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§1, Bl3eaeHne 

Ill 
YcnexM anre6pbl TOKOB noaneKnM aa, co6oii ,l\.fHOrotnicneHHbJe 

paoOTbi, B KOTOpb!X M3y'IBllHCb. ee cixeacT~MSI Jl~SI npocTbiX npoueccoB / 2/ 

(anMHhi "". ~·. 11N -pacceSIHHSI, ·pacnaahi, caoii~TBa.A p11 -: ciic~eMbi ~· Jlp.) • 
. /3/ .. '· .L. . .. 

ITpeanoJKeHHhiit BaiiH6eproM.MeToll nony'leHiui peaynhTaToa anre6pbi 
' . ' '; .' ~ . ~ ' . ' . . . 

TOKOB c ITOMOulbiO . H9llHH9HHblX. stjlcpeKTMBHblX narpaHlKHBHOB, . HHBap~BHTHblX ·. 
' • • • • ' ' ·' ~ ,. • • • •' • • c " ~ 

. 'IHCl19HMSI. M p8CCM8TpHB8Tb CllOlKHble peaKUMH, M3y'leHHe KOTOpblX B OObl'l-. , . , ' . ·~ (. ' . ; . . . '. ' ' . . . . . . . . . . . : , .. -- ' : 

HOM xlOllXOAe T9XHM'I9CKM 0'19Hb TpyJlHO, .CyMMa BCex apeBeCHbiX rpacpHKOB, 
" ' . . . . ~ " - . . . . .· ... :'. . . ' ' . - . ' .. 

aa!OlllHX BKnaa. B onpeaeneHHhiH npouecc, rile I{B)I(Jlasl na sepunm KnpanbHo-
___ , 

HHB8pM8HTH£l;• . BOCITpOM3BOllHT peaynbTBT. anreopbl' TOKOB llllSI 

aToro ITpO'u~CC(loi1cnOnf>30B8HMe M~T0Jl8 anre6pbl TOKr;>B IT pH HMITYilbCe TT 

,MeaoaoB .. ·q·. =I ·o , . 'Boo6me roaopSI, HeaaK~HHo, OaHaKo ecTb npnMepbt, 
- ... ; 

Koraa npeacKaaaHHSI anre6pbt TOKoB xoporno cor:m:~cy~TcSI c· aKcne~nMeHTOM 
.· · .. •. •'·/4/ 

aocTaTo'IHO. i:taneKo oT nopora peaKunii ·. • flpnMeHeHiie MeToaa anre6pbi 
. , . · ' · ' ~ . "' • I t " .~ ' :' ·" , • ~--, • 

TOKOB aa n'oporOM peaKUHH SIBilSieTCSI CITeKyllSITHBH~IM, HO TeM He MeHee 
' ' ' .- . . . .. ··; . 

MOlKeT. npaBMilbHO OTp8lK8Tb OCHOBHble . 38KOHOMepHOCTM, CBOHCTBeHHbie 
I , . -' .: , '· -· ,. . . 

KHp8llbHOtt lliiHBMHKe, KOTOp8SI C .TBKOii TO'IKII 3peHHSI SIBllH9TCH cno;::oi50M 
·-. '. . " : ... '-.. ' ' . - ·, ,· , __ _ 

napaMeTpnaaunn . aKcnepnMeHTBnbHhiX aaHHhiX .B6nnan nopora peaKuuil., 

3 



npeJlCTaBmieT HHTepec B Ka>KJlOM KOHKpeTHOM cnyqae Bb!HC~9liH9 . 

Bonpoca: o6 o6nacTH npnMeliHMOCTH MeTona anre6pbi TOKOB. TaK, i3 pa6~
/4,5/ Tax nenaeTCSI nonhiTKa onHcaTb -peaKUHIO 17N -+ =N- npn ::meprHHX 

B cncTeMe ueaTpa naepuiin ..j·s 6onee, qeM IOO Man Bbtllie nopora. _B 
/5/ . . . 

pa6oTe · aBTOpbi oTMetiaiOT xopowee cornacne nonHhiX ceqeanii c Teo-
. . - . . . ~/ 

· pHeii, ao aeynoBneTBOpHTenbaoe onHcaaHe yrnoBbiX pacnpeneneHHfi. B \ . . ' 

ynaeTCH xopowo onncaTb TaK>Ke JlH$$epeHunanbHhie pacnpeneneaHH. B pe

synbTaTe yqeTa HS06apb! f'l 1236 B npoMe>KyTO'IHOM COCTOHHHH. PeaKUHH . .., . 
-· ++ . . -. . .· 

y p -> 17 f'l onHCbiBanacb MSTOJlOM KHpanblih!X narpaH>KHallOB .TaK>K9 
- . . /6/ .· - 171 

npn ..j·'s '6onee, qeM IOO MsB aan nopor,oM • B pa6oTe sToT Me-
·' 

Ton c xopow~M·pe~yn-bT~ToM Hcnon6syeTcH nnH nonytieHHH nnHa 17N -pac-

. · · - · .· •. . .. . /4 6'7/ .. 
CSHHHH •. 0TM9THM 0 0Jlll8K0 0 'ITO . B pa6oTaX 

0 
• 

0 
BKnaJl 

1:1
1 

;
36 

y'IHThiBan,.:; 

CH He Bnozme ·. nociienoMTen~llbll'] o'6pasoi.t. 

B aacTriHmett pa6oTe nony'ISHbl cnencTBHH anre6pbl TOK-OB JlnH peaKUHH 
~ . . . - . 

~ + p ·_. 'p ~ f'l ++. ~eTOA~M 'aenH~efillb!X s$$eKTHB~biX narpaaxmaaoB. llnH 

nonytieliHH KHpanbHo-naBapnaliTHhix narpaa>KnaaoB Mhi ncnon.bsyeM nonxon~ 
o.imcaiuihiii 'II i)a6o~e. 181, n. npe~nono>KeHJre o Ma~cnManbHOfi rnanKocT.J

4
1: 

BsanMoJleficTBHe .ae· -Jl~n:>Kao conep>Ka-Tb npoHSBOJlHhiX oT 6apnoHHhiX nonett :H 

_ ae 6onee nepBbiX):iponsBoJlHhiX oT Mes~HHhiX nonett. PaccMoTpeHhi nn$$epe!J-

unanbliOe ceqeane H SaB:HCHMOCTb aneMeHTOB -crfnpanbHOfi ~aTpHUhl nnoT..: 
0 •"' . .. .++' -. :: - . - - - . . . 

aocTH ·p -Mesoaa H nso6aphi l'l' OT. nepenaaaoro nMnynbca; Hcnonbsy-

IOTCH 9KCnepHM9HTanbllb~~ )laliHbi9 no JlBOtiHOMy pO>KJl9HHIO peSOHaHCOB npH 
-- .. · · - -. - -· /9/ /10 Ill -

saeprHHX ..j s = 2,I94 fsB n 2,302 fsB ' • Mbi nocnenoBaTenb:.. 

HhiM ~6pasoM ytiHThiBaeM BKnan nnarpaMM c ~3o6apott' _ l'l i236 B npoMe>Ky-

TO'IHOM.cocTriHHHH •.• 

. nonHaH aMnnHTyi:l8, conep>KH~ IO nonrOHO'IHblX napaMeTpoB;. 6 napa..: 

MeTpOB $HKCHpyeTcH: m p ' m A ri M l'l - MaCChi p' A 1 ·..: M930liOB n nso6a-· 

phi i. 
1236

, g p.·A·.;.yJinBepcanhlibie KoacTaHThi Bsa~MoneiicTBHH· c P• A1 -:. 

