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A H H 0 T 8 u H R 

noK838Hbl CBOliCTB8 8MllnHTy .ll pO:>K,lleHHR ]'(, -Me30H8 H8 HyKnOHe OT Hel%TpHH0 0 

H8llHC 8 Hbl O.llHOMepHbie ,llHCnepCHOHHbie COOTHOWeHHR ,llnH 8THX 8MITnHTy.U H nony'leHbl 

peweHHR HHTerpanbHbiX ypaaHeHHI% B npe.anono:>KeHHH 0 npeo6n8,ll8HHH p e30H8HCHOH 

p -aonHbl ( 33) H C npeHe6pe:>Kel!HeM BKn8.Q8 .apyrHX BOn!! B MHHMbie '1 8 CTH aM

nnHTY.ll• CpaaHeHHe nony'leHHbiX pe3ynbT8TOb c aKcnepHMeHTOM no3BOnHeT npoaepHTb 

rHITOTe3bl V -A TeOpHH cna6oro B38HMO,llel%CTBHR, 



Cpenu 3KcnepHMSHTa nbHhl x Hccn e noaaHHfi no cna6oMy B38HMoneiicTBH!O onhl T hl 

C HSiiTpHHO npellCT8BnH!OT 6 o nbWOA KHT e pec, fiOCKOnbKY HSiiTpHHO He y'i8 C TByeT HpllMO 

a cunbHOM 11 aneKTpoM arHHTHOM B38HMoneficTBHHx. Bo3MO)J{HOCTH onbiTOB c HeiirpHHO 

I ll -;:-
o6cy*nanHcb ao MHorHx pa6orax (eM,, H an pHMep, ). Ce'-!eHHH po:>Kn eHHH J'-' - Me3o·-

/2/ 
Ha Ha HyKnoHe OT HeiiTpHHO oueHHBanHCb A3HMOBbiM H WexTepoM , B a acT05lWeti 

p a 6oTe aM HnHTYLl b i npoueccoa 

_., 

_.., 

-) 

H 

t + 

e.++ 

_+ 
}L 

TLO 
I 

+ 
-+ TL 

JLO 

+ e. + ~ + Tt 

( 1 ) 

(2) 

( 3) 

I 
( 4) 

(5) 

(6) 

np11 M.:lnbiX 3H e prHHX onpenenll!OTCH C flOMOUlb!O LlHCilepCI'!OHHbiX COOTHOUleHHH, . 

1. MaTpW'iHbie aneMeHTbi 

KaK w3aecTao , V-A 6 u / 3/ 6 
TeOpi'!H cn a Oro B38HMOLleHCTBHH ycneWHO 0 bHCHHn a 

3KCnep11MeHTllnbHbiS Ll 8 HH b ie 110 ~ -pa cnany, pacnany 

Me3oHa. C o rnacao aroti TeopHH 1 narpaH)I<fiaH cna6oro B38HMoneiicranH IIMee T BHLl 

Vi ~ .. Jr + ' ( 7) 

~~r1 .. (~+f,- )e + -~.'""i(.r(~+f;)r 
1 

COXpi.iHH!O u.te-

. ·v . A 
rne J,.- CyMM.:l nef!TOHHb iX TOKOB 

r o CTpLIHHOCTb TOK <l CHnbHO B38HMOL1 8 HCTBY!O tJl i1X '-WCTHU Jl :::. -'\ ~ ,{ U Hecox pa-. 1r .1. 1 ~ 
Hs:!IOWero CTp8HHOCTb TOK8 CHnbHO B38l!IMOLlertcTBY!OWI!IX 'i8CTI!IU j' _ -s"V .1. .J ,npH 'ieM a q K-. r - r T 

111" 
TOpH8s:! 'i8CT!!..JOK8 jr HBns:teTCil 1!130TOfllf'ieCKOH KOMHOHeHTHOil COXp8HilKlUlerOCil 

H30BeKTOpa vr , TpeTbSl KOMflOHeHT8 KOTOporo nporropUHOH8nbH8 H30BeKTOpHOMy 

aneKTpOMat~HifTHOMy TOKY CHnbHO B38HMOLleikTBYIOUlHX 'i 8CTHU , 
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~ _.., lc- ....--4 v . -_., r..t . n + T r -a -o ) r=-4 Nt:Y. + .. ri. \- ~- "+-- . Vi r <>~r oxi' f 

N • ( ~) 1 il • ( ~J I 

· \1 vi .. "" + " t tr= r~:vr Jr ~ vr- L. vr I 

npH npeHe6pe)KeHHH acpcpeKT8MH CTp8HHblX '18CTHU 8KCH8n~aR 

)Ke HBnHeTCR H30TOITH'IeCKOA KOMITOHeHTOA H30BeKTopa A r _.., -
A :: _i__ N' z:~Y Y, N 

r fi r ' 
. 1- ~ t ·A+ !. t 

0 r ,._ A r -t L. A r' I ~r ~ A -(A r r 
. 

