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AHHOTau.1111 

B pa6oTe p:iccMaTp11ea eTCH B03M0:M<HOCTb IIHTenpeTau1111 cna6b!X eaa11MO.lleitCTB11it 

,nenTOH.08 '1taK !3qJ<PeKTa IICKpllBneHIIH npocTpaHCTBa-epeMeHII Ha paCCTOHHIIHX lIOpSl.t\K~ 

·t-'. ,'3£: -(,.10-17_ flpe,llnonaraeTCll, '!TO nenTOHbl ·on~~blBaIOTCH e,llllHbIM, CllllHOpOM np~c-
vhc · . , 

TpaHCTBa n ,113MepeH11it, noeepx_HOCTb'? B KOTOpOM !IBnHeTCH q:>11311'1eCKOe 'leTb!pexMepHoe 

npocrpaHcTeo. YpaeHeH1111 3Toit noeepxHocT11 cTpOHTCH caMocornacoeaH11b1M o6paaoM c a·o-, 
• 'I 

MOlllb~ 3Ha'leHllit CllllHOpa Ha Heit .II C y'leTOM ycnOBIIH_ 3BKnll.llOBOCTII HS 6eCKOHe'IHOCTII. 

'nocTyn11pyeTc11 Koeap11aHTHOe ypae~eH11e c Hyneeoit Maccoll .llnH aHa'leH11it cn1111opa Ha 
• . • ,- I' , . , 1, r. ' 

noeepXHOCTII, KOTopoe ,llonycKaeT B03MO:M<HOCTI, eeeCT[l 3neKTPOMarHIITHble .B3allMO.lleit-
. , ' 

~T_BIIH II B nepeoM np116'.i111}KeHH1! ·,llaeT on,11CilH~e cna6i.ix·-eaa11Mo.lleitcTBllit. 06cy:M<.ll8IOTCH 

_ ycnoe1111, np11BO.llH1Ulle K V - A ~ap11aHTy cia6&IX B3allMO.lleitCTBllll. 

Abstract 

' .¥ I 

A po~sibility of interpreting weak interactions between leptons as an effect of the change in.the space-time 
. .. · , · G ·17 · , · 

. structure at-distances of order ·of· f ., ;J-- = 6- 10 is considered. The leptons are assumed to be des-, . h C . 

crib~d by the single spinor of n -dim~nsional space, the s~ace of this space being the physical four-dimension-

al space. The equati~ns of this surface are construc~ed in a self-cons'istent 
1
m:.Oner by means of the va1ues of 

•\ - . ·~ . ' ' ' ' 

the spinor on it and with account of the Euclidean condition at infinity. A 'covariant zero-mass equation is 
• • ' I • • 

post~l~ted for th~ values of the spinor on th~ surface. It allows to introd~ce the electro..:n~gnetic interactions 

and describes weak interactions in the first app~ximation. Conditions are discussed which I ead to the V-A 

. vllliBDt of weak interactions. 

/' 

ii/ 

,! 

,, 
-.... , .. / 

1. B B e .ll e H iI e 

'I . . . 

·, 8 nocne,llHee epeMH IIH0r.lla_ BblCK83bIB8eTC!I MHeH11e, '!TO 'cna6&10' B3811MO.lle.ikTBH!I . 
I '! -•- • • • ., 

3neMeHTapHblX ,'l~CTIIU Ka_k11M-T0 o6pa30M CB!I3aHbl C · 113MeHeHHeM ,cTpyKTYPbl. •npocTpalfCTea- .': 

epeMeHll.,Ha Man&IX paCCTOHHHHX, a IIMeHHO, Ha pa~-~TOHHll!IX_ nopst.llKA •cpy~.ll~MeHTa~~HOit . , 
. _.lln11Hbl

1
/l,2/: . . . . . ,, 

-a . -17 · · ~ . / 
f .. ;,; __ .. 6_.10. CM, /Ll/ 

ti C 

r.lle 
. - , x/ . 

G; -KOHCT8HT8 cna6oro eaa11MO.lleiic,TBIIH • /v\o :M<HO 118388Tb tt'eKO'f'.Opb!e _cri,oiicTea,' 

cna6bIX ,B3811M'Oael!CTB11lii KOTOpbre CBH,lleTenbCTBYIOT B nonb3y 3TOil rHll0Te3bl.' 
' - ' . ' ~ 

Cna6&1e B3811MO.lleliCTBHH y1111eepcanbHbl,_ T.e. e· HHX_ Y'l8CTey'roT C 0.llllH8K0BOii n~ no

pst.llKY eenll'IIIHbl· IIHTeHCIIBHOCTblO ece 113BeCTHble B HaCT_OstlUee epeMst -"~CTl~Ubl, 38 IICKnIO..,. 
,.~ "'" 

'!eHl!~M; MO:M<eT 6b!Tb, q:>O:OHa. 
. '· 

Cna6~ie B3attM0Jieilc1;e11!I ·IIMeror npOCTbi0 II Kp8CIIBbie CB!JilCTB8 CIIMMe:rpHH, KOTOpb!e ' . 

6&mo 6~1 HHTepeCHO CBst3aTb co CBOitCTBaMII npocTpaHCTBa. 

HaKOHeu, e· cna6bIX ea'aHMo.neikTBHHX IIMe~TCH. roTOBblll STanoH ,llnllHbl / l. 1/ •. CBH3aH-

H&Iil c KOHCTaHToll G I oiipe.llEm!IeMOll _H3 O~bl_TOB ,no pacna,llaM _'18CTHU. · 

0.llH8KO .e· H8CTOH1UE!e Bpe1,rn He cymecTeyeT HH O,llHoro np11MepJ, Harnst,llHO ,lleMOHCT-
' - ; . . - .. ' 

·p11pyrome'ro, KaK11M o6paaoM 11aMeHeHHe ,cTpyKTyp&1· npoc·TpaHcTea 1ia MMblX paccTO!IHllstx· 
- •' ) -- _. ' 

Mo:M<eT sq:iq:>eKTIIBHO np1rnecT11 K cna6&1M eaa11MO.lleilcTBIIHM. B STOii pa6oTe M_bI ,06cyJ:J;11M MO~ 

_ ,llenb, B KOTOpoll., np11 HeKOTOpblX npe.llnono:M<eHII_HX y.llaeTC!I npo,lleM0HCTp11poeaTb CBH3b cna-: 

6b!X B3811MO.lleitcTBllil c·o CTPYKTypoit' npocTpaHCTBa. OcHOBHble cfJ11a11'1eCKlle Tpe6oeai11rn, 
. , , \-· ' ' ' ' ' . 

npe,ll'bHB~HeMb!e K MO.llen11, 38KnIO'l8IOTCH B cn~.ll)'romeM. '6rpaii'11'IIIBWIICb 'paccMOTpeH11eM 
'>..,_ , • • - ,- ., l 

TOnbKO cna6bIX_. B3allMO.ll~llcnrnil,. Mb! He. 6y ,lleM BKm<>_'laTb B MOllenb '18CTIIUbI, B3811M0.lleil-

CTBYIO~lHe c11nbHO, a noTpe6yeM, 'IT06&i MO.llen~·· onricbrn~a TOnbKO. tieTbipe· nenToHa-sne·K;.-
, _ I I • \ 

poH, ,f.L -Ji.ie30H -II ,llBa .Hei!TpllHO.· TaK KaK cpe.llll STIIX 'lllCTHU.'.llee aapst:M<elibl II '.llBB' "'." 