4 

Me30li8MH H 
2 

g, /417 . = 2, 
p 

Iiso6apbl r l'l 

A 1 -pacn.! 

g.= g :\ 
A p 

= I20 M:: 

MeTpOB $HT I, Ta6n~ t) 
CH9 TSOpHH C 9KCnepHM• 

B § 2 onnchiBaeTi: 

OT)lenhllb!M. Jlp9B9Cllb!M 

H. cnnpanbllaH MaTpHua 
. .~ I I2/ - -

aMnnHTYJl , KOTOphl 

B § 8 o6cy>KnaroTc 

aeHHhifi_ BKnan n~arpa~~ 

38BHCHMOCTb 
2 . 

)(! OT aHC 

BosMo>Kao, 'ITo yqeT H~ 
f ~ ' .• :. 

HnH 8/2- MO>KST, yny'lllil 

wett cornacoMaaoc~H-n 
Hhlx naa!IhiX, aaanorH'Ili 

BHn cyMM Annepa'":'Battc 

B npHnO>K9llHH 1{3. 

a~a~MOJletlcTBHH ; A jp; 
a· TOM. tiHcne H qneaoa, 

;- npoBeAellllbie Bhl"i 

anre6phi ToKoB a~ npo'i 
+: ++ 

17 ;p -> p 0 f'l B6nH3l 

-§2. AMnm 

B peaKUHIO 17 + p ; 

aa puc. I. CyMMa ace' 

lliHHhl KHpan&HO-HHBBpHI 

OTJIOCHTenbHO npeo6pa3 



;· . 
. . -

1_ cnytiae Bbmcaeane 

bl TOKOB. TaK, B. pa6o-

aB Bbillle nopora. B · 

ronH:btx cetteHnii 'c Teo
. . - /4/ 
pacnpeneneanii. B 

e pacnpeneneHnR_B pe

r :cocTORHnn. · PeaKUHR

[arpaH)I<HaHoB TaK:w;e 
. . 171 

B pa6oTe aToT Me-

nytteHHR nnnH rrN -pac-

. BKnan !:J. I 236 yttnTbiBan....: 

:re6pbl TOKOB llnSI peaKUHH 

;x''narpamKH8HOBo nng, 

~bl HCDOnbsyeM DOllXOU; 

cnManbHOii rnanKocTJ41 : 

IX oT 6apHOHHbiX noneil H 

~. PaccMoTpeHbi nn<!J<!Jepe!l

anbHOH ~aTpHUbl nnoT..; 

rC> B:Mnynbca; ncnonbsy- , 

:w;neanro pesoaaacoB npn 

: 11,. Mbl nocnenoBaTenb

lpOH /). j 236 ,B npoMe:w;y-

~ napaMeTpos; 6 napa-

A I '..; MesoHoB H n3o6a..; 

MoliencTBnst- c P, ·A I - · 

Mesri!IaMH n - A I -pacnanH~R KoHcTaHTa n::io6apbi. ITonaraeTcst, 'ITo 
. '2 . 2 ._ 

g: I 4rr = 2, -, g A= g : H , I AI I m
77 
I = 23~, ttTo cooTseTcTiiyeT imlpnae 

p ., p . . . . _. ,, ., -2 ' ' ' 
liso6apbi T!:J. = 120 MaB. nyttlllaR nonroHKa~naeT 'X = 370 (aa6op: napa-

' . . .. , ' '.· ' 

MeTpoB <!JnT 1, Ta6n~ 1); trTo npn ,95 cTerreaSI_x -~-Bo6onbi _o.saatiae'T corda;.. 

cne TeopHH c SKCnepHM9HTOM npH y.nBOeHkblX aKcnepHMe~TanbHb!X OIIIHOKaX~ 
. ' ' ' ~ . ·• 

B ' § 2 ODHCbiBaeTcsi C:noco6 rionyqeHHSI aMIInHTYllt coo~BeTCTBYIDIUHX ' 
" \ . 

o_TnenbHbiM npeBeCHbiM anarpaMMaM (pnc.• 1)~ nn<!J!<!Je~7~it~a:nb~~e' :cetteane 

H' cnnpanbHaSI MaTpHua -nitoTHOCTH sanonHSIIDTCSI ' . c: DOMOlUbiD CIIHpanbHblX 
. ·!·: - I 12/ -.: · .. ·. . -· · 

aMnnHTYll , .. KOTOphie C'IHTaiDTCSI aa 3BM-. 
, ··.I 

B § 3 o6cy:w;naKiTCst notiy'reaabie pesyni:.TaT:bi~~- 0TMettaeTCR cyruecT-

lleaabiii: ·~~~an · nn~~paM~i,~ .c nJooa,poii:- s s _-_ --~KaHahe · (A~-)-' · n :cnrih~aH . 
~ , ' : . 1 ' j . ~ .. ' . :r .. ' ., ~. l t . 

sasncHMoCTb x oT aaoManbaoro MaranTa0ro MoMeHTa A - -Mesoaa ( 8 )· • 
. _ . . , · ; · _ > ~ , · I : -· : ; _ 

Bo~Mo:w;ao, 'iTO y<ieT ilso6aphi c HsocnnHoM T =I /2 _I{ cnHJi;,..{eTaoc!bro 1 I 2 

HIIH. 3/2_- Mo:w;eT ~ yny~ll!HTb; cornacHe C __ aKc?nepliM~H:oM H' n~~BeC~H ~; 6onb-
•••• ":' 1 '; . •• ~ > 

. ! " " .,. i . 

metl: cornacosaaaoCTH napa~eTpoB, nonytteH_HhiX H3 pa3HhiX aKcnepliMeaTanb-:-· 

HhiX naa~~xx, aa~norlltt~b To~y.~ KaK. aTo nbny~aeTck. npll ~a1chti!lek~lli np:a..; . 
' :.- .. ' ' i. ' /13/ ' '' 1 ' ·. •' i ,. ; 

snn cyMM Annepa":"Batl:c6eprepa • 
:::_ . ·' : . ; . t,' ' 
;~. B .flpHno:w;eaHH llsno:w;ea MeToll nony'leHHSI KHpanbaO-liHBapHaHTHoro 

~sa~Monetl:CTBHSI A 1 p; - -~~~~~eM~I H CBSIS~tl:,' BKnro~a~liuix ~3()68pY: ~ 1236 , 

B ;_T~M •IHcne 1\,q~e~oB, HC'I~3aiDI!lHX aa M~CC~Botl: :_ ;oa~p~otT~' H3o6a~h~. -• 

,. flpoB9ll9HHbl9 Bb!'IHCneHHSI D03BOnSiroT! 3aKltloliHTb1 ~'ITO npellCKaSaHHSI 
«':,~-c._ j --~---.. 

1

' ;w~.~. ,,.,"<f '·, ,·:.~; -;:,,' i ? 

anreopb! TOKOB He npoTHBope'laT SKCD9pHM9HTanbHbiM llaHHbiM 'no pe~K.UHH 
: + ++ . '·" ! 

rr : p -+ p_ 0 ·a s6nHsH. · nopora. '· ·; 
i· 

• :. ~· ""j : ~ .;_. y J 
§2. AMnnHTYllhi anSI peaKUHH rr +p' .~ "poli++a .. 

llHH8MHK9 

i . l 

B peaKUHID 77 + p ~ p 0 4 +-t: BHOCSIT BKnan llHarpaMMbi1 • ~pHB9ll9HHbl9: 
! 

< ' ' - ••• • ••••• 

IIIHHbl KHpanbHO:-H&BapllaHTHbl 1 naeT 8MDnHTYllY npouecca, HHBapH8HTHOr'O 

OTHOCHT9nhHO npeo6pa30B8HHA rpyDDbi -SU (2)xSU(2) 1 T.e. pesynbT8T 



r 
e:

>:
>.

ew
-

4 
w

 .
. H

·•
n•

:>
 

a 
ro 

H
 

r 
ro

' 
~3

 '
C

 3
. 

ai
1.

I 

rt
~g

y,
(a

g)
 =

 S
. :w

o
e

:e
d

g
o

 
: J

1 
91

1A
J.