H IT09TOMY TOK ~ r T8K)Ke HMeeT yKaaaHHoe CBOACTBO: 

-l T ~ ·+ -~ I ( 
rr ~ Ir + l - 1'A ~r 

:: lr- i r I 

'18CTb TOK8 

( 8) 

( 9) 

1r TaK-

( 10) 

( 11) 

( 12) 

npH'IeM 

c( 
~r-H30BeKTOp. 3aMeTHM 1 'ITO ITOCne.oHee yTBep)K .Qe HHe HMeeT MeCTO H B 

' /4/ 
CHMMeTpH'IHOA TeOpHH CO CK8nRpHbiM Me30HOM b renn-MaHH.9 • V-A-

Cor naCHO COOTHOWeHHRM ( 7) H ( 12) 
1 

M8TpH'IHbi e aneMeHTbl npoueCCOB ( 1 ) - ( 6) 

HMeiOT BH.ll 

M.t-~ = ~G "-.e.Yr(H~-)ltv (KN\1~-t~T;(,v) 
~ r ' 
6 - , ~ . ~ 

M
14
_,,. t ~ "'-~Yrl~"'rr}ou~ (Tt N Ir -l Ir ( "> . (13) Vi . 
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Bw 4 11CneHHe ce'!eHI1A paccMaTp11saeMw x npouecc o s TpeoyeT 11ccne.aosaH11SI MaTp11'iHWX 

3Jl e MeHTOB ( ii: IV \ l ~ I{\/} TOKa I;· Me*.OY cocTOSIHI1eM o.aHoro HyKnoHa 11 cocToH

HI1eM CI1CTeM bl j\. )\) • 

BeKTOpHaSI 'laCTb yKa3aHHbiX MaTp11'1HbiX ::JneMeHTOB TaK)Ke sxo.a11T s MaTp11'iHbie 

3rieMeHTbl cPOTOp0)K.QeHI1SI 11 3rieKTpOpO.X<.QeHI1SI 7L -Me30Ha Ha HyKriOHe. ¢OTOp0)K .Qe 

/ 5-7/ 
H11e np11 Manwx 3Hepr11SIX 6wno 11ccne.aosaHo so MHor11x paooTax (eM., Hanp11Mep, ). 

/8/ 
A.M . Ean.a11H noKa3an, 'iTO aMnnHTY .Obi cjJoTopO )K.QeHHSI, nony<IeHHbie c noMOll.\bKl 

.011C11epC110HHblX COOTHOll.\eHI1H np11 npeHe6pe)KeHI111 Bb!COKI1MH BOriH8MI1, COrnaCyKlTCSI 

c BKcnep11MeHTOM B o6nacTI1 yrnos 11 9Hepr11ii, .anSI KOTopoii HeHa6nKl.aaeMaH o6nacTb 

l) /9 10/ 
B .OI1cnepcHOHHblx 11HTe rpanax Mana • B pa6oTax • ::JneKTPOP0*.08HI1e 1(. - M e3o -

Ha Ha HYKriOHe paCCMaTp11BaeTCSI KaK p0)K.08HI1e JL - Me30Ha B11pTyanbHb!M cPOTOHOM -

B11pTyanbHoe cpoTopo*.neHHe. Oco6eHHOCTI1 no 11Mnynhcy nepe.aa'lH aneKTpoHa '!8CTlf'iHO 

y'ii1TbiBaKlTCSI sse.aeHI1eM ::JneKTpoMarHHTHbiX cjJopMcjJaKTopos HyKnoH a 11 1l -Me3oH a . 

