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B T60PBII 11apma: KOppe.lii<IIItll CBepxtlpOBO,IIIIll!ero Tlllllll r""""LTO!IlllaH 

)I1I>I HeliTpoHHOll 1W1 IlpoTOHHOJI CHCT6M!I ,lle\l>OpMHpoBaHHOro Jl,lij)Q 6epeTCR: 

B BH,lle/I/ 

~=Z{E(.rJ-.?.}a+ a -6-L a' af a a 
S6" 

0 
$() Gtr St=s' Sf s- s'- s+ ; (I) 

r,119 E;,(s) - O,li!IO'<B.CTH'<HM 8H6pl'l!l<, S + , $- - O,li!IO'IBCTH'!Hll6 ooo-

TOJlHlii'H, .A, - XB:MlAeCIGII: IIOTe~. 

Mil llCIIOJILSyeM TO'II!He BOJIHOBHO il\YHKrlm II III!TepecyeMCR: TOJILKO 

Me'l'O.IJ;OJIOITieCKJIM BOIIpoCOM, 88Jt1110118DltRMCfl B ITp:HMeHemm TeOplm rpa!poB. 

Bmr,zry 9TOI'O IIOJIO!Dim, T¥1'0 

H==:Z E(sJn,. (2) 

(3) 
+ 

3,1lec:o f. 11 f. - onepaTopH poll,llellllll! H YJ!lt'IT<>MIIllll! napu B co-

CTORHID1 ~, .11-
9 

- onepaTop '!IIMQ napH. KoMMY'rii!IHOllliH6 COOTHOmellllll! 

)I1I>I STK< OllepaTopoB llM6IDT BH,~~: 

(4) 

(5) 

Pacc,.,TpHM sa.~~aqy Ha co6cT:eeJIHiile cocT()l{lDtl{ B MY'<B.9 ( n, AI) , 

r.11a n - 'll<Mo nap, IV - '!HMO O,li!IO'IaoTit'<HHX ypaBHelllllll : 

(6) 
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I, CJiy'i8ll ( 1, II). OIIepaTOPHYJl BOJIHO:eyJJ ~ 6111911 :llOltB.U 

B llll.ltO 

lf(1,11) = L., t. (.,. /o) 
t" /. ' .; (7) 

H 1.f/"(t, II)= £,1'1 )t'ftAI) rae /o> - :saeyy11 .!WI 'laCTJ!il, lis yp81111BIIlll< 

' Ha.XO;niM, 'qTQ 

E <tr- 6' L 11r = E 11/ 
r 'tf- e 't ~N 7;... • (8) 

(f-Fr) 

(9) 

v:j = t/( c;; -E,.- IT-) 
' (IO) 

r)l9 j - HoMep xoplll! yp81111BIIlll< ( 9) , / j - BeJI:Il'IHHa, ae Sam!CillliBR 

OT I" , Pemelllll< llll.ltO (7) npJI PEI3JI:Il'IJIHX KOPIIIIX yp81111011111< (9) OP'l'Ol'O-

HBXDHH Meany oo6ol: 

L (<oJ(,.f/M)lf/-~'irJ=L. 
r;s r s r 

" . . 
=I 'IJ ( 1 . z j - L .1 )=0. (II) 

t:' E' ,.. E -E. - 6' E' - E - G 1AI - tAl 1..V ,.. 1J11 r 

Bou BBBOTII onepaTop 

To, aeOY>TJlll ae (II), c/c//o). (i>FJ) , c,'c/c;f.> (i'ftj-tK), ... , 
ae ltBIIIImM peme!lliiDIII Bll,ll8'111 ( 2, AI) , ( 3, IV) , ... , n-sa 

nepeoTBHOBO'UDIX OOOTHOJDead ( 4) , iloUOII3' .!WI ltB.II.IlOJ.'O OJIY'f8ll ( J7,, II) 
H806JI:O,IIJDI) dWIO p&IIIBTI> 98)l8'1J OT.Ile.uJIO II .lliiBrOIIIWtS:IlpoBBU IBTPKitY 

pea ... pa. paBHOro 00'18TIIBIDJ c; . UpaKTII'i80118l1 HSB08110111100Tl> OOYJII80T-
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BJIOIIJ!R TBl!OI npo:rp6lolMJi liJIH l\OOTaTO'IHO 60JII>liJJil[ n Ill /v' , lllMBD-

IIIllll< tjllllai!'IeCKlilll llll'tepeo B TOOPJillll napJmX KOP~ OBOJlXT8!!1'191'0 

TIIIIB, nplllB8JI8 II OOS.JlBHIIID 9~1!TIIllll01'0 Hj)lllMDeRHOl'O M8TOll8 /4/, 

2. CJ!l"lal (2Jo/) , BOJIHOBBil ~ lllMB9T Blllll 

?.f(:Z,N)= Z Y.;/ t;r ,Yf-/o) J 

rlle Jt! = o , e OJilll ,j !> l . 