HeihpanbHbl. noTpe6yeM·, 'IT06bI . MO.llenb .llOUyCKana 'aae,lleH111:i sneKTpoMarHIITH0!'O (e3a11M'O.,.' 
• • ' I• • ~ 

-.lleiicTBHH,, KpoMe ,Toro,' MO.llenb :Oon:M<Ha ,llaBaTb aq:iq:>eKTll~HOe •q~Tb!pexq:iepMIIOHHOe B3~11-' 
. . -· ' 

Mo.lleilcTe11e, KOTopoe MO:M<HO corioqTae11T'b c eaa11MO.llelicTa11eM, npHBO.llstlllHM K :pacna.lly 

f.L , -·MeaoHa. · 

n~pel!.ll~M K paCCMOTpeHIIIO OCHOBHblX._.llOlly1UeH11li, _Ha KOTOpblX CTp0IITCH M0.llenb. 

npe.llnono:M<11M, ·qTo MeT_p11Ka npocTpaHc:rea- He SIBnsteTcst, eoo6me roeopst, seKn11.lloeoa', a 

IIMeeT o6utiiil B11.ll: 
./. 

x/ . 
B .llanbHeilweM ecroJiy. nonaraeM 1i = c = 1, 

/1 
3 

~J' 
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ds 2 =-4,/.dx1 ·ax1e /1.2/ 

41c= gltl. 
Mbl: 6y .neM paCCMSTpHBaTb 0.llHO_'laCTH'IHYIO 3a,naqy. ODHCbIBaeMyro HeKOTOpoll BOnHOBOll 

"cpyHKUHE!ll t{,(x) • B 3TOM cnyqae MO:l«HO KOHKpeTH3HJ)OBaTb npe.llbl.llYllll!e .nonymeuHe, 
' 1 -, ' , I • 

npe.nrionOX<HB, · ''!TO OTKnOHeHHe M9TpHKII OT 3B~nH.llOBOll npol!CXO.lll!T 
I 

a6nH311 HeKOTOpoll qe-

Tblpex.MepH_Oii T:~'IKII XO Ha paCCTOl!HllllX I Xie .:.x"I~ f • II n~ipe6~aas, 'l;06bi .an~ .6onbWHX, 
.. . . . . . • . . ·. . . . 0 , : -. . .- ·, " .· '. __ , 

pacc_TOl!Hllii, T.e; .nnll I i/c -"x"I >> f ,1 npOCTpaHCTBO ·cTaHOBHnOCb nnoCKHM. Harnll.llHO 
. • 0 . . , . > - ·, ', •.. . . ; '. .. ' 

MO)KHo.npe.ncTaanl!Tb ceoe, '!TO npocTpaucTao HCKpHBnl!eTCll TOnbKO a6n11311 qacTHUbl, a TO 
j ,1, ' 

BpeMl! _Ka_K a.nanH OT nee OHO OCTaeTCll 3l_lKnH.llOBblM. 

.!l'illl'TOI'.O,-_'IT06b1 'nony_'IHTb onHCaHHe nenTOHOB, HY)KHO BBeCTII B 3TOM npocTpaHCTBe 

aenH'IHHbL cn11uopiioll np11po,nb1. B np~.nnaraeM~ll Mo.nen11 cpyu~u1rn npeo6pa3oaaa11S1 _6y.nyT 

_TaK)Ke 3aB_HCeTb OT '3TIIX aenH'IHH, H BBH.llY C,Ylll9CTB9HHOll Hen11uel1HOCTH onpe.n-~neuHe cn11-:

HOpOB cTaHoBHTCll. TPY .llHOll 3a,naqel1 •. Mb! nonpo6yeM 06ol1T11 sTy TPY .nuocTb, paccMaTpHB8ll 
''·,, :. . .,, -. . ' ' . ' 

!p\13_H~_E!CKoe ,· qe;1,1pexMepuo_e npocTpaucTBO. K·aK HeKoTopyro noaepx;IOCTb , V 
4 

- a ncea.nosaK-

n~·.noaoM npocTpaHC;B~, Sn · 6onbworo 'IHCna 11aMepeH11l1, onpe.neneu11e cn11uopoa B _KOTO:-
. /3/ .. 

poM He npe.ncTasnl!eT Tpy.na · ~, . , 
KaK, H3B9CTHO /cM., ~_anpHMep__ I, .nro6oe '19TblpexMepuoe p_llM8HO~O .npoc_TpaHCTBO 

' MO)KHO paccMaTp11aaTb- KBK noaepxuocTb a .necl!THMep'iioM saKn11.noaoM, npocTpaucTae, · 

j:i_,;~ cn~uHanbHblX B11.110B v, .llOCTSTO'IHO MeHbWero 'IHCna 113MepeH11ll. Bbrnl!WeM 'IHCITO 

r KOMDOH9HT CDl!HOpOB B npOCTpaHCTBBX paanHqHott p83MepHOCTII -n 

n = 10 - r =32 ; 

n~·9;8 - r = 16'; 11.31 

.-· 1•1 '·n =.7; 6 - r = 8; 

n=s - ,,;, 4 

PaccMOTpl!M o6naCTb noaepxHOCTII V
4 

; y.naneuuyro OT _TO'IKH X (lxle..:xlel» f J 
0 . 0 

11 
rlle . v, nepexoa11T- B on.ocKOCTb s 

4 .-· On1oc11TenbHO apaLUeHHll II OTpa)KeHHll l3 3TOll , 

-· nnoCKOCTII Cill!HOpbl MHOroMepuoro· npocTpaHCTBa. pacna.naJOTCll HS ··coOTBeTCTBYJOlllee _Kon11-

\ qec:TBO '!eTb1peXKOMnouenTHblX cn11Hopoa, KOTOpbie npeo6pa·ayJOTCll n11wb caM11 qepea ce6S1. 
' -

B03HIIK8eT B03MOoKHOCTb ODHCblBBTb HeCKOilbKO 'IBCTIIU ' e.nHHblM CITHHOpOM MHoroMepuoro 
\ . . . , . . . 

-. npocTpa!ICTBa. B 'IBCTHOCTII, qeTblpe nenTOHB MO)KHO OO'be,llHHHTb nH6o B ,O.lll!H· cn11uop 

npoCTp~HCTB s 11n11 s • mi6o B .naa ~~3IlH'IHblX ·cnHHOpa. 'npo~;p~HCTB 57 H;JH 's, .. 
J , _9 , . \ 

B o6nacTH I x1e - x" I < f , r.ne npocTpaucTao HCKpiiBnl!eTCll, s_TH '!eTb1pexK0MnouenTH_b1e 
r o - · _ _ 
. CDHHOpbl npeo6pa3yJOTCll' y)Ke .npyr qepea .npyr_a, '!TO_ npHBO.llHT. K B03MO)KHOCTII ITOll~neu11s 

B,3811MO.ll9HCTBIIH ,M9)K.lly IIHMH. 