B H iJCTOSill.\eH p a 6oTe Hei1TpHHHoe pO)K.QeHH e 1L -Me3oHa Ha HyKnoHe p accMaTp11e a eTc SI 

aHanorl1'iHO, Oco6eHHOCTI1 no nepe.aa'le 11Mnynbca nenTOHOB T a K *e y'ii1TbiBaKlTCSI ee e.ae

HI1 e M Hei1TpHHHblX cjJopMcPBKTopoB HyKnOHOB 11 1L - Me3oHa. 3 aMeniM , 'iTO ncee.aocKanSip-

HaSI 'i8CTb M 1lTpll 'iHb iX 9rieM eH T OB HMeeT noriKlC, COOTBeTCTBYKllllHH .011 arpaMMe H a p Hc,l, 

HO BKri8.0bl 9T0r'O HOriKlCB, T8K )K e KaK nceB.QOCKanSipHOr'O ::JcjJcjJeKTHBHOr'O Heli:TpHHHOr'O 

cjJopMcjJaKTOpa HYKriOHa
1 

O'ieHb Maribl 113 -3a MariOC TI1 MaCCbl 3rieKTpOHa, np11 HyneB OH 

Macce ane KTpoH a BTI1 BKna.aw paBHhl HynKl. B .aanbHeiiw eM npe.anono*I1M, 'ITO Mac-

ca 9JleKTpOH8 paBH8 HyriKl H KaK yK 8 38HHblH nOriKlC, T8K H nceB.QOCK8riS!pH b!H 3cPcPeKTI1B

Hb!H HeHTp11HHbll cjJOpMcP8KTOp He .OaJOT BKna.aa. 

Bee.aeM cne.ayKlll.\11e o6o3Ha'leH11SI: -k~, -kL 11 ~ - 'ieTbipexMepHbi8 11MnynhC b i 

Heiilp11HO (11nl1 8HTHHeli:Tp11HO) , 9rieKTpOH8 (11nl1 n0311TpOHa) 11 1 -Me30H a , COOTB e T- · 

CTBeHHO, ,,._ li tl. - 'ie Tb!pexMepHb!e 11MTIYribCbl 

cocToHHI1Hx, cooTBeTCTBeHHo , 1? , t 1 -t tt .-k ~ -k-i. _ ~.t , M 11 n1- - Maccbi 

a ~ ~ 4 
HyKriOH8 11 i\. -Me30H8 11 -yron Me)K.Qy HMHY11bC8M11 1'\, 11 " B CI1CTeMe UeHTpa 

Mace CHCTeMbi 1\ N. CKanHpHbie aMnni1TY.O bi 38BI1CSIT oT Tpex 11HBap11aHTHbiX He3aBI1cH-

HYKriOH a B H8'iaribHOM 11 KOH e 'iHOM 

Mb!X nepeMeHHbiX: 

l ) 
Cor nacHo nocne.aHHM pe3yn bTaTaM Ean.a11Ha ( 'i a CTHoe coo6meHI1e) 

1 
Tll.\aTenb-

HbiH y'ieT BKna.aa pe3oHaHCHoil P-eonH·br ( 33) T8.K)Ke .aaeT aMnni1TY .Obi cjJoTopo*.aeHHSI ,-..o 
jl - Me30H81 COrnaCyKlll.\HeCSI C 9KCn e pHMeHTOM B HeKOTOpb!X .0pyr11x 00118CTSIX . 
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6' - -n.~ (£.') r ~ r r = - \ -p., ..J ::: - _r_r 
I M 

-~ 
M ( 14) 
4(V~=~~~ 

.tM .2-M 

npea.nonO)KHM, 'iTO 9TH 8MnnHTy.O.hl y.O.OBneTBOpSI!OT .O.HCnepCHOHHhiM COOTHOWeHHSIM 

6e3 B hl 'iHTAHHSI no nepeMeHHO~ ~ npH ~HKCHpoBaHHhlX ocTanbHhlX nepeMeHHhlX. K aK 

H B cnyqae ~OTOpO)K.[leHHSI, B o6n8CTH 9HeprHH H yrnOB 1 y .O.OBll,eTBOpSIIOWHX COOT HOwe-

HHIO 

CASe .... - ~o ~ ~ _ V..o"'•t· If\ 
( 15) 

,~,,~~\ 

0 c 
r.ne -fin.or.- noporoBoe 3 Ha'ieHne --l npH a.aHHOM 6 , .o.HcnepcHOHHhie HHTerpanhi 

