ni ~ /O . 

rrpe~CTaBJIeHa Ha Pl1c.4, a CIDIHbl B Y3JIaX l1JJOCKOCTH n;o =13 - Ha pHC .~ 

(Ha pllcyHKax 4 II 5 KpecTIiKII cooTBeTcTBYJOT S;t ::- D • T04KII - s .t. <. 0 ). 
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I locJI e Bbln OJI He HI1R 9'70 I1TepaI.lI1 l1 OTHOCI1TeJIbHOe 113MeHeHl1e {!, E / E 

3a O~Hy I1Tep aul1D COCTaBJIHeT 6,8.10-u '" (B ~aJIbHel1meM aE/E YMeHbwae

eTCH), 3XCTpanOJIfl~I1H pe3YJIbTaTOB B~I1CJII1TeJIbHOrO 3KCnepl1MeHTa n03BO

JIHeT onpe,ll.eJII1Tb 3Heprl11O BToporo COJII1TOHa: E2 :::: 6 S6; ~JIH cpe~Hero 3Ha

4eHIUI ~ '" no BceM Cnl1HaM pemeTKI1 nOJIy1.IaeM: <S l >2 ~ 0, 8 , 4'1'0 HeCKOJIb-

KO MelibllJe , 4eM <S'<. '? ,IJ,JlH nepBoro COJII1TOlia/
I / : < S l >1 ':!::: 0,83 • 

~c. 2 nOKa.3blBaeT, 4'1'0 B l1JIOCKOCTI1 O::c ~ BTOPOI1 COJII1TOH I1MeeT CJIe~

ruyKl CItMMeTpl110 OTHOCI1TeJlbHO npe06pa30BaHl1H Z! -+- - i': : S" -;. S x , s;{-"-s.a , 
5 ~ - S ~ , B T O BpeMR KaK B !1JIOCKOCTI1 Or: is OTIiOCltTeJIbHO TaKoro lKe 

npe06pa30BaHl1H CI1MMeTpl1H ~pyraH (CM.pl1c.3): S x ' -->- - £ x' ,S~, -+ Sif' 

Sr- S i; ,3~eCb .z'=.x ,COS!f'+Ij . $i.ntf , y'= - x·sin cf +'1 ~<f, 

If = 450 
• HaJIl14l1e TaKOI1 CI1MMeTpl111 OTHOCI1TeJIbHO l1JIOCKOCTI1 OXtf OTJII1

4aeT BTopoe COJII1TOHHOe pellJeHl1e 0'1' nepBOro/ 
1/, He l1blelOmer o HI1KaKO~ 

CI1MMeTpl111 OTHOCI1TeJIbHO :3'1'0'11 l1JIOCKOCTI1. vb ~aJIbHei1me['o 113JIOlKeHl1H 6y

~eT nOHHTHa ITpI16JIl1lKeHHaH CI1MMeTpl1H KOHqMrypaul111 Cl1l1HOB BToporo COJII1

TOHa B !1JIOCKOCTI1 0 ~ (Pl1c. 4). OCb 0 e HBJlHeTCH OCbll CI1MMeTpl111 

BToporo nOPRAKa 3Toro COJIItTOHa. 

B nOI1CKaX ~yrl1x B03MOlKHblX JIOKaJIl130BaHHblX pemeHl111 paCCMOTpl1M 

Ha4aJIbliyID KOHqMrypaUl1~, 3~aBaeMY!O B Y3JIaX nepBOI1 4eTBepTl1 pemeTKI1 

COOTHOmeHI1HMl1: 

5 	 = s,,' . ~.o - S , . S Lf1 ,px .,. If ., ) 
( 3) 

s~ 	 == S X I . S'·n <f + Sd ' . co-6 <f> 


2 , /2 2
5 l = N 3 + / v 4 - IV1 ) 

Sx':=2IV1 N" , S'J,= 2 /o/1 113 ) 


2 x • - 1 - 't. "Z .I. Z 2
N3	 =~ IV0/ - /1/1 1+~2 	 1 /7- 2. 7; =£+:/+"" ,
1 t '" '" ' 


t~ <f := ~ , x,. = K ni, K -: 0, 2'? , 


11 ~OCTpal1BaeMY!O )J.O nOJIHO~ KOHqll1rypffi\JH1 B COOTBeTCTBl111 C CKMMeTpl1el1 A. 
npo~e.n.ypa nOCJIe~OBaTeJIbHol1 J10KaJIbHO~ MMHI1Ml13au~ B npe~nOJIOlKeHMIt 

CKMMeTpl111 A (no-npeJKHeMy 0(. = 2 ,j=10 ) ,ll.aeT 3aBl1CYlMOCTl1 E ( n it ) 

11 <Sec> (!Le i.. ) ,COBn8,l\aJOml1e C TaKItMI1 lKe 3aBI1Cl1MOCTRMI1, Hal1)J,eHHhIMl1 

B nepBoM 3KCnepl1MeHTe 3'1'011 pa60Thl. PaC4eT 6blJI npeKpa.!l1eH nOCJle 730 I1Te

pa4l1fl. IbJIYtIeHHhll1 B HeM COJII1TOH 6Y)J.eM Ha3hlBaTb TpeTbaM . Ha pl1c. 5 -9 

1130 6paJKeHhl pacrrpe~eJIeHI1R CrrMHOB B Tex lKe l1JIOCKOCTHX, 4'1'0 11 Iia pltC. 