Mb! npe.nnonaraeM, '!TO .IipH'IHHOll 1!3MeHeHl!H MeTpHKII npocTpaHCTBa l!BITl!eTCH CBMB 

qacT11ua, ·nosToMy 6y .neM cTpOHTb reoMeTp11'lecK11e aenH'IHHbl, xapa11:Tep11·3y10mife· noaepx-

;', 

4 
. \ 

'!I 

HOCTb V
4 

C IlOMOlllblO CDHHOpOB npocTp8HCTBa· Sn • KpoMe Toro, B 'aanb11ellweM 'oy-
.neT noc-rynHpOBSHO yp~BHe_HHe .nns 3H8'19HHll cnmiopa 118 noaepxHOCTH 

CyMMHpyeM . Tenepb OCHOBHble npe.nnono)KeHHll Mo.nen11. 

V 
4 

1/ ¢H311'19CKOe '18TblpeXMep11oe npocTpaHCTBO paccMaTpHB~eTCH xax H_eKOTOpas noeei 

uocTb c MeTp111toll /1.2/ a M11or0Mep110M ncea.nosaxn11.nc.30M npocTpaHCTBe. 
l ' • • ~ 

2 /. reoMe;pH'leC_K~e- aenH'l'HHbl, onpe.nenl!JOl,lll!e 3TY noaepXHOCTb, CTpOl!TCll C 

ITOMOlllblO CDHHOpoB MHOroMepHoro npocTpaHCTBa, 3Ha'!eHHH KOTOpblX Ha noaepxHOCTH y .llOB 
: ·. - ' 

neTBOpHIOT 119KOTOpOMY ypaa11e111110. 

3/ ,!lns 6onbw11x paccTOl!HHll,, T.e. np11 I xk _ xk I > > f 
0 

XO.llllTb B D{IOCKOCTb. 

2. YpaBH9Hllll noaepXHOCTH v,· 

noaepxuoc,:b .non)Kua nepe· 

B 3TOM pa3.nene np11ae.neHbl ll9KOT0pbl9 cpopMynhl 113 TeOpllH noaepXHOCTell B n -. 
- /4//. 

MepHOM npocTpaHCTBe /cM., uanpHMep, • KOTOpble 6y.neM 11cnonb30B8Tb B .nanbuellweM 

TTycTb 

C M9TpHKOll 

Z a- - KOOp.lll!HaTbl ' n -Mepuoro nceB.ll03BK;JH.llOBOro npocTpaHCTBa 

a x 1(i=O, i,2,3) 

Co=.• li 

n•l 

ds2 = I ca (dza )2 ; 

a=o 

c=J(a=J .. ,n•J) a , 

KOOp.llllHSTbl HB, DOBepXHOCTI! 

I C a za a za a-----
a ax 1 axl 

a,, 
' 

/2.1/ 

v, c MeTflHKOll /1.2/. Tor.na 

12:21 

Sn 

TTycTb 11 /3 
al 

KOMDOHeHTbl n - 4 B38HMHO opTorouanbHhlX. e.nHHH'IHblX B9KTOpoa, 

HOpManbHblX K V 
4 

I c/3 11 /3 ,.,·f3 =o 
f3 a/ IL/ alL 

( a, IL = 4 .... n - J ) 

I df3 ,.,13 ~ 
f3 a/ a,x' 

= 0 • 

YpaaueHHll noaepxuocTH V 
4 

/4/ 
IIM9IOT cne.nyrolllHll BH.ll ,, : 

( - a za ) 
a x1 

'J 

n •1 

I 
a=, 

b 1Ja , 
a/11 a f · 

,,a = - b 
a/, t · a/ft 

im n .. I a 
_q_:-:+ I "ra/t 11r/ a X r=4 

5 

/2,3/ 

/2.4/, 

12.51. 

/2.6/ 



I-

3necb-· .b I ·. H. v I ·, stBnstJOTCst aenH'IHHaMH, onpenenstJOIUHMlf r-eoMeTpHIO noaepx11ocTH ·c c, IJ ru I · . ' . . . · 
TO'IHOCTblO no ap~meHnii ·H naHlKeHHli V 

4 
- KaK uenor-o a Sn , · ._ CHMBori { 1 oaHa'!aeT 

KOBapnaHTHYIO IlpOH3BOnHylO t OTHOCHTenbHO TeH30pa g 11 
KaK BHnHo H3 /2.5/ H 

/2.6/, 

B V 
' 

b · eCTb CHM.MeTpH'IHblli TCH30p BTOpor-o paHr-a B ~ , a v,u11 .· 
"~ . ., '· ~/ . 

- BeKTOp 

YcnoBHSl HHTer-pnpyeMOCTH YP8;BHeHHll _/2.5_/ H /2.6/ HMelOT" BHn : 

~n - t 

R 11J. =c,: 
4 

( t1,1r t/1f - bu'1,f bu/t1t) 
I /2),( 

\b -b = l:1 
v b _ , "a/ ' • 

uf11,1c u/1k,I r=, ( ru/1r rJ11 'ru/1 b, /11r~! 
/2.8/ 

"ru/t,lc --i;ullc,I +ifvprll . vpu/1c' -vprf,( v;u/1 
+ /2.9/' · 

... _ 

3necb 

HeTpyAHO 

.+gfm(bi b I -'-b '"" _b I I)= a.-I a mk.. r L , a m 
R f - pHMaHOB ·TeH3 p Kp11B113Hbl. noaepXHOCTII ~ .. C IlOMOIUblO /2.7 / II /2.8/ 

1/k - /4/ 
y6en11TbCst, '!TO To)KnecTao 6bstHKH HaKnanblaaeT Ha Ko3cpcp11u11eHTbI v f 

. · rut 
.t' ·,., ,. 

ycnoa11e aHTHCIIMMeTpllll OTHOCHTenbHO HHneKCOB 
' I 

II "' 
/ /2.10/ 

vru/1 = - vur/1 . 
I ' I 

. B nanbHei!weM 6yneT yno6Hee nonb3oaaTbCSI cpopMyn11poaKoi! ypaaneHHli noaepxHOCTH /2.5/ . . ' . 
:J II -/2.6/ B opTO{'OHanbHOM P"'.!Ilepe, 'aaeneHHOM B npOCTpaHCTB~ V' 

I 

Bb16epeM B. npoCTpaHCTBC v, opTOt'OHanbHblli penep, COCTOS!IUHli 113 enHHll,,IHbIX BeK-;-
' . . . . ·,·. 

