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1. BeeoeHue 

Cy~eCTBOBaHHe BeKTOpHbiX Me30HOB B npHpO.l{e, HX CBJI3H 

C 3aKOHaMH coxpaHeHHJI H YHHBepcanLHOCTLIO B3aHMO,l{eHCT

BHH I 1 I HaBO.IJ.JIT Ha MbiCnL, qTo An .II nocne,IJ.oaa TenLHoro no

CTpOeHHJI BeKTOpHOH TeOpHH HepeHOpMHpyeMbiX B3aHMO,l{eH

CTBHH C CaMoro Haqana He06XO.l{HMO npHBneKaTL MeTO,IJ.bl 

HenoKanLHOH TeOpHH non.11 
121 H nocTynHpOBaTL, qTo HCTOq

HHKOM HenoKanLHOCTH B3aHMO,IJ.eHCTBHJI cny~aT BeKTOpHble 

non.11. 0.l{HaKO B CHny Tpe6oaaHHJI rpa.l{HeHTHOH HHBapBaHT

HOCTH He BCe BeKTOpHble non.11 B3aHMO,l{eHCTBYJOT HenoKanL

HO, a TOnLKO HeHTpanLHble non.11, TaK KaK BBe,l{eHHe HenoKanL

HOCTH BO B3aHMO,l{eHCTBHe 34MIJeKTHBHO npHBO.l{HT K TOMY, 

qTO B P.IIAY TeOpHH B03My~eHHH H3MeHJIIOTCJI nponaraTOphl 

BeKTOpHbiX noneii 
121 . 

B HacTo.ll~ee apeMJI H3BeCTHbl cneAYJO~He HeiiTpanLHhle 

aeKTOpHble non.11: 

A 
1
)xj - 3neKTpoMarHHTHoe none; non.11 p0 

, w , rp , r/1(3105)? 
H AP· cHnLHOB3aHMOAeiicTBYJO~Hx aeKTopawx qacTHU; zo -
aeKTopHoe none, CBJI3aHHoe c HeiiTpanLHbiM TOKOM cna6oro 

B3aHMOAeiicTBHJI a MO.l{enH BaiiH6epra. 

BBeAeHHeM HenoKanLHOCTH B 3neKTpoMarHHTHoe none 

AIL(x) r.B.EiilHMOBbiM 131 6blna nocTpoeHa HenoKanLHaJI 

KBaHTOBaJI 3neKTpO.l{HHaMHKa, YAOBneTBOp.IIIO~JI OCHOBHhiM 

npHHUHnaM TeOpHH non.11: YHHTapHOCTH, rpa.l{HeHTHOH HHBa

pHaHTHOCTH, MaKponpHqHHHOCTH, KOBapHaHTHOCTH HKOHeq

HOCTH. Jionee TOro, B paMKaX HenoKanLHOH TeOpHH r .B.EiilH

MOBa 6blnH nonyqeHbl orpaHHqeHHJI Ha 3neMeHTapHwe AnHHLI 

f w - cna6b1X H f em - 3neKTpOMarHHTHbiX B3aHMO,l{eHCTBHH 

-15 
$ 10 CM, e < 1o-15 

em -
CM 
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Ha OCHOBe 3KcneyuMeHTaJILHbiX )l,aHHbiX npH BLICOKHX B HEl· 

KHX 3HeprHJIX I 4 • 3)l.eCb f J. r em ) xapaKTepH3yeT o6-

JiaCTL, r)l.e CJia6oe /3JieKTpOMarHHTHO~/ B3aHMO)l.eHCTBBe 

CTaHOBHTCJI HeJIOKaJILHLIM. 