H
U

U
W

V
 

' 
fX

 

• (
 m

ro
e

:a
w

 .
 

a
ltH

a
 

a 
H

:>
.r.

ae
a 

·,x
 

fU
O

U
 

a 
I1

9U
X

8 
~
H
H
H
a
)
I
C
O
U
 

r.r
.o

d 
~p

qu
.r

.u
eH
de
ao
x 

· a
11

.1
 

~
a
o
x
 

H
xa

ou
e.

r.
:>

ou
 

au
:>

ou
 

Jl
 

rl
 

: 
w

 
J
tN

V
 

•N
v
-·

=
 

1 
.· 

....
 

r 
'< 

sa
:>

-.
 

.u 
N

 v
 · :

H
e:

H
a:

> 
aa

11
. 

ro
x'

. a
w

w
e

d
.I

&
H

I1
 ·t

fH
ln

O
I.A

:a
 

•x
e

u
e

u
e

x
-

n 
H

 
s 

e:
aw

 
-

r 
y 

H
 

a 
u

a
w

g
o

 

1:
lO

U
 

N
H

d
J.

O
W

:l:
l9

d
 

d
ll
 a

. 
H

:>
.r.

ae
11

)1
C

!:>
gc

i. 
a

o
u

 

w
 •

 
ao

xo
.r

. 
Iq

d
g

a
.I

u
e

 
IS

/ 
· 

9 

,<
·-

, 



·. !2; 
:s: 
::I 

?-~~·:::'~ ;~ < 

Q) 

.• ' f' c.. 
al 

. . /3/ 
anre6phi TOKOB .. o MeTo.ti nony'leHHSI KHpanbHO-HHBapHaHTHhiX n~rpl}HlKHa-

aoa · o6cy*.oaeTcSI·'a· 'npil:nomeiniHo 

PacCMOTpHM nocllellOBaTellbHO KamnyKi H3 STHX llHarpaMM: KOHT8KTHyro, 

o6MeH rr. H A z. ~ :MeaoaaMH, Hyl<noHHhiti noiuoc, y'leT Hao6aphr 11
1236

: B 

. s H u -Kaaanaxo 

lo KoaTaKTHaSI llHarpaMMa (A c.) o B MaTpH'IHhiti sneMeHT, cooTBeTcT-. 

BYIOiliHtt• llHarpaMMe' KOHTaKTHOro B38HMOlletiCTBHSI (pHCo ·1) i · ll8IOT BK118ll .. : .. ·. ' . . , ' " . 

nae. CBSiaH: Ll N rr · -casrab · • ~ 

;:.>r: h. c. 

nocne ttocTaHOBKH KOBap~aHTHOH npOH3BOllHOti TT -Meaoaa .· (n·. 2) 
1 

11NA1 -casrab 

C_A -+ . :; 

LllNA = {3-·Ll r,
11
···NA,;

11
+ h.c., 

1 m,.t·JL r 

(1) 

H 

. ( 2) 

·rne f KOBapHaHTHbiti po:rop ·Az.- M~a,oaa onp~nenea <!Jop:Mynott ' ( n. ·. 3) npH

,llO:IKeHHSio BK118ll B flOllHYIO 8Mfll1HTYllY OT KOHT8KTHOti l:lHarpaMMhi aanHChi
x/. BaeTCSI B BHlle 

- + . {3' -.· A 

A = (Llp}u.,rr - i-. [(Llp}q c r m . • 2 . ,4 ' . 
(Ll; )p]u rr+, 

2 p 
A 

-'leTbipexHMnynbchi rr H p -Me30HOB1 p = Y : P 0 

·• · ' , . ·IL _IL 
H 

(3). 

(Llp}= 

( rne frr"" 95 M sa - pacnanaasr ~ KOHCTaHTa TT - " 

· Meaoaa).o 

rne E 1 , E 2 , ru 1 H ru 2 - saeprHH npoToaa, Hao6aphr,' rr · H p -:-Meaoaoa 
B CoUo.Hoo M P -Macca npoToaao 

7 

•. 



•. ····:» -...... •' 

. 2. 05Me~ ·" .n A 1 
1-,,. 

na. ~Nrr -cBSian ;( 1). KpoMe. Toro; aeo5xoan~o y'iecTb· prrrr.·, ·-:-:· BaanMo- • ... 

ge,ftCTBne, ~oaepm~~eec~ B o~meM. narpa~R{~a~~ '(n,.·: 1);_ ' 
,.. ' .. · -~ . . ·,. · •. :~_-.~·> ';'··~ .·-·~· ·,' •'. ·.;: ., . ','··· ,. ~-·~ ' 

. · .... ;::·~ .. _...' .:....-<£ .:.t,· :_-.· .... ;~ :··')' 
LP. =.;;..·g·.(.p ···rr.· xa rr-.-p ·a•.rr·x.a .·." .. l· • . TT TT • p , p. · : ... · fl < 'm 2 flll fl . , V , . · 

·.·.· KoilcTaHTa · i · ,casl3ana .c 8 . 

· 30Ha: COOTHOIIIeitneM 

A 17 ~()ny~nM: ··. 

. ' ~-. ' 7). 

:.:;P 

1 +{ . k ' ) ', + 
. A =.-·2 · · (~ )(pq .uP,17 .. 

TT· k2.+··m2,.,·: .. 1,;; ·"• . 
. · TT, . 

~ nml Bbl'iliC1JeHIISI BKnaaa. anarpaMMbl A A •· COOTBeT~TByromeM: 
' Ai· ~·Me30HOM, noliy'IIIM ll3~o·6mero narpaamnafia ()l·.<·O>;A I p;,, :-,,C~SI;~ ' 

~- .. ·. 

L·>P":=·--·ggf.4 . P .. :.Hi:../:;.E.J 2 ri ~·8na · 7T'xA ... + [i..:.r!!eJ 2l7T'xa,A:· l. 
J : · p.v mA .p. v . m r .. 

. p "•··· >: .. , . .:; · .• " . •· . • A • 

• Heo5xoanMo 

< B38liMOt:lei1:cTBIIe: 

· . >. 1 ·m.:.tg .2:-:;·: :: .. ~- ·· f3':: .·"':: 
L 'NA. =-.g f. --:(~). d,l N A;,+ g -.·:~·,y N. A + u · A rr m · ,.. r A.m ,.. v . .... , v .. J ·. TT mp g A . • .A . . r 

.:~rrepBbiM: 'inEm.B:.(7J nerKri nony'IHT~; noacTaBri:il:sl• 
> . ' ' ' ' . ' './6/ 
nponaBoaayro rr - Meaoaa. • B pa5oTe , . · npn 

onymea BTopoiL •ulea B, ·, ~N A 1 -cBHan; 'ITO MeHSie.T n aenn'lnay BKnaaa. 

. KOHT8KTH01!: . nnarpaMMb~ . A ~ • BK.IIan nnarpaMMbi :. AA;: B.' aMnirnTyny ~peaK;.;.·.·. 
~ :_ . ' ... . :· ' . ' ·. . ' ' . - . . ' ' ' . 

unn :·rr+p '-+ ·P,o·~~+ ut.ieeT sua 

·:_A . . .. 1 . ,:.;...:..·,·. '" .,. ·. -·. ·.; .. •· 
AA=' -18 [(~q )(pq /- (~p}(k q )+ f3. 

.·. . k 2+ m2 2. 1 2 ·.. . . 
· · -~· ·· · .. ~:A .--~m ··_. ··:. ~-1:-~: ~:. _ A · ·_ ~--

2[ - ( A) 2 ][. A'·) - 2 ... ·k.)( · . . ) . 'D .. ]l: ·+" + m 8 + 1 - - ( u p + m .. ( u p q · - f3 · u rr · ,' P . m · A . .J ·. 1 cP . p . . c •.•• 

', ~ '.,.- ~ 
'. j, 

+· 
' '. (8):'· 

11''' ~' 

B· 

"· 
rne D =i[(~k)p-'1 J . 