He CO.O.ep)K8T HeHa6niO.o.aeM:>~ o6naCTHo .llnSI M8nbiX 9HeprHH H COOTBeTCTByiOWWX 

yrnOB, y .O.OBneTBOpSIIOWHX ( 15) 1 pe30H8HCH8SI £ -BonH a ( 33) a.aeT CyWeCT BeHHhiH 

BKna.o. B MHHMYIO 'i8CTb 8MnnHTy.O. H B03M0)KH0 npeHe6pe)KeHHe BKn a.o.OM .O.pyrHX 

BOnH. CornacHe -ieopHH c sKcnepHMeHTOM no ~OTOPO*.O.eHHIO B yKa3aHHOi!: o6n i:!CTH 

9HeprH~ H yrnOB n03BOnSieT H8M Ha.[leSITbCSI, 'iTO nony'ieHHbie B H8CTOSIW~H pa6oT~ 

pe3ynhT8Thi T8K)Ke cnpaBe.o.nWBhi B sToi!: o6nacTH. Onpe.o.eneHHe aMnnHTY.O. B .o.pyrHx 

o6naCTSIX Tpe6yeT H8.[le)K H0f'O 3H8HHSI npH'iHH paCXO )K.[leHH SI TeOpHH H 9KCITepHMeH T 8 

no ~OTOp0)K.[leHHI0 1 qero ITOK8 ewe HeT. 

ll. CBoi!:cTBa aMnnHTy.o. 

qepe3 

.llnSI COKpaweHHSI 38ITHCH 0603H8'il4 M ~ ({:C rr ( ~ -t (f).({ { HnH 

£.r . Macca sneKTpOH8 C'iHTaeTCSI p8BHO~ HyniO. npw 9TOM 

\t.~) z (£r~r) =- o ( 16) 

i ~ r
1

(1+r,) tl( 

nonO)KHM 

f.r \Ttr N~ \ I~ t r·() 'f; '"'t 'f"' 1.(,4 , (t7) 

rae 'fr 1 '\.(,1.. H \lt - BOnHOBbie ~yHKUHH Me30H8 H HyKnO~OB B HaqanbHOM H 

KOHe'iHOM cocTOSIHHSix cooTBeTcTBeHHo. KaK 6wno yKa3aHo, lr SIBnHeTcSI H3oBeKTo

poM. nosTOMY H30TOnH'ieCK8SI CTpyKTypa Tf"' aHanorHqHa H30TOnHqeCKOfi CTPYKType 

8MITnHTY .0. ynpyroro paCCeSIHHH 1L -Me30H8 H8 iiyKnOHe; 
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( 18) 

~3 co o 6pa>KeHHH HHB8pH8HTHOCTH
1

ypaBHeHHH LlHpaKa LWH HyKJIOHa H COOTHOWeHHS! ( 16) 

cne.uyeT, 'ITO 'i\t) HMeeT BH.U 

t ( \f ~ ± J rs + A·~ .y T: I~±) ~ 

l ::. • 

r.ue 

'f c~r) (-' (-) 
t "" 

'1-l, :c£r)(-kr) ( -T ) (-) 
~ J 

T = ( (t~) I 
(-) ( + ) 

!J 
( 19) 

Ttr ~ .ll (E f) \ +) (-) 

1,. :: (£~) ( tr) (-) (-) 

T, = ~ (t:f) ( ~r) l+ ) ( + ) 

CKaJIS!pHb i e He3 aBHCiiMbte aMnllWi'Y.clbl v(:) H A~±)· paccMaTpHBaeMbie KaK cpyHKL{I!H 

6 t V H "s t HMeJOT o npe.ueJieHHbie CBOHCTBa nepeKpeCTHOH CHMMeTpHH: 3HaKH 

Ct) B ( 19) y K 83hiBaJOT '! e THOCTH 8TH X a MnJIHTy .u no OTHoweHHJO K 3.aMeHe . G ~"> 6 ,. 

v-.,-~ H ~&-"> 'Vp, •. npH'!eM nepB biH CTOJI6eu OTHOCI!TCS! K v;t),BTOpOH - KA(+}• 

a aMflllHTy .Ubi vl~) H A(-) I!MeJOT o6paTHbie qeTHOCTH. B CliCTeMe ueHTpa M a ce CHc