3TOT 3KCnepHMeHTaJILHbiB 4Ja,KT rOBOpBT 0 TOM, 'ITO 

BUOJIHe B03MO>KHO C~eCTBOBaHHe e,ll,HHOB ci>YH.D.aMeHTa.JILHOB 

)l.JIHHLI A= rw- e em- e S't )l,JIJI acex THUOB B3aHMO.D;eiicTBHii:, 

HMeJOIUeB 6onee rny60KHB ci>H3H'ieCKHB CMbiCJI, 'ieM Mbl 

ceiiqac npe,ll,nonaraeM. 3ta yuuaepcam,uas .D.JIHHa MO)I(eT 

6LITL CBJI3aHa C MaKCHMOHOM /S/ HJI.H CO CTOXaCTB'ieCKHM 

xapaKTepoM caM oro npocTpaHCTBa- apeMeHH 
161. llo3TOMY 

npe)].cTaBn.HeT 6oJILwoii HHTepec nonyqeuue BHcl>opMaUHH 

0 BeJIH'iHHe est , r)l.e f st - 3JieMeHTapHaJI ,ll,JIHHa CHJILHOrO 

B3aHMO)l,eBCTBHJI. 

B uacTOJIIUee apeMJI oTcytcTBHe e,ll,HHoro onucaHHJI npo

ueccoa CBJILHoro B3aBMO.D.eiicTBHJI npBBO.D.HT K TPY.D;HOCTJIM 

BBe,ll,eHBJI HeJIOKaJILHOCTB B 3TO B3aBMO,Il,eBCTBBe. TeM He 

MeHee eCTL HeKOTOpble YHBBepcaJILHble COOTHOWeHBJI /ua

npBMep, )l.BCnepCBOHHLie/, Bblpa)l(aJOlUBe Ba)I(HOe Tpe6oBaHBe 

B3aBMOCBJI3B Me)l()l.y pa3JIB'IHLIMB ci>H3B'ieCKBMB npoueccaMB, 

nony'ieHHLie B3 HaB60Jiee 06IUHX npBHUBUOB JIOKa.JILHOH KBaH

TOBOB TeOpBB, B MO)l.eJIB, OCHOBaHHble Ha CBMMeTpBB, 

YHBBepCaJILHOCTB B COXpaHJUOlUBXCJI TOKaX /HanpBMep, MO· 

)l,eJIL BeKTOpHOB ,ll,OMBHaHTHOCTB/, npoaepKa KOTOpbiX npB 

BbiCOKBX 3HeprBJIX /Ha MaJibiX paCCTOJIHBJIX/ Tpe6yeT qac

TB'iHOrO BBe,ll,eHBJI HeJIOKaJILHOCTB B TeOpBIO CBJILHOrO B3aB· 

MO,Il,eBCTBBJI. 

~auuas pa6oTa noCBJilUeHa nonLITKe BBeCTB uenoKaJIL

HOCTb qepe3 BeKTOpHLie UOJIJI B TeOpBIO CBJibHbiX B3aBMO· 

,ll,eBCTBBB Ha OCHOBe MO,Il,eJIB BeKTOpHOB ,ll,OMBHaHTHOCTB B 

BLI'iBCJieHBJO aenB'iBHLI 3JieMeHTapuoii .D.JIBHbl est . Hccne

.D.OBaHLI pacna)l.bl W--> 3rr, W--> TTy B paMKaX MO)l,eJIB BeKTop

HOB .D.OMBHaHTHOCTB B nonyqeuo orpaHB'ieHBe ua aeJIB'iBHY 

est' est :::;, 10-14 CM. 

2. Jlponaza1110p HeAOI<aAbHOZO eeK1110PHOZO nOAJf 

HeJIOKaJibHOCTb B TeOpBIO CBJibHOro B3aBMO,Il,eBCTBBJI 

BXO)l.BT qepe3 noJIJI B /X' est ) ,ll,OMBHBPYJOIUBX BeKTOPHLIX 

4 

ueiiTpanLHbiX 'iaCTHil. ITo onpe,ll,eneHBJO, sx xpouonorsqecKBe 

CBepTKB onpe,ll,eJIJIIOTCJI CJie,ll,YJOIUBM 06pa30M: 

DILV (X- y) =< 0 IT I B ll (X , e st) 'Bv ( y ' e st ) II 0 > = 

= 1 4 
(2rr)4i f d p 

g ~VI(-p2f2)- PflPvv (-p2e2 
ll st m2 2 st ) . 