(12) 

lJO)lCTIIJIJIM 99 B ypaliii9Hlll9 (6), lJOCJIO STOl'O, YJotl!Oaa!! llBIIHOO yp8Jl

H9Hllle 0 JIOBOI CTOpoHH HB Bei!TOp BlllllB <oJf,_ fK , nOJIY'li!M ClllCT9MY 8JI

re6par!OOKlllX O)liiOpollHHX ypalllleHJill 

(E,-tE~-~1/)ft +'f:,_)-{;-{-(f,_+~)- 6',?(*'- +lt)=O. (I3) 

(j,;r) (j"K} 

llpa .. N=~ SBJIB'IB Tj)lllBlll!IJILIIB: ~2 = £, t-£2 , ~= 1, llpa ;11= 3 xa
paKTepHHI ,IIJIH 60JII>liJJil[ ;V H8Cl!IISHHI rp~ 01119 He nOltl!JIStOTCII , noaTOIIY 

no)lpo6Ho p&COifJTj)lllM CJIY'I8I ;1/= ~ , MaTPlllnB OlllOT9M>I TOr)la lllM80T Blllll · 

1 

1 
0 

r~e. MK BBSKB o6psHaqeBBK: 

1 1 1 1 0 

~rJ:l.tAl 1 1 0 J. 
, <,,-<,,.,. 0 1 1 

1 0 °zJ-czN 1 1 
0 1 0 <,,-<,,; 1 

. c f· 1 0 <.,-<;,. 
$;K = ( E'rr£.:)/G • l = E_.N /9- • 

(I4) 

l!pallCTBBlllll .Onp&ll&JlliiTOJII> BTOI MBTpiiiiii B BJilll9 HQ.1111l110118.. no CT8H911HM 

npoHSB9ll9HJill .IOIBI'ORBJII>RHX 9JIOM8RTOB : 

det(z.p)=.L .( i ·(c,- -£).(6. -e)···, (I5) 
-,.,'2J··· 1 ~ 

Ill noaaae• Ol!IIIOI> CTPYII'l'YPH 110s~~B. K ;
1 

, i~ ,.. . . . o TOIIOJIO<'lll

'looKOI CTpyKTypol ~B .• 

Jlmt IIP&TI!OOTlll lllSJIO&eiiJ!R BBe;JI;OM Jlll,ll onpe)lOJIOHJill .• 

O!lpe-.,roliJile I. ·JIJ>6ol 'ill eli HOJDIIIOIIIl ( !5) , HOJlii,I(OK KCTOporo HA 
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'1:110.110 f BD8 II&KCRM8!D.!II)t ~81I8Bil, IWIHIIIIHOII 'IJI811011 Jlepu!lll f 
0np&.JIM8Bil8 2, llpon:ae~llll8 ( (;.i,- (;){&.f.- 6) •• • { (;.ip- {;) , .KOTOpoe 

O.IIOJG'&T no)l~a:BII'll> 11 npoaa:ae~IIJII> {&'r -£ ){\ -&). •. {&..;t) uellll lleJIIIDIII 

f JlO o<lpasol!8111111 IIIIJtQD!I!D.!II)I OT81I8HII, llll8111Wl"OII ,JIOBOJ!IIIl'le.n.

moa: MHOD'!'8JDDG: &'!'oro uesa. 
Ko~ll'l' &.ltiiiiO"BeiiHOro ueaa :aepa1111111 0 puea I, a .KOa\(111111111en 

IIpJI Jlll6011 '1.118118 BepmJIBII p= i pe:a&ll llfJIIl. IIpa f= -Z B08110&11 

... Clll"IM. EOJIII lii!MIIOli it . J.e wx JlC)BOJ!IIIl'ltlnHID: IIROJIII'lBJiel, 

(l,; -£; )(&~- & ) ,I<aKOl'O-TO ""'8!1B. :Bepllllllli 2 COJl&:pEA" o6n(ee 'IIICJIO, ro 