3. Y'ieT ayxnoHE 

s n u -Kananax ( 

·MeTpli'ieCK,Oe. CeMeHCT 

paMeTpii'ieCKoe ·ceMeM:• 

'leHnH o5maocTn Mbi 11 

npona~aTop npocTefirnE 

" M~-'ip · 
G ·(p)= M2[ 8~v:-
p.v p2+ ~ 

~ N rr -BaanMoaeficTBIIE 

. . .A I :; 
L~N· =-llp.(8 +a 

TT m
17 

{LV J 

rae BTopofi ·.•men nc'ie 

BcnencTBne- aononanTe. 
'1 ... ~ ' 

3Ha'ieane. napaMeTpa .· 

5b!Tb aa!flnKcilpoBaHo, 

· ·cTpoSITCSI. ~~P ·, 6.~ 

nnSI aMnnnTyn A s n 

u -Kaaanax, nony'illl 

3 - " 
As=- i 2 ~a [p 8a{f"Po 

A a2 A 

- i -... - ( p q - q. p )y 
.til · 2a 2 a· t p . 

' ~ ., 



>mocHo~. '!lle1t B03HlrKae1-_ 
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s n u -KaHanax ( A s 1 A u ) , KaK HaBeCTHo~ ·cymecTsy~T O.!lHonapa

MeTpH'IeCKoe ceMeitcTso yp~BHemitl nnn· '!aCTHiihi co cnHHoM '3/2 n onnona
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lapb!1 c = hk*/2>.. · 
2 '' ' 1 

11 a 4 onpell?neHhi ¢op-

11MeeT B11Jl 
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31111 

1 CBSI38HHhlfi B MOJle,.-

I"HHTHbiM MOMeHTOM HyK-

1.11HB8p118HTH8SI OTHOC11-

fMeeT B11Jl 

u 

·p~¢11KaM p11c. 1, 1 onpe

l#epeHil11anhHoro cetteHnst 

( 14) 

113o6apbl B c.u.11. 

1121 
Hh!MH 8Mlln11TYJl8MH 

)TC.Il 3BM B B11Jle KOMll-

neKCHhiX MaTpnu. nocKonhKY cn11panbHhie aMnn11TYJlhi < .\P .\ ~lA ( O*) I'\,> 
saBHC.IlT TonhKO oT yrna pacce.llH11.1l B c,u,11• 0 * ( .\ P, .\ ~ 11 A P · - cnn -

' ·++ ) " 
panbHOCTII ·po -Me30H81 11306apb! ~ , '11 llpOTOHa 1 MO)KHO C llOMOIUbiO 

3BM llOC'lliT8Tb Jlmi K8)KJlOfi aKcnep11MeliTanbHOfi TO'IKR 0~. Ha6op 

12 aMnmiTyJl, Ou11 onpeilen.lliOT He TonhKo Jl11¢¢epeHu11anhHoe cetteH11e ( 14) 1 

Ho n yrnoawe Koppen.11u11n B pacnaJle pesoHaHcoB p 0 ~ "+"- 11 

++ + 1111 
~ -+ p rr: lleitCTB11TenbH01 MaTpHttlihlH aneMeHT npouecca 

++ 
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' + + 
38lliiCb!B8eTC.Il (npeHe6peraeTC.Il aljlljleKTOM KOHett-
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p rr -KOM611H8UIIHj f (m) = (m -m - im f') I"Jle m 
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KBK D1 {a,f3,y) 
JLV 

111npnHa pesoHaHca a • D · - ¢yHKU11H o6osiiattaiOTCSJ · 

1121 
. • 0TCIOJla· nonyqaeM Bbipa)Kel!ne KoppemiunoHHhiX 

KO a¢ljlnuHE!HTOB a 1 , a2 , ••• , a19 (Koa¢¢nuneHThi1 BXOJl.lliUHe B Bb!pa)KeHne 
·~ ~ 

Jln.ll pacnpeJleneHn.ll no yrnaM 0 , ¢ , 0. P, ¢ P ) ttepes cnnpanblihie 

aMnnnTyJlhi. lleTanbHbiii auanns cnnpanbHbiX 
'+' ++ - . 
rr p ~ p0 ~ 1 n Bhlttncneune Koa¢¢nuneHTOB a , a , ... , a 1 c nx noMOIUbiO 

I 101 . . . . 1 2 19 

, 1.JT06b! ytteCTb aljl!jleKT 6onblliHX Illllp11H 11S06apbl 11 

aMnnnTyJl ~n.11 pea~u1111 

npoBeJlelihi B 
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I 11 I · · · • ... ·. · • 12 
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34
)/P(mp ,M~)] dm:im
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:, 
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Mil MaccaMH m 12 11 m 34 B c.u.n., P (mp, Mf).) = ;P • 3Hepi'HHM v*i"" 
= 2,194 raa H 2,302 raa COOTB9TCTByiOT a.= 0,51.1f 0,581 npll s..-+ , oo 

a(s) -+ J o 0TM9TIIM 1 . 'ITO B cnyqae KOliT8KTliOI'O ,'lneli8·.TO'Ilibl9 paC'I9Tbl 

npaKTH'IecKH coananaiOT c npH6nn:lKelilibiMn. nocKonbKY np11 nony'leHHll 

caMHX aKcnepnMeHTanhlibiX naaabiX nonhayiOTCSI eme 6onee I'py6biMH npn-
/ 11/ '' . 

6nn:lKeliHHMli · · , ae HMeeT CMbicna no6naaThC?SI 6onhUieii CTpOI'OCTn ue-

aoii cymecTaeaaoi'o ycno:lKaeanH pac'leToa. 

Llanee npOIISBOlllfTCH MlflllfMliSaUIIH X 2 
1 n KOTOpblH. nXOJlllT aKcne

pliM9l!Tanhli8SI n~$op~au11s:r o Jln$$epeauHanhlibiX ceqeJIHHX npn aaepi'HSIX 
- /9/ /11/ . . . I 

V S = 21 194 raa If 2,302 ran 1 If HH$OpMaUIISI 0 KOppenHUIIOHHbiX 

Koa$$nuneHTax a1 , a2 , ••• , a19 nnH HecKonhKHx HHTepnanoa co..s 8* npn 
- /10/ . ' 

::mepi'Hif ..; s = 2,302 ran . • Bcei'O liMe eTCH 105 aKcnepuMeHTanhHbiX 

TO'IeK. TaK KaK Halli noJlXOJl, no-nHllHMOMy, cnpaaeJlnHa a· nyqUJeM cnyqae 

n6nit3li nopoi'a II npn ManbiX nepeJl8'18X ~Mi:Jynhca,. OIIJII6Kli n llH$<jlepel!UHanh

liOM cetieanu JlnSI 4 To'leK c cos.()*< 0,6 aanbiUJeHbi a 5 pas. 

§3, Cpanaeane c aKcnepnMeHTOM n o6cy:lKJleHne 

peaynhTaTon 

1. Ha p11c. 2 n 3 npnneneubi peaynhTaTbi pacqeToB 11 aKcnepnMeH

TaiihHbie ll3HIIbi9 llnSI nn<jl<jlepeHUHanhHOI'O C9'19HHSI npn aHepi'HSIX V 7 = . 