-lp(x-y) 
e , 

2 2 . m -p -u 

/1/ 

r,ll,e Vi ( Z) - UeJible ci>YHKUBB B KOMUJieKCHOB Z ·nJIOCKOCTB 

KOHe'iHOrO nopJI)l.Ka pOCTa -t 5: p < oo , Y.D.OBJieTBOpJIIO[UBe 

ycnoBBJIM 121. H3MeHeHHblii cornacuo cl>opMyne /1/ BeKTop

HLiii nponaraTop D ~v(x) B eBKJIB.D.OBOM x -npocTpaHCTBe 

3aUBCLIBaeTCJI B BB)l.e 

E x2 _l_ x2 a2 c 
D,v(x)=[g WI(_,-)+~W2(2) ]~E(x). 

r- pv e m e ax ax 
st st ll v 

3)l.eCb W. (X 2 / f 2 ) - HeKOTOphle «i>YHKUBB, 
1 st 

.k 
~c(x) = _1_ f d4k el ~E_1 ___ = _m_ 

E (2rr)4 E m 2 + k~ (2rr)2 

K I (myx 2) 
---

yx2 

E 
MLI paccMa TpBaaeM cnyqaii, Kor )l.a WI = W 2 , T. e. D pv ( x) = 

= w(.£)0° {x) 
2 /LV ' 

est 

.k 
oo ( x) = _1_ f d4k e I ~E 1 [g 

pv (2rr)4 • E m2 +k2 pv 
E 

---- 1= 

-- - 1 
=-Llg [K {myx2)-3K2 {myx2 )]2+ 

(2rr) 2 /LV 3 X 
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X X 
+ _P. v 

x\fx2 m K3(my'x2 ) I. 

3)J.eCL 

~ 
0( u a) npH 

W(u) = 

1 + 0 ( exp I - u Y I) 

/2/ 

1 U->0,a>-, 
- 2 

/3/ 
npa u __. oo , 

r.D.e y=p/ (2p-1)> -t JJ.JIJI p > ~ H W(u) =1 

1 

npa u > 1 

)J.JIJI p = - . 
2 

2 2 
HcnOJih3YJI COOTHOWeHHe /2/, BWpa3HM V. (kEf ) qe· 

1 st 
pel W(u). Tor.D.a 

2 2 2 2 2 
gp.vVI(~fst) -Jvkp.V2(kEfst )/m 

m2 + k2 
E 

g 00 

_e_f drl[rmK 1 (mr)+K2 (mr)] x 
'kT 0 V E 

2 m 2 r 2 
x J (ry'k )- --==K3 (mr)J2 (ry'kE)IW(-

2
-) 

I E y'~ f 
E st 

k kv oo - 2 
__ P._=:=-mf drrK 3 (mr)x J

3
(ry'k2 )W(-r-). 

k2y'k2 o E f2 
E E st 

/4/ 

Y'IHTLIBaJI COOTHOWeHHJI Me)((JJ.Y ~HJIHHJJ.PH'IeCKHMH cilYH~HJI· 
MH H yCJIOBHe /3/, HHTerpHpyeM DO 'laCT.IIM; )J.aJiee, C)J.eJiaB 