STOT ""ell BXOJlltT B (I5) C R00~!11IOHWII 

/1 t0 J 1/, 
a B Jlll6011 ;llllYI'OII OJI1'IU - C XO~eHTOl4 

II g gil 
Alw!OI'IAIIO .DJdol U811 Bepm&ll f> IIXOJl!IT B ( I6) 0 JfO!IiMmiPeHTOII, 

p8liiiHII Onp&Jl8Jl!ITII.Ul IIM);JIIIUI ( P•P) , B ~pol (!, m.) -lt U8118HT 

1J811811 I ( Bllll 0), 80.1111 1111Jl8110li le II /"'- B { -lt II HI- -lt 

JlC)BOIIHII'lBJIWIHX IIIIOD'l'&lU!X MHHOI'O 'DI8111l OO~JIU.T (ZD 118 OOJlapu.T) 

~8 '1:110.110, IIOp!IJlOR 8TIIX IIIROllll'rUel B npoli8B8Jl8HIIII IIOcyJI!eOTBOH, 

'fBII 1Wt IIX nep&OT8H011118 119 -8T B'& ~ oupe-I.IDI, 

TeneP>o JUIII,1lOI 118TP11118 (pxp), OOOTB&'IOHY-1 R08~11"1 'DI&

IIa Bej)IJIIIHH f, BOCT&BKII B OOO'IB&TOHIP 1'P8IIi 0 f> BepJIIIIIIIIIIII, B 110-

'tOpoll i. -H lt 1" -H BEIJE& ooeJIIIII&BII, 80JIII ll IBTpllllll ( i,, Y)-lt 

ueMeHT paBOH r. Toma lt!Ur,lllilt "OUOH caJty.mpHoro fll!lBI!elii!H 11 caepx

~ III)JI&,D .RJij)a Oliii81D118'101I 0 01!PI• F W l'P811i011, llp!i f= ,Z 

eyJII8 OTliJI)'1' JIB& 1'P8IIia : 

• • 
llapmd: OOOTBEITO'l'li19T 'IJ!elm!l 'le!BePTQl'O nopil,lllla, ,IIlla ,liOBOolllll'l8.nlll 

_.,8.111110TOp!iX -m Qll8~ --: 

I2,I3; I2,I4; I2,23; I2,34; 13,14; I3,23; 13,34; 14,23; 
14.34; 23,34. 

a BTOpol! - Tat!lle 'IILOHall 'IOTlleprore BOjllll!KB.,liO JlOBQIIHltTe.!U>IIll& IIIIODTe-

• 



Jill ltOTOJlHX IIMem i!HJIOKCH !2,34; !3,24; !4,23; AHa.n:oi'II'II!o .i!OOol! :rpaq; 
COOTBeTCTB)TeT >ll!OllteCTB)T 'tlleHOB, IIMenQI!X 06J11YD i!HJieRCHyll CTpyXTfllY • 

ilOSTOJIY Mll l!cno.n:&Sye>! S.lleCl> HeJI01<8'i8!1HHe :rpaqiH, I'paij)H,IIOllBJ!llllll/leOII B 

CJI:Y'lB.8 (2, 4), 6ynyT TB.Itllte npiiCYTCTBOBaTl> BO BCex CJlY"'MlC (2,N') ,l'JieN> 5". 
TeopB>I l'Jlli'IOB MOaT HIU'JPI.IIl!O IIOIIII3loll!&U BOBJm.DHe TOilOJ!Ol'IAeo

lllle H831<8JIBa>IOHTHHe 1111Jt8KCHHe CTPYJI'l'YPK 'i>I8JIOB (15). Eo.llee TOI'O, 

CYIIIeOTByeT ll3JIIIlHHII rJlli'I&AecKIIII cnooo6 llll'IIICJieiUIIl oupe.li8Jil!T8Jlel 

MB'l'pllll' IIO':Ojllle IISo6jlU811'1'011 rp...... 12- 3/. Ollpe.ll8JIB'l'en IIBTPIII1H A ' 
OOO'lBe~CTBJlll4811 1'p8ljy (i , p&B8H 

n. e~,: c. 
Jet A{G)=L {-1) 2' 

i=J. , (!6} 

r.ne e ,· , C t" - 'UOJIO '1!8THHX KOMnOB8lft', 'UCJlO upoC'lliX IUIUOB 

i - ro .mmeiHoro no~. 

BosiiOliiiH CJie.QD!t.:e l'P8IIB B Clq'l88 (2,4): 

np" P. 3 L ~ 

np" p = 4 0 1Sl 
np" p• 5 ~ nP" p-6 ~ 

lti paso6pa.m CJIY'IIIII (2,5}. PasMOp OKCT81Dl p&B8H IO, II&IIOIDtll.l:r.