= 2,194 raa n 2;302 faa n aaancnMoCTh HaH6onee cymecTBeHHbiX Koppe

nHunoHHbix Koa<jl$nuneHTOn OT co~()* npH V ;- .,; 21302 .fa~. noJl'19pKH9M1 

'ITO npn 8* = 0 cymecTneHHbi TonhKo Koa$$nuneHTbi a1 a 2 ' a .3 

a 
12 

n a 
18 

, ocTanhHbie KoppenHunoHHbie Kos$$nuueHTbi He JlaiOT nKnaJla 
· I 101 

no KUH9M8TU'I9CKUM C006pa:lK9HUSIM • o 

+ 0 A++ 
2. 06ruast Knpanhno-nana:pnaHTHas:r aMnnnTyJla peaKunn rr p .... p u 

COJl9p:lKIIT ·10 cno60JlHbiX napaMeTpon C y'I9TOM 'lneHOB1 Jl8IOIUHX BKnaJl 

TonhK.o nHe Macco~'oii nonepxHocTn nao6apbi ( napaMeTpbi a 1 , ••. , a 
4 

) • 

12 

tf 
[j 

' 

1 
J 

6 napaMeTpoa m , . · m 
. . p .· 

mp = 0,765 ran, Mf).· "= 

COOTaeTCTnyeT llillpUHe 

'ITO npnnOJlllT K COOTHOl 

CooTHOIIJ9HUe ( n·.7) 

.--. 
.~ 

~~ 
! -....;; ' 
.l.Q 

~10 
* <D· 
Cl>8 
C) 

(.)6 
\::). --'{)4 
\::) 

PHCo 2. 3anncUMOCTh lll 
OT_KOCHHyca yi'na B~Ine vs = 2,194 ran 191 n 
c ua6opoM napaMeTpon 



o3neprHSIM y*S: 
H 0,58, npn. -s .. oo 

1nena. TO'IHbie pactJeTbi 

II:>Ky npn nony'leHHH 

1e 6onee rpy6hiMH npn-

5onbrneu cTporocTH ue-

oTophiu. nxonnT aKcne

!'leHHSIX npH aneprHSIX 

mHSI 0 KOppenSIUHOHIIblX 

ITepBanoB cos 8 * . npn 

05 aKCnepHMei!TBnbHbiX 

~nnnn B nyqrneM cny'lae 

-'ornn6KH B nncf>~epenunanb

; B 5 pa3. 

' " ._ ' ' ' . ~ 
:::y)KJl9HH9 

:'19TOB H aKCnepHM911-

[JpH aHeprHSIX . V ;-= . 
cymecTBellllhiX Koppe

!,S0-2. ran. nonqepKHeM, 
,,., 

a2 ' 
a· 

3 

19HTbl He Jl810T BKnana 

+ . 0 A++ .peaKUHH ' TT p .. p Ll 

!HOB, Jl.BIOlUHX BKnaJl 

\.teTpbl a 
1 

, •• • , a . ) • 
. 4 

6 napaMeTpoB m p , m A gp g A H .\ 1 cf>nKcnpyroTcSI:. 

mp = 0,765 ran, M!:i = 1,236 ran, ·g 2/4rr = 2 II I.\ /m 12 = 239('1TO 
p 1 TT · 

. COOTBeTCTByeT lliHpHHe H306apbl 120 MaB). nonaraeM mA2 =2m 2 H g =g p A_ p 
'ITO npiiBOJlHT K cooTnorneHHIO Kanapa6aSirnu-CysyKH 2 ( g f / m ) 

2 
= 1 . p TT p 

CooTHOlli9HHe ( n.7) B aTOM cny'lae npHHHMaeT BHJl 8 = -( 1+4 ( ). 

,___, 

~ 

:~ 
' -...;, 

l.Q -~ 

~10 
* <D Cr)8 
C) 

(..)6 
\:). --.g4 

2 
0 

1 

• ~ = 2,3o2 r)& 

x {s = 2,194 . r)& 

0 

Puc. 2. 3aBHCIIMOCTb nn#epenunan bHoro cetJeHHSI peaKUHH rr+ p .. p 0 A++ 
oT_F;ocnnyca yrna1 ~}'meTa P

0 
-MesoHa (8*) . ·B c.u.n. npn anepriiSIX v s = 2, 194 ran H 2;302 TaB !111. TeopeTH'IeCKHe KpHBbl9 Bbl'IHCneHhl 

c na6opoM napaMeTpoB ¢111T 1, Ta6n. 1. 
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1.a 

a.BI a3 
0,6 

a.4 

.. . ' . ~ 
case* --1 

-a.4 [IT -a 
1 

I ::>" "'1 I case* I 

-1 

PHCo 3. 3aBHCHMOCTb Koa<IJ¢HUHeHTOI) al , -· a 2 H a 3 · 1 BXOJlSIWHX B 
yrnonoe pacnpeJlenenne npoJlyKTOB pacna)la p 0 -Meaona H nao5apw 
£\ ++ oT cos O* npn aneprnn ...js = 2;302 ran 1101. 

14 

1 
~-

-.~ 

,~:._t 
\ ! 

,__\ 

' 

'I 
\ 
I 
! 
' f 

I 
I 
f 

-I 

I 
-! 
l 
! 

i 
·\ 
I 
I 

( 

I 
I 

I 
I 

Xopowee cornac 

qTo npn'95-cTerieHSIX 

TOM npH YJlBOeHHbiX 

napaMeTpOB ¢lHT'1; 

TeopHH 1 T8K H B 9KCI 

ne cneJlyeT. Hanoon 
-' ... : ~ -· 

C I _ 1 J.1 £\ ( BKn 8/l . 

Hhiii MoMeHT A 1 -IV 

BKnaJl JlHarpaMMbi 

OCHOBHOM H3 qneHOB1 
'"'; . . . - ~·· .. 

H3008pb1 1 KOTOpble . Bl 

yqHThlBanHCb HeKoppE 

ne5pe% ( c
2 

= 0 ), 
¢lHT Ill Ta6n. 1, KO~ 

<llHT 1, Taon. 1. B .. ~ 

npH38~HKCHpOB8HH~M 
- 2 . 
X ,;, 1000 oanaqaeT 

9KCnepHMeHT8nbHbiX .. 

cornacyeTCSI (B ~~ell 
. I 

BCTpeqllbiX nyqKQB 

(E • 0 ), nonyqaeTc 

x/u , . 
nMeiOwHeCSI 

K npoTnnopeqnBbiM a 
TOqHOCTb!O 0 = 0 ;· 

gA= gp • 



se* 

sf}* 

H . a .3 · 1 BXOJlSIII(HX B 
, ---Meaoaa · H H3o6aphi 
faB 1101. 

(' 

Xopornee cornacHe c aKcnepHMeHTanhHbiMH aaHHbiMH 
2 

)( = 3701 

ttTo npH 95 'cTeneHHX cso60ilbi oaHattaeT 'coriiBcne- TeopMH c aKcnepMMeH

TOM npn YllBOeHHbiX aKcm3pHMeHTanbHbiX OUIIIOKax) rronyttaeTCH C Ha6opOM 

napaMeTpos <t>l-f'f I; Ta6n. f. H3-aa · ca'enaHHbix · ri·pu6nM:menMit haK s 

Teopnn 1 TaK M B aKcnepMMeHTe) 'omMJlaTb cnHUIKOM xopornero cornaCMH 

He cneayeT. HaM6onee cymecTBeHHbiX napaMeTpos nSITh: a .I 1 a 
2

_ 1 

C I 1 -~ /),. ( BKna}l 

Hblli MOMeHT ·A-I 

BKnaa llMarpaMMbi 

/),.- I236 B .s -KaHan~) M a -aHoManhHblH MarHIIT-

-Me30Ha. 3To HCHO TaK:lKe M M3 BenU'IMH OUIIIOOK. 

A u OKa3biBaeTCH HeCyiileCTBeHHb!M M COCTOIIT B 

OCHOBHOM M3 ttneHOB 1 o6pamaJOII(MXCH B Hynh BHe, MaCCOBOH llOBepXHOCTM 
- 141 

M306apbl1 KOTOpb!e BO MHOrMX pa6oTaX BOOOII(e He yttMTbiBanMCb Mnii 
171 

yttMTbiBanMCh HeKoppeKTHo Ecnil BKnaaoM llHarpaMMbi A u npe-

He6pettb ( c 
2 

= 0 ) , To noaroHKa aaeT x 2 =4 70 M ua6op napaMeTpoB 

<PHT lll ~ Ta6n. 1, KOTOpbiit npaKTMttecKn He oTnHttaeTCSI oT napaMeTpos 

<PHT 1, ·:ra6n. 1. B Ta6n. 1 npMBOJlHTCH TaK)[{e napaMeTpbi 1 nonytteHHbie 

npM 38tPMKCHpOB8HHOM 3HaqeHUH - a = 0, <PHT 11 • CooT~eTCTBYJOIIlHH 
2 . . . . . ,.' ·. . :- : .. 