2-0 COOTBeTCTBeHHO ~JIH npeAhlAYmero 3KCnepl1MeHTa. PaCnpe~8JIeHl1H, It306

paJKeHHble Ha Pl1c. 2 ,5, npaKTl14eCKl1 He OTJIl14aJOTCH ,lIJlyr 0'1' ,lIJlyra (He3Ha

4l1TeJIbHble pa3JII1qJ1H 06b RCHRIOTCH TeM, ~TO B 3Tl1X ~ByX paC48Tax Bbll10JI

5 
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Tp 8 TbeI'O COn l1T OHa s rolOCR OCTI1 02g , npeACTaan8HHOI'O Ha pl1c.7, OT


HOCI1't'eJlbHO npeo6paaOBaHl1JI. c--+--i'! C.Ile.IJ..YlOlilaR: S",---+-5,,' , Sy,-+-Sy' 

S2 - S t ( 3A eCb )(' = X ' UJS!" + ,/ .sin..( , ra'==-J:·Su?'S- +tj.CO-S( ). 

OCb Oz - OCb CHMMeTpl1K 'ljeTBepTOI'O nopH,ll,Ka MR 3 TOI'O CO.llI1TOHa , itBJIRJl

ll\eI'ocn "HIlH6oJlee CI1MMe Tpl1'ljHh!M" 113 Bcex HaiiAeHHhlX: IipOMe OTMe'ljeHHhlX 

CHMMe Tpl1v, Hammo npH6JIl1JKeHHa.H CI1MM8Tpl1R OTHOCI1TeJIbHO nOBopOTa Ha 

npO~3BonbHbl~ y I'OJI Ifl BOKpyI' OCl-i Or , npeBp8lI\alOlilMCit B T04HYiO npl1 

1:. --'>- 00 

x 3HepI'I1R TpeTbeI'O, "CI1MMe TpKtIHOl"O " COJII1TOHa E3 COBna,Il,aeT C E2 
(S'- >3 cOBnaAaeT C < S l.;> 2 • i1HTepecHO OTMeTI1Tb, 4TO "HaI160JIee 

CI1MMeTpl1tnibli1" COJlI1TOH I1MeeT 3HepI'l1lO E3 > E1 - 3Heprl111 nepBoro c 'OJII1 

TOHa, He CI1MMeTpl1'ljHOI'O OTHOCI1TeJIbHO nJIOCKOCTI1 O~y 

1l0KaJKeM, 'ljTO TpeTI1 H COJII1TOH npe06pa30BaHI1eM pacnpeAeJIeHl1it CnI1

HOB, coxpaHffiOUiJ'lM 3Heprl1lO E (CM. ( I) ) . MOlKeT 6b1Tb no.nyqeH 113 BToporo. 

D'lIeBJoIAHO, 3 aMeHa s~ --s~ BO Bcex Y3JIax He l-i3M8H.HeT BeJIK'lIKHhI E 

IToAeHcTByeM TaKHM npeoCipaaOBBHl1eM Ha Cnl1Hbl BTOpoI'O COJII1TOHa, pacn o

JIOlKeHHble B Y3JIaX nepBOM 4eTBepTI1 pemeTKI1. ~OCTpOI1M nOJIYLleHHoe pacnpe

AeneHl1e AO nOJIHo ro, I1CnOJIb3yit CKMMeTpl110 A. TaKot! COJIKTOH (CM. pl1c.10, 

11,12, CpaBHI1BM I1X C cooTBeTcTB~MI1 pl1c.6,7,B K pKc.2,3,4) I1Me8T 

E = Ez "E3 , <S ~) = <Sl >2:= < S j! >3 ' HO ero TOnOJIOI'K4eCKI1H 3apH,ll, 

He ==-1 .)J.nR nOJIYLleHI1H "CI1MMeTpI14HOrO" COJll1TOHa c He =1 Tenepb 

AOCTaTOtniO nonapHo nOMeHHTb MeCTaMM CnI1HH BO Bcex y3JI8X, 3epKa.IlbHO 

CI1MMeTpl1'llHhIX OTHOCI1T8JIhHO Cpe,ll,l1HHO~ nJIOCKOCTK 01'':1 , T. e. S (X, '1, i- ) 

S (X, 'i , - ~ ) ~ npl1 3TOM He ~ - 1 3aMeHI1TCit H8 He =1. • 
f1p116JIl1JKeHHaR OCeBaJI CI1MMeTpl1H TpeTbeI'o COJll1TOHa 11 YKa3aHHait 

x CBH3b BToporo 11 TpeTbeI'o pemeHl1it xapaKTepl13YIDT npl-i6Jl~8HHYID CI1MMeT
x pl-ihl BTopoI'o COJll1TOHa B nJIOCKOCTI1 OX';j (CM. pl1c.4). 

x Ha.Ill1'lll1e ,Il,I1cKpeTHblX npe06paaOBBHl-iii Tl1na OTpa!lt8HH.R S ~ +- s , 
x s < -- - s • 11 -S (~, Y, i!. ) ~ -s (X, :t, - r:), COXpaHffiOlI\KX 3HepI'KIO E~ , 

x BMeCTe C c~eCTBOBaHl1eM CHMNeTp~HOA 11 Hec~MMeTpH4HoA OTHOCKTeJIbHO 
x nJIOCKOCTI1 OX,:) IIO.D. COJII1TOHOB (MOl!HO OlUl.D.8Tb c ylqecTBOBaHHit H APYI'l1x 
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