JIIIIl rpaop JDI98T O'l'OJil>Kil :we ae~. Hs orpo1111oro .IIOD'ileCTBa l'Jlli'IOB, 

-- ,110 IO l!llpallll, Slll!IOII P8MIIIIY8TOR OJ.liiii!!B'l'UI>RO HedoJilllloe u 
'liiOJlO, :1n l'p8lj&l JlpDe,lleHH B llpuOliBHD. Ollpe,ll8JIII'1'e.D JIUPUI, D06-

J"' • • 8ft rpa(&:, T.e. ~liT& K~, iz , ••• B (15}, lll'lllCidll-

11118 110 {loJ31YJl8 {16}, .D1Di B !llli.ulue, 1',118 j> -'DIOJlO ll18pDII, Y" -Ho-

11111 p 1'PIII{a li8JIIIIII f B llpaouBD. 

i:'aCOJm'lp!lll OIIJ'{all ( 3 , t/ ) • Boll!o:aaa ~ JDI98T U,lll 

(I?) 



Tll6.o:ua 

X I 2 3 4 5 6 7 8 9 IO 

I 0 -I 0 0 0 0 0 0 .:.az --64 
2 0 2 0 -2 0 8 IS 

3 0 I -2 -4 0 

4 -3 -2 4 0 

5 0 0 0 

(t,. +ej +<-K -0" JtK- G {& .t.-::- Gf. tK:: G.f... ~. =o, 
S:l:i i1:.f S#.K 

(IS) 

r,ll8 p - 0608HQ'IBeT oyMIII!pO:BaHII9 ao aepeOTIIIIOBKaM IIH,Il8ROOB. AIIaJms 
OTPYR'l'YPH ypa!IHO!D!I (8), (I3), (IS) aosBOJilleT l!liiii!oaTI> II!IM ~emm 
Mil BOJIROBOII \WIIRili!Jr B CSMOM OODtOII OJIY'IBe { n, AI) : 

.,.r;.Z, 'f. .,-.. r;,E. * . -... -t;.L, * . =0 U9) P,s :r_~~ ... n I';S 's~···/1.. P.8 r;; .... s . 
. :.·.Stfd.-1.'':···~··-&:1/" ···:s~n. ' 

~oio,'R&R1nllollli~· ·71'•:K· = o ; eOJIII llll,ll8i<o He Y116MeTBOplleT''ydL·· r.; ... n. 
JIOlllll>' i~j''~IN: .. :·,;. n; 'OBili.J\ :yp8:tmeHidl (I9) a6~T~'-'ITO ''eOIIH' 

MH'IDI1ii9i.fM8Tp.ey- OllOT8MV, TO { i,1 'i:;} ... i:~';~;~J~~··:J~)·· •I' ·9JieUeH'T'-"~ 
pa:BeB I, eaD~Ha6op··u:oeJI i-1 ·- ~ ~-r•, '; ~. ~ 'i-~ oorA::naeTOS: ·oor Ba-" 
6opa 'D!OOJI ,j; , .;,; , . . . j,_ TOlll.H6 'o;D:I!IIM 'D!OJIOII •. '1! 'llpoTBBHOM ' . 

QliY'IaO a.TOT• aJieMBBT·'p8BSH synl). :no 1tllX paa ·Ta llllTpillla>:ll ooorneTCTIIll:e 
ROTOpol IIOJ!IIO UOOTaBI!T:& rpa4). TUBM o6paaOil0 B Jlll6oll QliY'IaO JlH 

DIBOll IIOJIO c ~·· I'paiiJi!'lao!Cidl mioooo •ao6paaemm oeq.IIllp!IOro ypu
Hemm HOOH YJ[D8poanHHII xapamep B OBOJIX'l'OR,Y'Iel 110,1l8JD! su;pa. 
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AllTop O'IIITBeT CBOIIM npB!iTH!IIol ;JIOJII'OM BHP8SIIT:& 6Jr8I'Ol18Pl!OCT:& 

npoq;. B.r. CoJronel!j' 1t J!8H'I!I~TY ~ltRO-MBTeMaTit'l9oKHX HBYK 

Jl.A.Ma.>Iol!j' sa !!l!!lW!Hite K )18HHOJI pa6oTe 1t no~epzgy. 

il!!!p!OSHite . 

I'P!$i , nOJIBitBIIIIIe"" :s OJIY'Iae ( 2 , 5) 

~..~ 4 5 6 7 

1t:l tl @! ~ 
2tsl tZt ·®. ~ 
3IS: @J ~ ViJl 
4 181 ~ 0 0 
5 u 0 * 6 D. ~ m • 

[0 1 2 3 

1 • 

2 -- • • 

A • 
3 L -
8 ~ • 9. 
10 1 J If a 
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