TOpoa C KOMHOHe~TaMH Ah/ -

'\ . '1 I { ah , h=k;. 
0 , hf.k; 

/2.11/ 

j, 

g X x,. 
II h,-- le • 

, ,_ 

a =-1; 
0 

a
1 
=1, j ~ 1,7,3, 

KoopmrnaTbI penepa B Sn onpenenstIOTc,st cnenyroru11M o6paaoM: 

a ~ a >. ; _y_..L_ = :"'_, ah 7/hl h/t 
J x' ' h= 0 . 

a _ aza I 

7/hl - a'2 Ah/; 

";,! a a I ah, h=k; 
,... c 71 71 - h.lk 

a=o a h/ 1r/_ - 0 , 'I' • 

. Baonsi onepau11,o n11tpcpepeHUHpoBaHHSl anonb HanpaaneHHII BeKTOpOB periepa 

at - >..' at 
ask - 1tl~ 

' . ,, ~ " 
\ iieTpyn°1i'o· irp_eo6paaoaaT'b ypaaHeHast /2,5F H/2.6/ K imny: 

a , n•t a 

_$.Y#J = I cµ "'8µ1rnµ/ 
J sir µ=o 

r-ne 

( /3 = 0,1 .•• n-1;) 
k =0,1,2,3;; 

6 

12.12/ 

/2.13/ 

/2. 14/ 

/·' 

w '= y = >. J: >.1 
mnk, · mnk , 1 mfl,I n/ Jc/ ( k, m, ,n ,;, O, 1, 2, 3 ) ; 

ymnk ·=-,yittnk 

11aaeCTHbie K03cpcp11UHeHTbl apaIU~HIISl, 11 

I I 
w =-w = -;\ >. b 
ahk hak h/ "I a/11 

"'ahk = "'akh 

w = >.' y. 
af31r 1t/ a8J1 

wa81r 
=-,w 

/3ak 

( a =.4 .. ; n-1 ) • 
n,k=·o, 1, 2,3 ' ' 

., ·.I. 

(a,8 =--4- •• n-l ) • 
k =:0,1,2,3 

• , Y cnoa11si" 11HTer-p11pyeMOCT11 npHHHMaroT cnenyroruyro cpop~y: 
1 

' . 

.,~-~ 
ask a Sh 

n•t 
I ,c'. (w w -,w 

u=o " u µh c,).k c,µk 
w 

UAh 
); 

. ' ~ .... 

'•·. /2.15/ 

\. ,,-
/2.16/ 

J.2.17/ 

; /2.18/ 

µ,X"" d.;;, n-1. 
0TM0THM, '!TO. npH 6~CKOHe'!HO. ManbIX CMeIUCHIISIX ds f .anonb HanpaaneHHll penepa pene_p-. . - . ·. I 
Hb1e .cocraam1roruHe aeKTOpa' nony'laJOT np11parueH11_ii J : ' 

8 B / ~- ½, ak -~ ~w . £ B 
1
· ds/ 

, . h •1r.f=o. , L _ hk . Jc , 

'- · /2.1-9/' 

8 nanbHei!UieM 6_ypeM o6oaHa'!aTb, HHneKCbl K03cpcpfruHeHTOB . 6J ~Bk naTHH~KHMH 6yKaa-

MII·; ecn11 OHH npHHHMaioT aaa'!eHHst O, 1,2,3, H r-p_eqecKHMH..: nnll 3Ha'!eHHll '4 ••• n -1._ : 

8 cnenytorueM paanenE; Mbl aailMeMCSl IlOCTpOeHHeM 3THX K03<pcpHUHeHTOB _B ,BHne 6HnHHei!-

Hb!X KOM6HHauHli CilHHOpOB npocTpaHCTaa· Sn. 
I' 

3. 0CHOBHbie r.e.aaaeHHll MonenH 

\ 

PaccM·o;pHM · n 

OnpenenHM ·B s 
n 

-MepHoe nc_eano3BKllll,UOBO npocTpaHCTBO s C MeTpHKOll /2.1 /. . , .. . . . . ' . . /3/ , n . . ' . . . 

CilHHOpbl -t/, H n MaTpHU y • KonH'!eCTBO KOMilOHeHT 
- a 

CilllHOpa, KOTopoe _paBHO TaK)Ke nopllnKy MaTpHU ya 'naeTCll li.31. '.llnH Ya cnpaa,ennH:-

ao cooTHOWeHiie iiHTHKOM_MyTauHH · 

2c , a= 8 ; . 
ya y 8 + YB' ya "' I O a, •~ :f- f3 • 

-~ 

:;, 
. /3,1/ 

Mb! 6yneM nonb30BaTbCSl npencTaaneHHeM 
.. . ,. ~ . 

-MaTpHu co cnenyroIUHMH CBOi!CTaaMH: Y-

Y+ =-y i y+=y (a=l.~.n-1). 
o o a a 

CortpsilKeHHblfi cnirnop 
' •- ... h,I 

onpenensteTCll XaK ·. : 

l ·: .... 

7 
; 

'· . 



:: ; 
''j 
!} 

;'. 

:I. 

- + 
t/, = t/, y /3.2/ 

- 0 

Bae.neM' M8Tp1IUbl {3a , KOTOpbie ocymecTBnlllOT 8KBHBaneHTHOe /3.1/ npe.ncTaBneHHe: 

f3 = :t r,B Ya 
a o af 

(a= 0,1 ••• n-1) ; 

2 ca a=)( 
f3a 'f3y + f3y _f3a = I O a,/ Y ,. 

/3.3/ 

I 

C IlOMOIUblO M8TPH1; {3a Mbl 6y.neM CTpOHTb K03cp<pHUHeHTbl W • PaccM_OTJ;IJIM CH8'1M8 

' eenH'l~Hy w ank KOTOpall B cuny /2.16/ H /2.7/ CBll38H8 C TeH30pOM KpHBH3Hbl noaepx-

HOCTH V 
4 

• Hau6onee ecTeCTBeHHO 6binO 6bl 38IlHC8Tb ,· 

w 
ank 

c J; f3 ( f3n f3 k + f3 k {3n) t/, 
a 

w 
ank 

B BH,ne; 

TeH30p icpHBH3Hb[ B 3TOM' cnyqae npHHHMSeT npoCTYIO cpopMy: 

C(x) ( g,,. gtf. - g,f g,,. ) • 

/3.4/ 

/4/ I - R,,,.f 
Tor.na, no TeopeMe Wypa C(x) .. const , H npocTpaHCTBO V 

4 
ecTb npocTp8HCTBO noc-

-TOllHHOlt Kpi!BH3Hbl. 3TOT peaynbTST llpOTHBOpe'IHT ycnOBHIO, cornacHO KOTOpOMY noaepXHOCTb 

v· .llOn»rn·a nepexo.nHTb .a nnocKOCTb .a.nll l x" - ,ck -l >>'- f, ecnu TonbKO KpHBH3Ha· V irn 
4 · 0 • 4 

paBHS Hyn10 BCIO.Zly. TaKHM o6paaoM, npe.ncTaaneHHe /3.4/ He ro.nH'ICll, H HY)KHO HaltTH Ka-

Koll:--To .npyroll BH.n .nns1 cpyHKUHH Wank • Bee.neM M8TpHuy Y , llBnlllOIUYIOCll 0606me11u-

eM 06bJ'IHOl! M8TpHUbl y .. • 8 onpeAen~HHH 3TOl! M8TpHUbl H~eeTCll npOH3BOn, H Mbl llOKa 
, \ s 
Il0Tpe6yeM, 'IT06bl .nnll nnocKoro .. llf>OCTpaHCTB8 BblllOnHllnHCb ycnoBHll: 

v ➔ ~i 13-·· f3 f3 f3 ; rr,2 ➔ u 
0 .1 2 3 /3.5/ 

; f3 + f3 y = fn ➔ 0 ( n = 0, 1, 2,3 J ; 
n n 

yf3 -{3 y =c/, ➔ o (a=4••· n-1). 
a a a 

B o6IUeM cnyqae HCKpi!BneHHOro npocTpSHCTBa ·- in H cf,a He paBHbl. B006_IUe roaopll, Hy-

n10. ·c'IHTSeM, '!TO B o6IUeM cnyqae: BbJ°IlonHll8TCll COOTHOIUeHHe 

=+ 
Y,Y 
,0, 

/3.6/ 
Yo. =_y 

HeKOTOpbie- .npyrue CBOi!CTBS M81:PHUbl ; 6y .nyT IlOCTynHp0B8Hbl' B .nanbHel!IUeM. 