TeMbl 1l N B b tpax<eHHe ii~ T(:t) U.:4 T B KX<e MO }KeT 6biTb HanHcaHo B BH.Ue 

'\.4-t T(t) u,~ = ~A: ~l±) X~ (20) 

r.u e J..-i 11 }. ,t - .UByXKOMfiOHe HTHbi e Cfl i!HOpb l H 



~~~ -
10 !. -

"' {:, \ ~ 
\1 

t, s :: 

8 

" ' . 
~t•J, t. ( v;.1 ra'~. dl;t•l ra:) 

1 

(t"'~. )(G? t\~) ~v ~ ( t'~\ ) l ~;:, ) 
I t I " (-_.., _..,_.., ) __.,_., _,_., t, G, 

( l ,., ) ( (; "1 ) C, It ~ t. ) (. J. ' 
I • 

~t' 6'') 
1 

b ~ ~ \G.,.~: ) ("t (t) ( {i~ ) 1 

" v (_.,4 ) (, . .,_ ~ . G tt,~ 
4 ~ I 

_, -5> 

_., 
t\.1.. -:! 

-{l 

\~\ 
~ 

~ --;> -

1\~ ~ \~7\ 

( 21) 

(22) 

CKanHpH b ie aMnmiTYLl bl v~._:, H A ~:t' CBH38Hbl c aMnm!Ty.n a MH 

.. ll_" 
v(t\ ll J\..t(!,C OO TH O W e -

HHHMH 

V L =- \_w -T M) u- !!- + ( w - M) "'"' 

<,\N 

v ~:::. 'lT ' - v-' t 

tW I A = 

tW 

"',..- a..' 
tW 

W-t Et.J 
W I \/ = ~w+~)[ -u-t.-"'> _ ~1\ W-+EL -J _ (w-M)ltt~-v' _ "' 

JtWt ~w w L JtW.t ~w 

~ - ( w-M) f 0., t- 0.. f - ~ w' -t E ~J -I ill+ f.\ ) \ "'- :' - ~ w; E,/ 
A - \ l ~tw' ~w w \. l Jtw It w w} 

l ~ (w\1-\) ~·< -r ~ W-E,]_ ( W-~ ~ \ ...,~_\), ;-~ w-Etj 
~tW J1W w \ 1Jtwt AW W I 

't Q,_t-v..> t\.lt W-E., ~~-4, a.
3 

w'-t A ~ ~w-M) .t +- J- rw-tl"\) -r -- __ .z.J Ptw A-W ~ \ Jiwt )tw ~ ; 
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~- ~ .. ,. 
' v'-+ vlt W-t E.,_, v ,. -t '\1 - '\t -" 

::: 
~w.t. Pr.W w (23) 

A) t 
;- ' ' II 

~\Q - <\. -q, C\l~q_ W-t E .. 
'::: + J 

p.,W"' .1\W w 

' .. t ,. " ~ '\)If W- EL v '\1 .... '\1-"'-"' '\) + 
:: + 

Jt wl- JtW w 

A' ~ l \ ' ' l# 
W- EL ~-+a.-0..-c:t a.tA 

-::::-

It 1}./ t JtW w 

ll!!>l CO K paUle HHH 3Dll11CI1 Mbl OIIyCTI1Jll1 3 H a '!K11 (:::_) 11 BBeJlH 0603Ha'!e HH H : 

~ E, E., W-E, 1}-t 

\_E,+\1.\)(Ef'"~) £\- M 

t v 'Itt_ \1 >t E. E-~. W- E4 

( E,- M' l EL- ~) £, + M 

t 1,- E, E.t. W-E, Jtt a. ::: 

( E,-+ ~ ~ ( E1 - 1\) E,- M I 

~ ---- v, 
'It' _ ~ it f, E, 

. (_E , - ~)(e.t- 1'-\) E.~.-+ M 
a..'~~~ ~E,E< . :1\J 

I ( E,-t M)<..E~. - ~) E..t -t M 
(24 ; 

T",~ J.tE4 E., '\fit 

( E\-t ~' l E.t. -t M} E1 - M 

) Jt E, E 1 v-s-
'\)" ::: 
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B H8ITHC8HHhiX cooTHoweHHSIX W , Ei.. H E.t, 03Ha'"!aiOT rronHyiO sHeprHIO' cHcTe-