6 

·J 

\ 

\} 

' 

r2 
3aMeHy nepeMeHHLIX U = ---, BOCllOJIL3yeMC.II npe)J.CTaB-

f!t H 
JieHHeM cilYHK~Hii Beccen.ll, nony'IHM JJ.JI.II cilYH~Hii V i , 

YJJ.OBJieTBOP.IIIOJnHX ycJIOBHIO v H •. (- m2 e 2 ) = 1 ' CJie)J.yroJnHe st 
BLipa)((eHH.II: 

k2f 2 ' 
. -{3 . (- - st ) (J' k2 / 2 

V. (-k2o2) 1 -Ioo 4-- v. "'' ) v. (Om) 
1 L = - I AJ' 1 1 ' 

st 2 i us --:;-;:. :-~:;-;::;-;;--:-:-------
-{3+ ioo SlOTT' r {1 +t;) 

/5/ 
r.D.e 

2 me st 00 -

r (3 + t;) v 
1 
( t;, k ) = -:r- / d u 13 t; (2 + t; ) K I (m f st y' u) + 

4t; +6 -
+ 2 yumfst K2(mfstv'u)+ 

k2f2 u t;+f 
+ '" K

3
(mf yu)lu W'(u), 4 st 

2f2 f -
r(3 +t;)v (t;,k2)= ~ f du I m st y'u K fmf v'U)+ 

2 2 
0 

" :f st 

m2 _ t;+l 
+t;-

2 
K2(mf y'u)IU W'(u). 

f st 
st 

3. BepoJI•Hoc•t. pacnaoa w __. 3 rr 

)J;aarpaMua ~eiiauaaa JJ.JI.II :noro pacna.D.a npHBeJJ.eHa 

aa pac. 1. 
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,Jr 1[/ 

cr~, / 
,/t 

w ', 3[ 

' f3' 
Puc. 1 

3anHWeM narpaH)I(HaH BJaHMo~eiicTBHB Hamero npon;ecca 
B OT~eJILHbiX BeplliHHax: 

. e ~ 
f ar:p(y, st) a¢ ) p77w ( -- , ~l(y)= ---(a{3vp. (l)a ay ayfl. 
mw v 

~ 

~2(x) = f p (x, e H¢ X _a¢ ). /6/ 
p1717 0 st a xo 

Ma TPH'IHblii JJieMeHT S - Ma TpHn;bl ~aeTCB Bblpa)l(eHHeM 

M = < f I S 1 i > = i 
2 ff d 

4
x d 4 

y < f L T [ ~ I (y ) , ~2 ( x) ] I i > = 

f f 
1 1 P "" P "w . k D- (k) =--- f eq {3 x (2 )2 4 _1---- a{3vp. a Ip. v a 
17 m w v Poq IOq20q30 

X 
(4) )' 

( q 3 - q 2 ) 0 ( p- q I -q 2 - q 3 ' /7/ 

8 

r~e e - BeKTop nonBpHJan;uu w·MeJoHa H D{3 (k) onpe-a. a 
~enBeTCJI I}JopMynaMH /4/ H /5/. 

Y'IHTbiBaB..! 'ITO kp. (q3 -q ) = 0 H no~cTaBJIBB B /7 I BBHLiii 
Bill~ l}lyHKIJ;HH D {3 0(k) no t<fpMynaM /5/, nony'IHM cne~yro
IIJ;ee Bhlpa)l(eHHe ~JIB BepOBTHOCTH pacna~a C TO'IHOCTLIO ~0 
qneHoB nopB~Ka O(k 4 f 4 ) /oqea~Ho, K2< m~ .• /: st ~ 

2 2 
f p 1717 f p 17W 

24 m2 
(1) 

1 ~e2 2 
(m2-k2)2 0+-_stvi(1,k ) p 12 --)x 

1 1 W=----
(2s. +0 (277) 5 

I 

x ! f f • e e q q k k ( q q ) ,i ) si a{3vp. pKaA a P lp. lAva 3-2f:fq3-q2K. 

p p 
CyMMHpoBaHue no nonBpHJan;HH w·MeJoHa (!e ep = g P- .JL/-) 

s a a m 
i (1) 