Hcnonb3oBaHHe MSTpHUbl 
., I; 
y _llOMOraeT HenpOTHBOpe'IHBblM o6p830M y.noaneTBOpHTb 

yCl,IOBHIO o6pameHHll TeH30pa KpHBH3Hbl B Hynb HS 6eCKOHe'IHOCTH. ,Uel!CTBH'I'8IlbHO, 38MeHHM 

B J3.4/ t:f8TpHUbl 

_j 

{3 Ha MSTpHUbl 

Tor.na rin11 aHa'!eHHl! 

nnOCKOCTb, w 
ank 

a. . 

a = f3 .:t- {3a y - y f3g . 
a a ·- .r· 2 · 

13.71 

I xk - xkl»f 
. 0 • npH. KOTOpblX Il0B8pXHOCTb V4 _ .non:»rna nepe~O,tlHTb 'B 

H R,,,cf HC'l838IOT BCile.QCTBHe _/3,5/. TaKHM o6paaOM 1 ynoTpe6-

8 
' 

" 

neHHe M8TpHU a O OK83b1B88TCll 6onee 8CTeCTBel!HblM 1 ~eM ync>Tpe6ne111rn '" /JO 

.npe.nnono>KHM, '!TO ,ace MSTPHUbl {3·' (a_; o .•. n-1) 1 BCTp8'18IOIUHeCll b MO.nenH,' · 
. a 

.non)KHbl 6b!Tb aaMeHeHbl HS M8TpHUbl /3. 7 /. 

Tenepb Mb! MO)K8M Bb1IlHC8Tb Bb!p8)K8Hl~St .nnll K03cpq:>HuHeHTOB apaIUeH_Hll 

l.t.JatJ n ' (t) a mn , 
,w 

mnlr. 

w 
nmlt 

w amn 

ic
1 

t/, (~n ak_am-amalca;,) "1 

Cc ,ij ( a a a + a a a ) t/, 
2 namman 

"'apn =ic3t/, ( aa ana/3-af3an aa) t/, 

/3.8/ 

c 1 ,c 2 , c 3 

- 2 f .nel!CTBHTeilbHb(8 IlOCTOlll!Hble paaMepHOCTH 8 /3.8/ Mbl y'lllH .nel!CT'."' 

BHTenbHOCTb K03q:>q:>HUH8H~OB w • 3Ha'!el!Hll CilHHOpOB ,/, B3l1Tbl HS noaepxHOCTH V 
4 

PacCMOTpHM aonpoc 06 ypaaHeHHH, .KO;OPOMY .non)KHbl y.doaneTBOpl!Tb 3H8'18HHll CilHHO· 

pa t/, Ha noaepxHOCTH V, • npu onpe.neneHHH onepauHH KOBapuaHT_Horo .niicpcpepeHuH· 

, /5/ . . I 
p0B8HHll CilHHOpa BOCnOnb3yeMCll MeTO.QOM 1>oKa • Y'IHTb!BSll, '!TO B8IlH'IHHbl b · ,v , A 

. · , · Ull/ UT I<- · ; 

.non)KHbl 6bITb cooTBeTcTBeHHO TeHaopoM H aeKTopaMH B npocTpaHCTBe V , Mb! no;pe-. . . . - . - 4 

6yeM, 'IT06bl npH 6ecKOHe'IHO MBnblX nepeMeIUeHHllX -:lsf a.nonb HanpaaneHHll BeKTOpOB_ p~: 

nepa B V aenH'IHHa •t/, /3 t/, 
4 • n 

nonyqana npupameHH_ll! xapaKTepHbie .nn11 penepHblx·_ K03cpcpH 

UHeHTOB aeKTOpa /2.19/, a aenH'IHHbl J {Jt/, 
a 

t/,yt/, H, t/,,t/, OCT8Ban11Cb _HHB8pH81 

Hb!MH. TaicHM o6paaoM, nonyqaeM cne.ny10mue ycnoBH_ll: 

- 3 -· o t/, f3 n t/, = - l: . a,. a r ":.tr t/, f3,. i/J d s, 
k,T=o 

/3.9/, 

BJ;13,1, .. o ( a = •4 ••• n-1 ) ; 
a 

o'i,;,1, .. o.;,,1,~ o., 
npHpaIUeHHll COCTSBnlllOIUHX .cnHHOpOB l!MelOT ·au.n: 

3 . 
8t/,=l: a Ct/, ds 0 • 

f=o f f. . L 

/3.10/ 

B /3.9/ HY)KHO TSK)Ke 3H8Th npHpaIUeHHll M8TpHU 8· · f3 , y ·• TaK KaK npe.ncTaa-
n a • I I•',, 

· neHHll /3 (a=O ••• n• 1) B n106oll TO'!Ke X 3KBHBMeHTHbl, Mbl IlOTpe6yeM, 'IT06bl nonHbll 
~ - ,. ':; 'I . ' •~ 

np11pa1UeHHll 3THX M8TpHU ObinH paBHbl Hyn10. 

' 3 
d/3 ·=l: 

a.-~o 
'_iJ 8a dsk+ 88 
·as" 

3 

0 /3 =- ~ a . 
k=Q 

-2...fla. 
a s" 

g 

0, 
a 

13.lY 

d " s • 



neHne Ma-rpnu 
,,. t 

a 
0
• OK83bIB8eTCll , 6'onee ecTeCTBeHHblM 1 , 'leM , ync>Tpe6neH~e 3 /5 

,npe.ononO>KHM, 'ITO BC8 MaTpl_!Ubl. BCTpeqa10mne~S1 b Mo.oenn,',' 

JlOfl>KHbl 6b1Tb 3aMeH8Hbl Ha MaTpHUbl /3. 7 /. 

Tenepb Mbl 'MO>K8M BblUHCaTb Bblp8:lK8H~ll Jlflll KOacj:,qJHUl'mHTOB ,BpaIUeH,Hll 

, w 
Umn , "' mnk. 

"' nmk 

'"' amn 
Cc if ( a a a + a a a ) i/, 

a namman 

w a/Jn = i cs i/, ( a a a~ a 13 - a f3 a'n a a ) i/, 
' 2 

/3.8/ 

Jl8l!CTBHTenhHb18 UOCTOllHHbl8 pa3M8pHOCTH f B /3.8/ Mbl Y'IJIH Jlei!CT~ 

BHTeflbHOCTb Koacj:,cj:,nuneH~OB "' • 3naqeHHll CUHHO!)OB B3SlTbl Ha UOBepXHOCT~ 'V
4

. •' 

PaccMOTpHM Bonpoc 06 ypaBH8HHH,. KO;OPOMY JlOfl>KHbl y.ooaneTBOpSITb 3Ha'leHHll cnnHo-

v4 • npn onpe.oeneHnn onepaunn KoaapnaHTHOro .oncj:,cj:,epeHun-. 