X ,;, 1000 o·aHatiaeT cornacMe ieopnH c aKcnepMMeUToM npM yTpoeHHbiX 

aKcnepMMenTanbHbiX 0~~6KaX~ Ecnn tPMKCHpOB8Tb a = :-llttTO HaM6onee 

) C Jl8HHbiMH 

-MeaoHa ._M oTHOUieHHJO g I g. 

( c "' 0 ), no.ny~aeTcH cnMiuKoM 6onhrnoe 3HatieliMe 
2 . . PJ" p 

X ("' BOOO)x • 

xl 
l1MeJOmMeCH naHUbie no _ nonHpMaauMH B pacnane . A I ... p rr npMBOJlHT 

K npoTMBopettMBbiM 3HatteHHHM a • TaK, B I 151 nonyttaeTCH c 6onbUIOH 
TO'IHOCTb!O a = 0 •. a B I 161 .8 "'-1,5 nonytteHo B npennono)[{eHMM, 'ITO 

gA = gp 
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Bo3MO:>KHO, 'ITO yqeT H3o6apbi c nGocrrnHoM 112 n crrnH:"''IeTHOCTbiO 112-

nnn 3/2- rrpnBeneT K 6onee rrpneMneMoMy 3Ha'leHHIO aHoManbHoro MarHnT-

HOI'O MOMeHT8 :A I ~Me3DH8 1 qeM o _. 1. HarrpnMep, ee yqeT rrpn HaCbi-

meHnn rrpaBnn cyMM Annepa-Bafic6eprepa II03BonneT ynyqrnnTh cornacne 
. /13/-.- , . . . . 

C 9KCIIepnMeHTOM 
I 101 + · .., ++ 

3. KaK IIOK838HO B 1 OCHDBHDll BKnan B peaKUHIO 1T P -> p fl 

naeT rrpn ManbiX yrnax · O* crrnpanhHan aMrrnnTyil~ < 0 i/2\A(O*)Ii/2>. Ha 

pHCo 4 IIOK838Hbl BimaJlbl B 9Ty- aMIInHTYJlY OT OTJlenbHbiX rpaqJHKDB. 

ManMan· qacTb aMrrnnTyJlhi A oKa3bi~aeTcn npeae6pemn~o Mana- (3H~~e:.. 
Hlle x 2 rrpaKTH'IecKn. lie GaBncnT oT MHHMbiX 'lacTefi KoMrrneKcHhiX rrapa-

MeTpDB). Bnn~o. 'ITO rrpn ManbiX e* rrpoHCXDJlHT Bbl'IHT8HHe aMIInnTyn, 

B pe3ynbTaTe KOTOpOI'O IIOBeneane IIOnHDfi aMIInHTYJlhl OIIHCbiBaeTCR 1T 

Me3DHHb!M IIOniOCOM.. 

4. napaMeTpbl' ( Ta6n. 1) 1 3a!jJHKC~ppB8HHbie H3 ycnOBHR COOTBeTCTBHR 
" 6.. . . . . . .+ ·o,.++ 

Ilpef1CK838HHH anre pbl TOKOB H Jl8HHhiX IIO peaKU~H 1T p :+ p u . 1 

MoryT 6hiTb ncrronb3oBaHbi rrpn H3y'leH~n npyrnx cno:>KHbiX rrpoueccoB, 
/, ·' .- .· . . '• . .'' 

IIOnHhlll aHanH3 KOTOpb!X B anre6pe TOKOB MO:>KeT 6hiTb rrpo_BeJleH TOnbKO 

MeTOJlOM a!jJ!jleKTIIBHhiX narpaamnaHoB: aarrpnMep, peaKunfi rrN ... rrrrN 

N " - ++ . rr -> rr u 1236 , yp .. rr tl n npyrnx rrpoueccoB. Bbi'IncneHne B ...: ++ ' /6/ . ·- . - . . / 
KHpanbHOit JlHH8MHKe Ilpouecca yp -> 1T fl B H~. CB06DJlHD OT 

ornn6oK~ 

TaKHM o6pa3oM, rrapaoe pomneHne pe3oHaHCOB 
+ 0 "++ 

rr p .... p u orrn-

CbiBaeTCR B KHpanbHDll JlHH8MHKe Jl0CT8TO'IHO ynoBneTBOpHTenhHbiM o6pa-

30M~ BonbrnnacTBo rrapaMeTpoB rrony~amTcn pasyMHhiMH. Bo3HnKaeT yKa3a-

ane H8 T0
1 

'ITO KOHCT8HT8 l) _ JlOn:>KHa IlpHHHM8Tb . 3Ha'leHne, 6~H3KOe K 

Hynm, 'ITO_ rroncKa3btBaeT uenecoo6pa3HDCTb o6cymneann 6onee TO'IHhiX 

MeTDJlOB orrpeneneHHR 9TOI'O rrapaMeTpa H3 9KCIIepnMeHT8nbHb!X Jl8HHhiX. 
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Pnc •. 4. BKnanhi .npeBec 
HeHHR CIIHpanbHOCTH .<l 
MeTpoB <l>HT 1, ia6n. 



CIIIIH-"ieTHOCTb!O 1/2-

HIO aHOM8J1bHOt'O Mat'HIIT-

ep, ee _y"ieT rrpn aacbi

~eT yny"illiHTb cornac11e 

'+ " '() ++ 
peaKUHJO - rr p -+ p tl. 

~- < o i!2lA(o*Jiil2>. Ha 

!leJ1bHbiX rpa<jlHKOBo 

~pe)I{HMo -Mana ( sa~~e
Tek KOMIIneKCHbiX napa

IT: Bbl"iiiTaHHe aMrrJ111TYll 1 

'Yllbl OIIIICb!BaeTCSI TT 

113 yCJ10BIISI, COOTBeTCTBIIH, 

+" 0 A++ 
TT p -> p JJ. I 

" ' " 

cno)I{HbiX, npoueccoB, 

6biTb rrpoBelleH TOJ1bKO 
" .. :· 

p€JaKUIIif 

ceo B. Bbi"iHcneHHe B. 

II 
He CB050llHO OT 

COB 

3J1eTBOpHTeJ1hHbiM o6pa

:Ibli_HI. BosHHKaeT yKasa

•· 3Ha"ieHHe1 6nH3KOe .K 

KlleHHH 6onee TO"iHbl:l(

:>HMeHTaJ1bHbiX llaHHbl;:tCo 

• I 

i 

PH c. 4~ 'BKnalihr npesecH!;>IX llHarpt:!MM ':( p11c. s aMnnnTyny 6ea lfaMe-

HeHHSI CIIHpanbHOCTH .<0 :ZI2IA (o*JI'J/2> . ~ BbltJ:Hc.ireHHbie c 'Ha6opoM napa.:. 
MeTpoB <I>_HT _1. Ta6n. 1.·. ·" ·, ·"".~ 
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jJ 

li 
,JI 
j:: 
dj 
lj; ,, 
il 
!' 