H HHTerpHpOBaHHe no I}JaJOBOMY 06oeMy ~BYX 'laCTHIJ;~aeT 

f2 2 
1. f w = - P17W p1717 

9 27 174 

1 
m2 

(1) 

f~cbl. 1 
q 1 0 p (ro2 - k2 )2 X 

0 p 

es~k2 vl (1 ,k
2

) ) ./1 4m~ (1-4m;_) 
X (1 + y - -~ -;,- X 

12 k k 

2 2 2 2 
m qiO qlO m" 2 2 2 

x[3(1 + _:::JL )---- 0+ -) ](q -m ). 
m2 m m2 m2 IO 77 

(1) (1) (1) (1) 

llepexo~B K cucTeMe noKoB w -MeJoHa u npo~enaa Heo6xo
~Mble qucneHHble pacqeTbl, nony'IHM 

f 2 • f 2 

W(w->377)= P"W__f!_~ [Q2
m S 0(1-0,2m~ .. e 2 )], 

16 77 2 m 2 w ~ st 
(1) 

Q =321 M:JB, S 0 :;;; 0,5 /8/ 
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WI.R npocToro 4JopM4JaKTopa V (z) nop.R,nKa poeT a p = 1/2 , npH 

KOTOpOM W(u)=O(u-1). 

4. BepoJUIIHocmb pacnaoa w --+rry 

MaTpH'IHbiH 3neMeHT S -MaTpHIJ;bl, COOTBeTCTBYJOUUIH 

,IJ;HarpaMMe puc. J, BO BTOpOM nop.R,IJ;Ke MO:>KeT 6b1Tb 3anHCaH 

B BH,IJ;e 

--+ 
.)2 em2 4d4 fJTI 

_ ~ f ...:...:.:_p_ ff d X Y < f af3v ll M - 2 prrrr f 
apR a¢ 

w (.........:....L. --)x 
a ayv ayll mw p 

x p (x) A K (x) II i >. 
K 

JaMeTHM, 'ITO 3,IJ;eCL He HY:>KHO BBO,IJ;HTL HenoKanLHOCTb B 

none p-Me30Ha, nOCKOnLKy B 3TOM cnyqae p-Me30H CnJ)I(HT 

CBOeo6pa3HbiM MOCTHKOM Me:>K,ny CHnbHbiM H 3neKTpOMar

HHTHbiM B3aHMO,IJ;eHCTBH.RMH. 

llpo,nenaB Bbi'IHcneHH.R, aHanorH'IHhle npHBe,neHHhiM Bhl

we, nony'IHM cne,nyroi:u;ee Bblpa:>KeHHe ,nn.R Bepo.RTHOCTH pac

na,na w --+ rr y : 

2 
f p TTW 

W(w--+rry) = ~ 25_ (m~ _ m; )~ 
12 

0THOWeHHe K BepO.RTHOCTH pacna,na W --+ 3 TT /8/ COCTaBnJleT 

W ( w--+ rr Y) _ w ( 1-0 2m2 f 2 ) , r = ----- 0 , w st 
W(w--+3rr) 

/9/ 

r.ne f 2 f2 
Wo =as/ ( _prrrr. _P_), 

4rr 4rr 
s-100- 4Ja30BOe npOCTpaHCTBO H ,npyrHe KHHeMaTH'IeCKHe 

MHO:>KHTenH. 3KcnepHMeHTanLHOe OTHOWeHHe 

10 

1 

r · = < 9 ± 1 )% = o 1 ± o 01. 
SKC 90% , , /10/ 

C ,npyroi CTOpOHbl, B cuny Tpe6oBaHH.R YHHBepcanLHOCTH 

BeKTOpHOrO Me30Ha B MO,nenH BeKTOpHOH ,IJ;OMHHaHTHOCTH 

,IJ;On:>KHO BblllOnH.RThC.R ycnOBHe 

f prrrr= f p NN= · · · = f p 

npH Manblx nepe,naBaeMbiX HMnynLcax , a 3KcnepaMeHTbl 

no H3MepeHmo wapHHbl pacna,noB p--+ rr + rr- , p .... 11 + 11- H rr N .... rr N 
,naroT 

fpf prrrr 

4rr 
= 2,3 ± 0,3; [ 1 (p __. 11 + 11-) = (5,1 ± 1,2) .105 

] ; 
l ( p --> TT+TT-) 

f2 
--E.!!.!!_ = 2,5 ± 0,1 ; 