Mhi j'(, N H 3HeprHH HyKnOHOB B CHCTeMe ueHTpa Mace CHCTeMbl nJ\f. 

lll. Orrpe.ueneHHe 8MITnHTY.ll C ITOMOlllbiO .UHCIIepCHOHHhiX COOTHOWeHHH 

4 

npe.unonO)KHM, '"ITO CK8nS!pHbie 8MITnHTY.llhl v(t) H 

• 
Alt) y.uoBneTBOpSIIOT 

CHOHHbiM COOTHOWeHHSIM 6e3 Bbi'"IHT8HHSI ITO nepeMeHHOH v 
.UHcnep

npH cflHKCHpOB8HHbiX v6 H 

G" 2) 
• 3TH .UHCIIepCHOHHhle COOTHOWeHHSI HMeiOT BH.ll 

yo 

.:.1 ) 
1-_J_J 

"\1'+~ 

(25) 

R.-~ H~l ", ve,") ~ C.: ( "s, G') t R..; (~ ::t 
.,<) "e- v 

+ ~ £] .t"' r~ H ~ c-~', "&,6' J r-;-~ ~V-V I 

.,., .tM L 
r

4
:::VS-\- W\-t"" 

tM J 

3H8KH + HnH - B H8ITHC8HHbiX ,OHCnepCHOHHb!X COOTHOWeHHSI.X o6ycnaBnHB8IOTCSI 

CBOHCTBOM rrepeKpeCTHOH CHMMeTpHH 8MITnHTy .u. KoHCT8HTbl c...- ( -J &t G'") H Bhi'"!eTbl R .;_ 
onpe,aenSIIOTCSI 6opHOBCKHM qneHOM, COOTBeTCTBYIOWHM .OH8rp8MM8M H8 pHC,2, 3TOT 

qneH MO)KeT 6b!Tb H8ITHC8H CJie.OYIOlUHM o6pa30M; 

[ '1' ~· t = 
~J . ~ ( ~ • t ) - M [~ f r ~t.) + ~ c( ~ ~ ~ ( f})· ] -r t.c£ 
VJ:ll'"""l\" .. -Ct,~-tM"' ~' f 

" J ~ ( t~ -l) -M ~ t-'\ ~ ~6 l 
tlif lk.t)+i.t~~f.l.(t/J ~ ... ~Ys-r-"'tr --'L- '"Ys-fl(~-~)jf,.\~· 

1. · (~c(t.) -t M (~-q)i"-1 

. ~ Fr· 1,. J l + ~ 11.. ~ ~,~ • \t .. i.l -~rtF, l'-') "'!\·~F. \t.'-Jh Y• 
J (.: l lt·•")-+ M l ;(,:~<)-1'1 l 

------,----- + L• f,t~ .. '! (•~lF.(to'J }r.\f;-t.-)' .. 1'( r< z._r1 J 
2

) B HBCTOSIIUe.il: pa6oTe Mhi He y'"IHTbiBaeM scpcpeKTOB il1t. -a38HMo.aeil:cTBHH; 
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3.a e c h d" - nepeHopM11pOB8HH851 KOHCT8HTa CI1JlbHoro B3811Mo.aefic TBI151 TL N N 1 

J\..,_- ~v 1 f 1.l~) - ~ l~j- Hehp11HHbJe cpopMcPaKTopbi HyKn o H a , fs-( ..._..~.) - HeHTp11H-

Hbiil cl:Jo pMcP8 KTOp 1t -Me3oHa , f
4
.(0 ) = i- 1 f(:t)- JJ110HH bill ci:Jo p McP8KTOp HYKJl OH a 

(ae pW11HH 851 cPYHKU11 51 aepW11Hbl fl f'lN ), f(_-wt): i- • np11 H81111C8HI111 o6wero B hi p a 

:>Ke H H 51 qeTbipexcl:JepMiiOHHbiX C Jl86 b iX BepW11H Mbl 11CIIOJlb30B8JlH 0 - 11 HB 8p118H TH OCT b 

B38HMO.Qei\CTBI1fi . Y1HB8pH8HTHOCTh OTHOCHTeJlhHO OTpa:>KeHI151 BpeMeHI1 Tpe 6yeT, qT0 6bJ 

Ill ! 
K 03cPtfl11UI1eHTbi ~ , ~ 11 ace ci:Jo pMcP8KTO p b i 6biJll1 a ewecTB e HHbiMI1 • Koacl:JcP11UI1eHT 

)\_ no51BJl51eTC51 113- 3a n e peHopM11pOBKI1 a KC I18Jl bHO H ~o HcTaH Tbi CB51311. Eonee T o r o, 