' '/5/ . 
pa Ha noaepXHOCTH 

poBaHHll CIIHHOpa _BOCUOflb3)'eMCll MeT_OJlOM ¢oKa • Y<JHTbIBall, 'ITO BeUH'IHHbl 

.oon>KHbl 6b1Tb coo;raeTCTB~HHO. T8H3OpOM H BeKTOpaMH B npocTpaHCTJ:le V . 4 

6yeM, 'IT06bl npn 6eCKOHe'IHO ManblX nepeMeIU8HHllX .i,f ,a.oonb aanpaBneH~ll BeKTOpOB,.:P_e:-. 

nepa B f
4 

Be/lH'IHH8 •,/,_ {3n i/, nonyqana npnpaIU0HHll! XapaKTepH~l8 Jlflll penepHblX K03cj:,cj:,n-' 

uneHTOB BeKTopa /2.i9/, a BenH'IHHbl J', tfi"' t/,yt/, H, .,,,..,, OCTaBanncb·HHBap11aHT-

HblMH. TaKnM o6pa3oM, nonyqaeM cne11y10mne ycnoa11_S1: 

- 3 
. o ,t, f3 ,t, = - :£ Bk a r ":.a:r tb /3 t i/, 

n 1r,r =a 

(a a,4,,.n•J); 

npnpaIUeHHll COCTaBnllJOIUHX ,CUHHOpOB .l!MeJOT BHJl: , 

ds , /3.9/, 

/3;10/ 

B /3.9/ Hy>KHO TaK~e 3H8Tb np11pa1U8H!lll MaTpnu 
' \•''' 

13;, • •. /3 a • y .• TaK KaK 11~8JlCTaB-. 

3KBllBaneHTHhl, Mbl D?Tpe6yeM, 'IT06bl -~OflHble'. neHllll jJ (a,.;o; .. n~ 1) 11 n106ol! TO'IKe 
a 

J[ 

npnpameHnll 3THX MaTpllu 6btnH paBHbl Hyn10. 

. 3 
d /3 ·= :£ 

a .·Jc;=o. 

9. 

, .. 
0, 

/3.11/ 



( 

' .i (' :,_ 
· np11pameH11e MaTpHUbl onpeneu11M cuenyrom~-~ o6pa3oM: . . ,( 

y 

j 
, . . + 

u y = - I; a k ( y Ck+ ~ 
0 
C Ir y

0 
y _) ds k 

, r-o. . 

J,fa /3.9/; ./3. 10/, 13.i. II, 12. 14/ nouy,iaroTC!I COOTHOlU8Hll!I 
I . . • • 

+ . 
)' cf y {J + /3 C. :- I a Ir"' ~ /3 t l: "' • /3 =-l: ak w kf [J Ir. 
O o . n . n L , _k nk L k . a an L a k n 

I yo c~·yo 'f3a + 8a cf..:; ak"'a1rf f31c-l Waf3f 813 

·+ 

Yo cf~ + _cf = o 

·. / ,nocue.nH11e ypaBH8Hll!I U03BOU!IIOT onpen'euHTb· c.f 

0 

+ n•z • 3 

C =. ,- y · C y = 1/, l: l: . a w, 13 13 + 
. f . o f o er-;, n=o n an f a n 

n•l . 

¼:! w (3"8 JJ +ie'.A , . 
a,/3=,. a .' a . f3 ~ 

. /3;12/ 

13.13I 

/3.14/ 

/ _ penepHb[e COCTaBU!IIOlUHe np0113B0llbHOl'O nellCTBIIT8UbHOl'O B8KTOpa, no11aueH«·e 
. . . ,. " . '·. . . ·-- . " . ,' . '' /5/ 

Ko;i:opor-o MO)KHQ CBH3aTb C· B03M0)Kf:!QCTblO B!3eCTII 3UeKTpOMal'HIITHOe B3_~HMonellCTBl!e . · • 

· HTaK, Mbl ~npenen11u11, KOMUO_HeHTbl KOBap11aH.THOl1 npOll3BOnHoll. _cn11Hopa B _opTOl'OH8Ub

periepe: 

.-
t/,-·=_jlji_ +C ,A' 
\,k,. ask ~-1' k 

/3.15/ 

·;s ,=~-(/;Ck 
·" ·as ,. 

no aHauor-1111 C ypaaHeH11eM il11paK'a 6e3 MBCChl IIOCTyu11pyeM cuenyromee ypaBHeHHe nm1 cn11-

.Hopa. ,t/J· 

t ak ak'kk 
a· :!. akakl-'1\+,C"t/, . O·. 13.l~I 

k=o . k • a S 

, 3TO ypaBHeHHe, MO)KHQ CcpOpMyUHpOBaTb II B 'npOH3B0UbHOli CIICTeMe KOopn11HaT
0 . . . . . 

_'. B ~aHHol! p~6oTe. MhI 11~no'ub3:,-eM ypaaHeH11e /3. 16/ nu11 11ccuen?aa111rn _aonpoca o 

/ao3MO)KHOCTH no11auiH11111 ·3q:,cj:,eKTHBHOl'O '18Th1pexcj:,epMHOHHOl'O a3a11MonellcTa1111, Moneu11pyro-
, · xi · ··· · · ' · · · . • . , 

~er-6 cua6b1e B3a11Monel1cTBl1'11 •. Hau'11q11e '!eTb!pexcj:,epMIIOHHOl'O B3aHMonel!CTBll!I B /3.16/ 

0'1eB11_nHc_>. ilu11 TOl'O,' .'IT06b! peWl!Tb, MQ)KeT UH /3. 16/ _naTb '!TO-TO UOXO)Kee '·Ha pea_UbHbl~ 

. . < 
a~a111,1onellcTB1111 ~enToHoa, 11a11p11Mep, ·Ha a3a11MonellcTa11e, 06ycuaau11aarow,ec pacnan 
•, ., ,, µ -

nepellneM K KB83H3BKJitinOBOMy np116UH)KeH1110, T,e. f5yneM :c'IHTBTb npOCTpaHCT-
' . ~ 

·ao' UUOCKHM. n 'ynep)Kl!BaTb B ypaBHeHllll UHWb :'IUeHbl HH3Wer-o ,nop11nKa no KOHCTaHTaM 

. I B -··. . ' il ' . '\ 

.• X onpoc O B03MOMHOCTH HHTepnpeTaUHII H3MeHeHH!I ypaBHeHH!I 11paKa B pHMaHOBOM 

I npo<:Tpa_HCTBJ6~ TO_'IKH 3p~Hll!I UO!IBUeHll!I 3q:J<pe~TIIB~Ol'O .B38HMoneliCTBll!I paCCMaTpnBaUCH, 
Ha_npnMep,. a 

'' I 
10 

; 

C , 
. I 

no nocTpoeHIIIO .K03q:Jcp11U118HTbl c., ,I, 
nmk 

n/JOCKOMY npocTpaHCTBY, '!TO CB!l3aHO. C. HBUl!'llleM 

, ·"' .:Zmn. IIC'l83al0Ti _nPH;, nepexone, ·K 

a· HHX H·ecKOUbKIIX MHOMHTeuell a11na . ,. 