4rr 

(i(p->TT+1T-) = (128±5)]; 

OT cro,na f P • f P " " I 4 " ~ 2 -:- 3 . 

f p TTTTf p NN-
----
4rr 

= 2,85 ± 0,3' 

Tor,na, npHHHMa.R BO BHHMaHHe paBeHCTBa /9/ H /10/, 

nony'IHM cne,nyroi:u;ee orpaHH'IeHHe: 

- -14 
f < 10 CM 

st 

B paMKaX MO,nenH BeKTOpHOH ,IJ;OMHHaHTHOCTH. 

j[ 

' Cf \. '\ 

(.A) 
K 

Puc. 2 
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B 3aKmo1.feuue Bblpa:>KaeM rny6oKyJO 6naro,IJ,apuocTL 
yqacTHHKaM ceMHHapa HncTHTyTa <iJH3H~H H TexnHKH AH 
MHP 3a none3Hble o6cy:>K.IJ.eHH.R, a TaK:>Ke .IJ.OKTOPY r .B.E<Pu
MOBY H B.r .ManLIWKHHY 3a HHTepec K pa6oTe, CTHMynHpYJO
llUie o6cy:>K,IJ,eHH.R H 3aMe1.faHH.R. 
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PyKOITHCh nocTynuna a H3,IJ,aTenLCKHH OT,IJ,en 
29 .RHBap.R 1976 ro,IJ,a. 

Y CJIOBHll 06MeHa 

DpeDPJOITW a coo6JQeaaa OHJIH paccWJJ&IOTCJI 6ecDJJaTBO, aa ocaose 
B3&BMIIOrO o6ueaa, y&HBepCBTeT&M, BBCTBTYT&M, JJa6opaTOpBJIM, 6&6-
JlBOTexau: a aaytiiiWM rpyooau 6onee 50 cTpaB. 

DoUBuo perynapaoi paccWJJJCa B nopaJUCe o6ueaa, B3JUI.Tem.ciCd 
•oT,AeJJ e•ero.A&o swooJJBaeT OICOJJO 4000 OT,Aem.awx 3anpocoa aa aw
CWJJICY npeopBBTOB a coo6UleBBi OHJIH. B TaiCBX 3anpocax cne,AyeT 
o6a3aTem.ao YJC8.3WBaTJ. aa,AeiCc 3anpaJDBaaeMoro B3JUI.BBJI. 
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Dac~o:Ya oo sceu aonpocaM o6ueaa ny6JJBIC&D;B.BMII, a TaiCllCe 3anpo-
cw &a OT,Ae.DJ.BWe B3,A&BB.B CJJe,AyeT &aopaBJJ.BTJ. DO &,Apecy: 

101000 MocKea, 
r .1106HWil nO'IIraM., n/ Jl 79, 
H3c>a•eAt.CKUil o•c>e.11 
061Jec}uHeHHOZO UHC.U.)/110 
Jlc}epHWX UCC.Jiec}060HUil. 

A,Apec AJJ.B nocWJJJCB acex ny6.DBIC&Ild a nop.aJUCe o6Meaa, a T&ICllCe 
AJJ.B 6ecnnaTaoi DOJliiBCICB aa aayl.fBwe llCypaanw: 

101000 MOCIC8a, 
r.~~aeHwil no.,•aM•, n/11 79. 
Jlay'IHo-•exHu'leCKOJI 6u6.11uo•e~ea 
061>eOUHeHHOZO UHc•u•)/110 
Jlc}epHWX UCC.Jie(}oeaHUil. 