corn a cHo npe.a n ono:>KeHI1!0 'J-A Te Op11H 06 1130TOI111qecKOH CTpy KType BeKTOpHOH q a c-

TH TOK8 Ji , Mbl 11MeeM 

f~ (~J ~ F~' ( t...)- Ft~ ($ll.) 

\\-c~)~ p<t 'ii c~<; 

(27) 

o( :::: 
.t 1\.\ _.,.,"' FTl 

r.ae '~r ' c. - aneKTpOM8r HI1THbJe cPOPMcP8KT Opbl HYKJlOH8 11 T( -Me30Ha , J'4r 11 r .. -
DHO M 8Jl bH bi8 M8rH11THbJe M OMe HTbl 11pOTOH8 11 HefiTpOHa. Jln51 COKp 8 I.UeHM51 3811MCM Mbl 

O JJ yCTI1M apryMeHTbl ci:JopMcP8KTOpOB M Bbip8311M BbJqeTbl fl~ B BH.Qe M8Tp11U C O.QHOH 

CTpOKOll 0 nocne Tp11 Bi18JlbHhlX npeo6pa30B8HMH Mhl rrony q 11M 

~ .Q Jl51 (~) e>( F ) vt 
.tM (28) 

I 

·~c- f ) nn• ~ - f ~ F!> f~ 
~ 

~ At±) - - -------- - .- 0 ( 0 fL ~I .tM .t.M 
J .t.l\.\ 

nocT051HHbie G,: I!Me!OT 3 H aqeHil51 

CL\j~- )l - :_,rf._. F..~.. _L c [ v z) 1 -:: 
~s- ~ 

z y,: --- (29) 
!)+J.tM~tp, (t_ 

11 C: ~ e~- .an 51 OCT8JlbHhlX D MIIJli1TY.Oo flp11 yY.eTe TOJlbKO B KJl 8.Q8 p e30H 8 HCH OH p -

BOJlHbl ( 33) B MHHMbie q QCTI1 8Ml1JlHTy.a , 11HTe rpD.IIbHbie ypaB HeHM51, JJOJlyqe~:Hbie 1! 3 

(25) , M OryT Ob!T b peweHbl C IIOMOI.Ub!O MeTu .aa p81- :) T bi/7/. np!! 3TOM y.a o6HO n e pefi -

Til K HOB OH nepeMeHHofi : 

(30) 
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np1!6mDI<eHHbie p eweHHSI H H T e rpa nbHbiX ypaBHeH HH HMeiOT BHLl 

-tt(,:.,", ,c;-) :0. 
L-

4
• ("6,u) + R: ( " ;!:. ~ ) 

"'y, - '\1 '\Jv..-t- v 
c/:1 tr t%_,""'J - S(£1,"") J ,-S"("-)j 

-+- ~ J.;r ,;. i(tl ~.· (1,""'')e . 
WI 

Lo\-
.ll'-\ 

tP 

-L~o :t r~~ +L"~] 
(3 1 ) 

J 

rrpH'IeM 

~ 1 ( .l.~ s- l ~) r--+- ~ ~.-~ j 11 pH s lob) .:: 0 
I 

~ (_~ , "t~) ;:: 

g(~, "f>) ;>_ 

~ j L ~-~ 
'W' 

i-t-
L~ P 

~ J ~ 1 ~ J c~+ ~fl) f ,t,/ ~(~')--;- ~ ~ "" --
'7\ liK.-+ "") 'X-'- J(_ ~~ ... " ~ -t "" 

(32) 

..., 
i-tt("' rrpH ~ (~) ~ 7\ ' 

3nec b S'(")- ¢a3a P-BonHbi ( 33) 1t- N -pacce SIH HSI. B e nH 'II Hbi ~;. orr p enen SIIOT CSI 

rrpoeKuHeif 6opHOBCKoro qneHa (26) Ha cocTOSIHHH (33). DnSI orr p e n e n e HHSI aTHx s enH- · 

'iHH Mbl H8IIHWeM 60pHOBCKYIO '18CTb ~ r 0 3 8 TeM C I1pOeKTHpy e M 8 T O B bi p 8)KeHHe H8 

COCTOSIHHe (33). 8 pe3ynb,T8 Te rrony~~M: • · JL ) 
s3 · " • 

7 

A 

L ~t• 16 ~ ~ Ft' ~- l ~ c L v-l:) \ ( + ~JtlJ 6 (, ~ . )\ 