I, 
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I 

li 

. AaTop'bi 6naroaapHbi H.M. fpaMeHHUKOMy H B~H. OrHeaeuKoMy, no 

· HHHUHaTHBe KOTOpblX BbinOnHeHa aT a pa6oTa1 a TaK)Ke. E.H • Banyeay 1 
. '• ',' ' 

c.E. repacHMOBY H c.r. MaTHHSIHY ~a none3Hble o6cylKJI_eHHSio 

OpHnolKelme 

B cnpaBO'IHbiX uensrx npHaeaeM HeKoTopbie caeaeHHst o MeToJie nony-

qeHHSI· KHpanbHo HHBapHaHTHblX narpaHlKHaHoB. • M bi HcnonbayeM MeTpHKY . . , 

naynH. HaocnHHOBbie BOnHOBbie <PJHKUHH Bbi6paHbl cne~yiOIUHM o6paaoM: 

· r -. . . 1 1 · + ~' 2 i - + · .. :: 3 o · · 
N = ( up) ansr HyKnoHa, " = -:=(" + 7T )o·7T . = -=(" -; 17_) • " = 77 JinSI 

u n · ;,;j2 . · .. . -. y2 . · ·. ·. · 
. 1 i f!.~f!.0/V3 .. · 2 i.- ~++.ff!.0/VJ 3 ·'"3 !!,.+ 

7T --Me30H6 H !!,. =;;2( ~+f/J-1'1_),!!,. = ..;2( ~+/yJ~!!,.:..; ), !!,. =- Yz( !!,.c) 

anSI Hao6apbi !!.12'36 c uaocnHHOM 3/2. 
·- ·, . ', 

1. HenliHefiHbiJ:I:: SU(2)xSU(2) HHBapHilHTHbiJ:I: narpaHlKHaH AnSI ' . . . ~ ..... ~ . . . ~ . 

A , _ P , 77 -Mea~HoB • .06mHJ:I: narpaHlKHaH anSI Me_aoHoB~ HHBapHaHTHhiJ:I:. 
1 : . • ' . ' . . /8 17 18/ 

·npH SU(2)x SU(2) ;.., npeo6paaosaHHSIX1 HMeeT. BHJI ' ·.' . : 
2 . . d 2 . . 2 _2 

· r ·. -+2· -+2 · 1 ·. -... 2 r'P :;2 'A '42 L=--(v +a )'-'--(v· ¢) _, __ v _,_--a 
4 "'" ll 11 2 ll ·. 4 llll 4 llll . • ' 2 ' ' ''· I 

... ..... ··-+ m -+2 · .-:>2 
- d2 "ll" •VEL ¢ x VII¢ - 2 (vll +all)' 
.• . ,. ,' .· . . 

; ... 
rae V /l .¢_ - KOBapHaHTHaSI npOH3BOAHaSI . 7T :-Me30Ha: 

.... .· . .,. ,-'- ., ...... 
V ¢ = all¢ ... all-' cp X IJ/l + ; , ~, 

ll.. . . . ... ·. ' 

... ··~ 

Vll
11

H all 11 - KOBapH8HTHbie poTOpbl ·p H ·A1 - Me30HOB: 

V = a iJ - a V-+ + {[ iJ X if ~ a-+ X a j, 
· /lll ./l II .II /l . · . /l II /l II · 
a =aa-a~+f[i!xi1+ax3]. 
/l_ll /l II .. II /l . /l . II /l II 

BMecTo HHX qacio yao6Ho non&aoaaTbcsr poTopaMH iJ . . . . . . . . . . . . . llll 

CBSI3aHHblMH C ,r 
llll 

H it /lll npeo6paao~aHHHMH: 

18. 

. ,· ... 
H .a ll_ll 

< n. 1 > . 

<n. 2) 

/8/· 
7. t. 

f 

I 
I 

l 
\ 

... ...... -t .... 

~ll" :=-lj.iv T ¢ x. all"";;·~· 

·-~' \ 

rae BblllHCaHbL qneHbl, l 
'•'1;!> 

HCKniO'IHTb He!jJH3H'Ie.CK 

TH'IeCKHe qneHbl1 Heo6J 

.... -J.... _, ;._ .. '·-:'1 
V/l = Zp p/l , all,; Z A (! 

. . 2·. 2 'Yz . ·:,_ 
Zp· A=(r'· +_ r·p-·A) ·., '[. 

~-. • • '~ •>. .... • • 1T 

·' /8/'l 
B oTnH'IHe oT BBO 

. . . ... . :·. . ·._; .. ... ' ,_ :; ' . 
=a ¢ :f: { V X cP o 3aec: 

. fl. ll . . ' 
Hbie· .KOHCT8HTbi: 

j ' 
. -.1 •. -1' • 

'g p ~ Zpf• gA = Z A f, m 

. . 
'aHOManbHbiJ:I: MarHHTHbl 

) 0TMeTHM, 'ITO ne 
'~. . , ' < 'I 

qneHa ~pHBOAHT K;.!jlbp! 

,·: .·. . ::2 - . . _-. 
{g [1m) =.1- {mp· 

Jl!f,_··:e ... ::··~--·-· 
KOTOp8S1 ;;nepeXOAHT B C 
·-::::··:·-: :;.: 2 : ·.:z 
g ::g '.,H.'!"A=2m :. 

A::··P .. _·· :'> . p. 
' Tlocne nposeaeHH! 

" ,, ' ~ ' 

HO-HH.B8IJH8HTHbie .CBSI3: 
'· ' '"" '-. . ·.· .., 

H ( 6). KoHcTaHTbi -£ H 

BHSI, CBSI38Hbl COOTHOIII< 
,. ... ' ' 

,.,.{ ·: . 
, . , , _·_, :. m A 2 • ;,. : 
8 '='~]+ r:--) [J..;. c ( 

. ·. mp 



. H B:H. OrHeaeuKoMy, no 

TaK)Ke. E.H. Banyeay, 

rbte o6cy>KaeHHSI. 

, , caeaeHHSI o MeToae nony

r\i,t HcnonbayeM MeTpHKY 

:bi Clle,llYIOIIlHM o6pa3oM: 

i + - J 0 . 
I,..-:( 1T -: 1T ) ' 1T = 1T llllSI· \12 . . 

- . - + 
!:J.Of..jJ ), !:J.J =- ..;..;. ( !:J.,) 
i+t:J.~ 2. !:J.O, 

blit _llll:r'p8H~H8H llllSI 

nH Meaoaoa; HHBapHaHTHblit 
. /8, 17,18/ 

'Hll . . : 

:;2 
·a 

llll c n. 1) 

:~aoaa: 

en. ~) 

.teaoaoa: 

lMH iJ /lll 
... 

H .a /lll 
/8/ . ' 

c n. s) 

rae al>ti:mcaHb;,,qneHbl, B HHame~. rion~M. }JTo6~t 
'F ~·~__. ... , .·:.; •• ·."'" • ,; '.·:, '·~--··_:~_!~,, ( ·.· ....... '.,"' ,: -+ o •-+ : .' :.-,'. • •: >,' 

HC}(IIIO'JH'fh. aelj>H3H'Ie.cKyiO•.CB;Siab c all all cp H :npaBHilbHO HOpMHpOB8Tb. KHHe-
.. .·, ,._ .• ·, ,.. . ' ' . .· . . < : .. · . ' ·. . ·, 

TH'IeCKHe 'llleHbl1 He06XOllHMO 
, .. ,, 

Hbte'_ ,KOHCT8HTbl: 
,.· ;.'.; 

! • ... ,< •• •• :·~~ t_~-~.i~-':.. . ! '. -1 > .-~ 
. gp·=Zpf'}A =ZA {, C n. 5) H 

. :· -~- ' 

. . ) 0TMe~HM, 'ITO n~peaop~HpOBKa · TT 
. . . .: : ~: _. . ·. - . ,, . . ' ' . . ; _•. " :.: : ", ' 

'llleHa JipHB~ll~; 1K;'.p6pMy~~ ~-. -·· ._ .. · .. · . 