1 t.. y , pa3neueHHb!X M8Tp11UljMH. y CuenoaaTeUbHO,B 3TOM np116UH)KeH1111 nouyqa: 
n 

I 
eTC!I ypaaHeHH8 

i :f. a y ( l+y) .L!i!.. + 
n=o n n -. a X n -

13.11/ 

C 3 n•J ,. , , =:: =ii 

+ 4 n;o a,~>;4' an Ya Yf3 Yn( lt._y) VI t/, ( ya y/3- Y13Ya} yn ( 1:!;Y} 1/1 =0. 

B ypaBHeHHe /3.17/ ace'. CUIIHOphl, Ha KOTOphle pacnanaeTC!I llpll "' Ix" - x"I »f, axon11T · 
. a ... 

Ul!Wb neyM!I KOMUOHeHTaMH. TilK KaK B MO!leUH Macca OTCYTCTByeT,3TO 3KBHBaU8HTHO. 06hl'I-

Holl Teop1111. 

4. Kaa3H3BKUHnoao n_e116m{)KeH11e 

PaccMoTpHM,· K KaKoMy B3aHMonellcTBIIIO np110on11T ypaaHeH11e /3. l 7 /' a KBa3H3BKu11no-..,. . 
BOM nplf6UH)K8Hlllf. 8h16epeM p83M8pHOCTb npoCTpaHCTBa s·n , n = 9, TaK KaK 3TO 

MaKCHM8UbHa11 p83MepHOCTb npocTp8HCTBa, cn111iopbl KOTOpOl'O pacnanaroic11 Ha qeTh1pe qe-
' . . . . /3/ 

Tblp8XKOMUOH8HTHblX cn11Hopa •. MaTpllUbl ya onpeneu1110TC!I CTaHnapTHblM M8TOnOM /cM, 

npHUO)K8HHe/. 

OqeBll.llHO, '!TO ypaBHeH11e /3, 17 / .nouyqaeTCH 113 Teop1111 C uar-paH)KHaHOM' B3aHMOnell

x/ 
CTBll!I 

I, C ,.. ' . '" . ' ,.. '" , /4~!/ =
1
-
6 

}: 8 n.l/J (y y
13

-,yf3y· }y ( l+y) 1/J t/, (y r
13
-r

13
r )y(l+y} 1/J. 

Int a,/3,~.· a , a n a _ a n 

Tenepb nOCMOTpHM, KaK MO)KHO BB8CTH 3U<;KTpOMal'HIITH08 B3aHMOnellcT'311e B Moneuu~noub· 

3Y!ICb HeonH03Ha'IHOCTblO B /3.14/, MO)KHO nouy_'IIITb_· HUH '18Tblpe":3ap11.)KeHHbie· ,'!ac:rnuhI, .11/Jlf 

'18Tblpe H8llTpalibHhie._ Y:_T06bl l!MeTb B03M0)KH0CTb OUl!CblBaTb nae 3apH)KeHHble' qacTHUbl II 

nae HellTpanbHble, HY)KHO onpeneuHTb_ aCHMIITOTH'!eCKII nuar-oHanbHyro MaTp11uy, KOTopaH 

npoeKT11pyeT CUHHOp 

Hanp11Mep, MaTp11ua 

C UOMOlllblO MaTpllUbl 

K03cpcpUUH~HTbl c., /3 
a n 

"' Ha naa 'leTblpeXKOMUOH8HTHblX CUHHOpa. 3TH CBOl!CTBa HMeeT, 

E = ½ ( l t,i /3
6

/3
1

) /4.2/ 

E MO)KHO 3anaTb 3UeKTpOMal'HHTHoe 113a11Monel!cnrne, ecu11 ace 

y KOTOpblX XOT!I 6hl O~HH. 11Hne~c paae~· 6 HUii 7, paBH~I Hymo. Tor-

na E KOMMYTHpyeT co _aceMH .MaTp11uaM11 B Moneu11, II, UOUb3Y!ICb HeonH03Ha'!HO~TblO B '•. 

/3.14/, MO)KHO BB9CTII 3neKTpOMal'HIITHOe a3a11Monel1CTBH8 cuenyIOIUIIM o6pa30M: 

r-ne C 
" 

c" = c; +; e E·A" ; 

'IU8H, CBH3aHHblll C '!eTwpexq:,epMHOHHblM B3aHMOnellCTBHeM •. 

· xi 
3 

.. 
necb Mbl Bb16pau11 3HaK + B /3~7 /. 

11 

;4;31 

.: 



I_ 
l-1TaK, 6yneM cyMMHp0BSTb B /4.1/•no HHlleKCSM a , -13 = 4,5,8. Bocnonb30BSBWHCb -

'· ' ' ·-- ' .1 . ~ 

llBHblMH BblP?)KeHUllMH llllll MSTpnu -y /cM. npuno)Kemrn/_- u pa3narall cnu11op "1- . aa a - - . - -·,--. 
'leTblpeXK0MU0HeHTHble 'CUHH0pbl U I u , u u -, nony'IHM BMeCT0 /4.1/: 

2 3 4 . . 

· L;~, = -::c 
3 

l(u
1 

u
3 

ii
4

u
2 

+ ii
2 

u ,ii, u
1

) +½(a; u
1

, '½u
3 

+ ii
2

u
2

tT
4

u
4 
+ 

' + ~ u1 ii_; iz2 + '½u3 u: u4 - -"JUI u4 u4'- ii_; u2 u3 u3 )_+ /4.4/ 

) 
+ ¼ ( fi1 u1 fi1 u1 _+ u~u 2 u; u2 + ii, u3 ~u3+ ~ u, ¾u,· fl 

rne 
3 - , , - , 

u, u, u1cur= I anulyn(J+ys) u,u1ryJ(l+y5},-_uf;. 
n=o · .., · ·!l 

3HSKS 'B y y~ __ : - O0bl'IHbie' MSTpHUbl 'leTbipexMepnoro npOCTpaHCTBS. O 38BHCHM0CTH OT 
··- n' 5' , '' 

_-:• /4.3/ 38pl!)KeHHblM 'ISCTHUSM. C00TBeTCTBYIOT CUH!IOpbl / -- U1 u I unu / 
2 

u
3 

, u~ -I. 

nepBble LIBS qneua B /4.4_/ C00TBeTCTBYIOT B38HMOllei!c'TBHIO, 0llHCblBSIOWeMy pacnan µ 

Me3oua a V -A aapuauTe. Ecnu ue TpeooaaTb B03MO)KH0CTH a'BecTn aneKTpoMaruuTaoe 
' • • - ' •• ' • I 

B38HM0Liei!CTBHe " cyMMHp0BSTb no BC::eM 3Ha'le_HHllM a . " f3 B /4.1/, 'TO TSKne- 'pac-
. ., /' -· -· . " 

- USllHble' -qneHbl C0KpamaroTCll. TTponon~all nanee' a_uanoruro -MOllE!Illl'C nei!CTBUTellbH0CTblO, 

M0)KH0 C0ll0CTSBIITb CUUH0pbl 'U i neriTOH_aM,, HanpuM~p, cnellyIOlllllM Oop83-0M: 

u - aneKTpoa, 
, l 

u
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- µ · -- Me3ou, 

u3 - aneKTpou'uoe uei!Tpnno, 

_u,--. u_-·..; MEl30H~oe ueil;rpuiio •. 