rrpH 'ie M 

r ;_ 1 ~~ 
L"17c-' ) 6 ~ 

<) (~ .· l " l . 1 })33 ) 
-t {-- l Lf' LA 1 ~ l '\l (-) ) ~ ~ + A (-1 ~, t ,- J 

' : 4 ~ . ~~ - ~ ~ 

t 1t .l-1 1 & , - ~ LA-~. , t } H 

~ f 1J'(._~ 1 1 & 1 
- L ~J 

l ~> 
r v(:' J v, "' lJt~,16 :::: 0 

J 
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(E,+~')Ce~_.~) c.,~e [3 E,-~ J [F(~.o .. _W-1"')+ L•lf~(w•t") . 
JtE E W-E, l ~ 

' t. 

(e,-1" J] t.,, t f, H w-E,)!..',\ + •( E,- M) ( [ -f, • • f,( w-M) J ~!&1.., • b .. l..,- · t) 

+ rffc~~~~+cd~~ -t.)\-J + (t.-"ll•,-") L, '··" tlF.lw-"-"o/· '"F, 
.It E, Et- L w-f.4 

(y<-,. )\<,• ")) t,, tf,~( w-E,) ( \ + l t l f,( .,_ M-'1'.\- '" F, ( w- M) E, J ~.- 'f, f ( e,,M) ~~JJ 1 

ll:fl\1'\ f,yt 1H =: (.E.~~J(a~,.tf.4) l-~jlF~(tE,~.-w-l")+~~(~+~)(ti-M)}(i. 
v.: .:r L (•l & "E, EL W-E, l 

+ tFrf(W- E,J ( \ + t(E,- ") \tf, + •F,( w-1")) ( t- l "- L,- l,) + f'tf (I -I.',; -".)I 

-(V\1-~)tF,_o~- J.o(.FLM\~~J + (t:,-t~.)\E,_-1") lEdM J~t(W- ... ·1£) 
•. e e w-E!. l 
.,. I L 

+ t~F,( w-") (o,, "lV• • • f,~ l w- to,) 1.~ j ' '(e,, ") t ( F, • "f, ( W•!<)1 (., + fd t.~ u J 

1.-lf'II~,J [11"~ J~l:: ~,-"')lt\~~) 6(E~,.~~)1tf1.+o~.F.~.(wkfo\))(.~ 
1ft }' (+) & J;E,E, l 

.... c:: .... t., '. l ~ ~\fr+"') te.a."" f') { ] L ' ) f l f • " 
111 

) t • 1;,l~"J 1 .t(E,cf'o\) \-F, . .-Lf.t.(W·~) ,~-~~"'~ -t s-1\~-;JA\!\) s} 
J.tE,Et. 



Ill 



. ~\ 

BemrqHHbl ~.· '>. L vl:, \ H 

COOTHOW8HHH (23) H (24 ). 
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. }\ 

LA ~t) 1 tt onpenemuoTcSI H 3 TIOMOWbl<) 

K a K y )!{e OTMeq8J10Cb I 8MTI11HTY nhi p o)!{ne HHSI J( -Me30H8 H 8 HyK11 0 H8 OT H8HTpa

HO, OnpenemieMbi8 COOTHOW8HHllMH (27)-(33) 11 ( 23 )- (24), cnp a sennHBbl npH M 8 J1biX 

8HeprHSIX H COOTB8TCTBY!OWI1X yrnax, y nOBJ1 8TBOpSI!OlUHX ( 15), B TIOJ1HOH 8H8J101HH CO 

cny q aeM r:j:loTopo)!{neHH H, ecnH rHnoTe3hi V- A TeopHH HBJ1H!O TCH npa BHI1bHbiMH . Cpas-

H8HI18 TIOJ1yqeHHb!X p83Yi1bT8TOB C 8KCnepHM8HTOM TI03BOJ1SI8T npoBepHTb 8TH ranoTe-

3blo 

B bip8)!{8!0 rny6o Ky!O 6naron a pHOCTb npo¢. M.A .• M a pKoBy 38 lfHTe pec K pa6oTe, 

npo¢. A . M.6annHHY H ll • .ll.ConosbeBy 38 ueHH bie 38MeqaHHSI. 
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