-Me30HHO:r'O KHHeMSTH'IeCKO:r'O; 

• . ' 2 \ 2 

r~P.~/~J{:,,7 .L- /fflfl~~~(~"J/N~L:::· 
KOTopast nepeXOllHT B cooTaollieaHe KaBapa6asnuH:-CyayKH, ecnH fiOIIO}I(HTb 
-<;_{;;l:':·c···;i:·:;.··rci·,·.. . ·2 " · .. :io;··•,_.:-::.~'.1 ' '· .,., .,,. 
g ·= g, '>;H .m .=2m-- -· 
A;i<P'<.':~-~·-:;;~_;A , .').f. : ,··. ;, , ,, 

' : Hoene npoaeaeHHSI npoueaypbt nepeaopMHpoBKH nony'laiOTCSI KHpanb-
.. __ .,_:·~::._~~:·~-"-~-~ '::~.··,·· ;-.,t·.~<""''' l'·i,'"':;O,'~ ·>'~-, :·.:;-' ""','~,-·,,, •,·• , 

' ~~~~~':l~?~?a;Hble CBSISH n~~-- prr~ • . ·_ H ~!.P~ ~CHCTeM, ¢opMyllbl (4) 

H. (6) •. _J(oHCT8HTbl £ H lf' _1 . BXOllSIIIlHe B H·. A
1
prr- B38HMOlleilcT-

.;·," 
BHSI1 . CBsJ3aHbl .. COOTHOW9HHeM 

•'' ••• "' • ' ' < . -

.n. ·7) 

:1 
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.,., ·,~, '( 3,)· /12/· ' ' ' 
KOTopoe nepeXOilHT B. 't'OPMYIIY · 5. · H3 . · · 1 eCIIH noTpe6oBaTb OTCyTCT-

,, . ' '· ...... , . . . . . . . ''. " 

BHe TpHIIHHeiiHOfi KOM6HH8UHH npoH3BOilHbiX B p1T1T ,,;..CBSI3Hj. T~e. E = 0 • 
: . ' ' '· ' ' 2 _. -1' . ,' ' . ' 

KolicTaHTa; C·= [(mp,fgp {17 )-ll paBaa l,'ecnit' Bbii'!DIIHSJeTcSI cooTHollleHue 
-

. KaBapa6aHllln-CysyKu.; KoBapuaHTHaH .npousBOJlHaSJ·" -MesoHa npuHnMaeT 

nocne npeo6paaoBaHHH ( :D.,, 4) BHJl: 

• ......,. .-........ ·~ • -+ .... < •-+ ~ 

V p. 1r = {
17

(C+lJyp.cP .= ap. ;.,-[
17 

g;,..(~+l)Ap.·- gp ";x Pp. ~·::- · '. 

,, : - : :, ' ; '. 2 ' ' .. ' 

rile C '+ J=: (mA-gp~~pgA), . ,:,non~'!aeTCR H3 (H. 6)_! . , 

2. SU(2).xSU,(2) 'HHBapua~T1Ibre · 6.6.~ , i.Np, .:· 6.6." ..;CBSI3H. , 
,, , , . . ,, ' . , I 

CB~6o~HblH n~rpaH:lKHSH iliiSI nOIISI' co'''cirHHOM '3/2 Bbi6upaeTCSI '13' COOTBeTCT.-

... 

Bun c BHilOM nponaraTopa •( 9):' 
- . : . ,' ' . • -+ . ~ {\ ; .. ,-:·: ,• "; .... 

LtJ,tJ. =-lia [(yp. 8af3, ~Yf?.8ap. ~Ya 8.(3p.~ Ya Yp. :Ytf'ap. 6.{3+M6,(~~{3-.y,;_ y{3J~&J;' 
. ; ·-' " ;;. ; . . : . ': . ·,~ . . ~-. --. .;~ ' .. ~ ' ·. -· " . . 

MunuManbHoe 6. 6.p -;BsauMolleiicTBne! 'nony'laeTcSI 

a~ ;.{3 ~ ap. ;.{3~ ig/[4:-( -;"p:}!~ {i p: X .~;.{31'/ ,. , ' ' 
, • • j :; ' ,,"hy t 1 :" ..... ·.< :: -'~-~ . ' _;~:,~/:··-:'j '~-~: ,..:..-· :.-+ .;.-~ .,_ 

L f16.p = i g; 6.a ~'Yp.. 8a{3-y {3 8(1Jp. -·ya 8{3p. + ya yp.'¥3}[ 2 (~P P.. /~{3+i:p/L ~.~13,1: 

,·: ~ 

( IJ, 9) 

... 
. . rile · r -uaocrinHDBbte MaTpHUbi. · 
; :' . ' ' ~ . ' '·' ' ' ':: ., 4/ 

B Jlyxe npeJlnono:lKeHHSI. o MaKCHMallbHOl1 rnal:lKoCTH BKIIIO'laeTcSJ 

·;.~c)~~·K~ ~3~~itbae'nC:iBH~; 6es!. np6H~B~IlHblX OT GapHOHHb~X non~ti' H co~~p-

'· 

:lKaruee' He 6onee nepBbiX npOH3BOAHbiX OT Me30HHbiX ir~m~A.- 06mag •KHp~llb~ 
"' . ' ; ,.;,·:·' ' ':: ' •, ; '.<: ~j . 

HO-HHBapHaHTH8H CBSI3b1 YAOBIIeTBOpS110IU8SI TaKHM yCIIOBHSIM H BKIIIO'l810IU8SI 

Ta~:lK~ B~aHMOileAcTBHe 'sHe MaCCOBOH noBep~HOCTH -·~;o6~pb~-. -~~DHCbiBaeT-
cSI a :Bune: 

.;,_.._;. 

.· 
. ,. . .!£._... . ' 

\ / 6.~p ~' mp /),a ( _, P.~cy-118a{3 + cl 
8ap. 8~11 +a y .. y~8 +a*,·y y B~ :) . . ·· ('DJO) 

1-' 2 11 ,.., ap. 2 ' a p. ,..,v , · . " · · 
. ',·-

' ,· 1 ... .... ... ... .... 
·[2-(rp )tl~+iP. x6.a_1· p.11 ,.., p.ll' ,.., 
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tltlp ~B38HMOA~HCTBHe 

. 3 -:-:!+ A , •.. 

L 6.6.p =i2gp6.a (p 8a{3;:J 

. AHanorn'!HbiM o6pa~oM 

!J.N p H 6,/),; -CBSI3H: 
. g k* :;• •. 

L llNp =- k·6.a(Yp. ~ 
. ' p .. , 

. i h :; ' 
L 6,!), =--·ll (Y. 8, +c 
• 1T · m 17 . a p. af3 . 

,,.,,' 

BKriari B . peaKunro "+I 

. g k* --
L - __ ._,.J.. t·.+r 

llNp- 2Mp· v3 ··.a,Y1 

H C y'leTOM AOnonHHT€ 

ih 3~++ 
.L AA =--v-tl ( · uu" . m
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JIH noTpe60B8Tb OTCyTCT-

Tr, -CBH3H1 Toe• f = 0 , , 

:,monHHeTCH COOTHOWeHHe 

rr ,. -Meaona npHHHMaeT 

n. 6). 
l, :; 

Np I. l:ll:lrr , . . -CBH3H, I . 

Bii6n:paeTcH B cooTBeTCT.-

~H aaMeaoll: 

.. 
:>' '-+. ~ ',.~ ;' ( IJ, 9) 
ll ~.l:l f3 +i p P..x l:lf3], 
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13
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. . ih :; . . 1 .... .... .... 7 .... 
Ll:ll:l =-.-... f:l (Y. s13. +a y,/30' +'a*y•8{3 +a Y. Y,,·r.{3)y [-

2
(rV rr)l:l +iVTTxl:l

13
].· 

Tr .· .· "! 17 ·: a p. a . , 4. all . : 4 a, . . p. 5 a r 5 p. {3 p. 

Bxriall B' peal<umo 1T + p ~·. p 0 l:l + +' ·' naeT. CBH3b 

. :k* -
'.g .. '• 2 + . . ·. ',, 

Ll:lNp=~..,jTI1a(Yp.Baf3 +aJ ya.y{3yp.·)y5ut> Pf3p.' 
p ' 

c n~ 13). 

a c y'leToM aononnaTenbHoro ycnoBaH. ( lO) 'cBHab: 

ih 3~+1 '. . . ·' ,'',+· .• + 
Ll:ll:lrr =-m"vy.~~a (yp.8a~+a4 y{38a~ )y5 l:l{3ap. rr 
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