·no~qepKHeM, -,'1:0 B onpeneneHHII ypaaneiml! /3.16/ UMeeTCll' np0H3B0il. B 'ISCTH0CTH ,_-M0)K-_ 

110 0blllO Obi nocTynupOBSTb BMeCT0 /3.16/ ypaaneuue . . , ' 
.,_ :·1,. 

-i. alt {Jlc ~k = 0. /4.5/ 
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OcaO,Bllble pe3yllbTSTbI, a HMeuuo, uanH.'IHe, qe_Tbipex¢epMHOHHOro B38HM0LieilcTBHll,, B TOM 

. ,-mcne ·_ 11- 'pacnanuoro,' u·ecoxpaneau~ qeTuocT11 _ 11 B03M0)KH0CTb_ aneKTp0MaruuTuoro 53auMo-

neilc-TBHll a s)T0M cny,iae .ocTaroTcll. OnuaKo V --A--aapnaHT ne nonyqaeTcll. /- ·, 

5£ 3 a K n 10 q~ ·u n- e 
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B paooTe pacCM0Tpeua-M0llellb C ueaBKilllll0B0i! reoMeTpneA B MSil0M, K0T0pal!-npu ue-

", - - - - - - . . . -\ ' - ' - - - ' - . - -, - - . 
K0T0pbIX ll0U0'.1HIITenbHblX; npennonomeHUllX 'M0)KeT llSTb · -onucaa11e cnaoblX. H aneKTp0ll,!Sl'HHT-

H~IX' aaaiiMonelicTanil nenTonoa. B MOLI~nu o-i-cyTcTayei Macca. Mo)KHO nanel!TbCll, qTo 
.- .. - . . ' . . / 

Macca_ -3~PS!)KeHHblX 'ISCTHU nony'IHTCll. caMocornacoBaHHbIM _ ~6pa30M 38 C'leT B38HMOL1el1CTBHll·. .. 
-YKS)KeM B0llp0Cbl, K0T0pble 0YllYT paccMSTpHBSTbCll npH llSilbHei!WeM· H_3y'leHHH M0lle-

. I .. , • l 

nu. Bo'-nepBblX, ST0 Bonpoc 0 C0BMeCTH0CTII CHCTeM-bl ypaBHEltlHi!, .onpenenl!IO!lleil M0llellb1 

3aTeM; -;;.T·o· aonpoc o aann'IHH pacxon11MocT~il a' ~onenu;· ~0Topb1il, no~a~nu~,rn~;, 6;neT , .. '- ., . . . -

CB>I38H TUK)Ke H C npo6neM0il KBSHT0BBHHll cnuaopaoro non>I t/, .- Bo3MO)KHO;- np11 ST0M .-

12. 

no11y'laTCll, .nonon11uTen~111,ie ycnoBHll, qJHKCHpyromue llBHblil Bllll_ MS!PIIUbl_ y f 

I ,. , •• .. • • - ! .· / \ • , ._ . , ~,. 
B 3 aKmoqeuue aaTop BbIpa)KaeT rnyooKyro 6naronapuocTb H_.H; Eoronroo?BY'.-·c.c.rep 

wTeilay, B.r~ KaLib(WeB~KOMY, A.A. ,nory,~oay; B.1-1~ OrueaeuKoMy, ".'--H~ Taaxe~Hll3~,

A.T. ct>umrnnoay, O.A. XpycTaneay :3a MII0r0'IHCileHHble ·_H nnonoTB0pHbl_e 06cy»<
0

L1eHHll. •. 
TT£uno)KeHH_~ 
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TTpnaeneM ··3necb l!BHble BbIpa)Keaull nnll MSTpnu y npocTpaHCTBa neal!TH H3Me- · . ., , . a . 
\' \ . ' . 

peunit. TTpouyMepyeM K0MU0HeHTbl cnuuopa t/, • a -_TSK)Ke CTOil_0Ubl " CTp0KH MSTpnu B 
/3/ , 

cnenyromeM nopllllKe /0603aaqeuull KHuru /:. 

0, 12, 13, 14, 23, · 24, 34! 1234, 1, 2, 3, _4, 123, 124, 134, 234, Torna 

· o 1 I 
Yo= I_[ 0 

v =Io .,, I 
a Ka O a , 

a= 1,2,3,4,5,6,7; 

· 1 ..: ennHH'IHSll M:STpuua. 8 x 8 
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10000000 

, -0000-1000 
K ,.; . 00000=100 
_J . 00-100000 
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00000001 
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. 00100000 
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, K =; -10000000 
·, 000000-10 

0-1000006 
0000000-1 
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01000000 
-10000000 

0000-1000 --
00000-100 
00100000 
00010000 
00000001 -

-000000-10 

00100000 
00001000 
10000000 
000000-10 
CJ:000000 
0000000-1 
000-10000 
00000-100 
00010000 
00000100 
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10000000 
00000001 
01000000 
'00100000 
00001000 

·-✓ 

., 

y = 110 
. I O -1 

K = , 

K =i 
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10000000 
0-1000000 
00-100000 
000-10000 
00001000 
00000100 . 
00000010. 
0000000-:-1 

00010000 
00000100 
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-10000000 
00000001 
0-1000000 

-00-100000 
'0000-:-1000 

TTpu npeo6pS30B8HHllX B .nn0CK0CTH s' cnuaop 

cnenyrolllHM Oop830M: 

t/, pacnanaeTcsi: ua cnuaopbI ' u ,-

u1 = /0; 12, 1, 2/;-

~ =/13, 23, 3, 123/; 
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= /14,24, 4, 124/; 
{' 

I u, = /34, 1234, 134, . 234/. 

' 

(/' 
13 



// 

·1 ~ 

n H,T e p a'T· y pa 

l. M~c; ·Wanupo. Yct>H, .fil' ;'·313 il957/. 

2~ s;r,'KaAbIWeBCKHli, .UAH CCCP, 138, 70 /1981/; )K3Tct>, 11.;_1885 /1961/. / 

:_3. 3. KapTaH, Teop1rn CilHHOpOB, Mn., 1947._ 

4.- n,n, 3liaeHxll.pT, PHM81I0B8 reOM~;-pHSI, Mn,, 1948, 

5,'. B,A. ct>oK, Zeitschr. f. Physik , 57· , 281 ./ 1929/, CM, 'TBK>Ke .A.n; KoTenhHHKoa, 
B.-A. '¢oK, HeKOTOpbie npHMe_H0Hlfll Hael! no6aqeaCKOl'O n MexaHHKe Ii 'qJH3HKe, 
rMTTn, .M-n •• I 950. 

8. U.S.Green. Nucl. Phy',,,, 7, 373'(19S81. 

PyKonttcb nocTynHna a ·Haa·a-ienhCKHi! OTaen 
. 15 aarycTa 1983 I', 

-~-- --·-----


