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CH JIYHn ( OH.HH), T.K. BbiopaaaaSI Bhiiiie MaTeMaTH'iecKaSI 

MOaelih KaHana aaeCb HellpHMeHiiMa. neno B TOM, 'iTO C 

uenhiO yMeHbiiieHHSI aaKyyMHoro oo'beMa aayTpb ycKopSIIOIIlero 

KaHana a CHJIYHne acTaaneHa Tpy6Ka, npeacTaanSIIOIIlaSI co-

6oii pSia aHaneKTpli'ieCKHX KOneU C MeTannR'ieCKHMH npOMe

*YTKaMH Me*llY HHMH. TaKHM o6paaoM, ycKopSIIOIIlliH KaHan 

Cl1JIYHna npencTaanSieT coooii cHcTeMy c nepRoaH'ieCKiiMH 

rpaHH'iHbiMH ycnoBiiSIMii: MeTann - aHaneKTpHK. B TaKOH 

CHCTeMe, B npHHUHlle, BOOMO)!{HO B03HHKHOB9HHe MenneHHbiX 

aneKTpoMarHHTHbiX aonH. Ecnli 4JaaoaaSI cKopocTb aonH MeHb

IIIe, 'ieM HeB03MyllleHHaSI CKOpOCTb HeMoaynlipOBaHHOrO 

aneKTpOHHOrO ny'iKa, TO B03HHKalOIIllie B llY'iKe 4JniOKTyaUHH 

nnoTHOCTii aapSIAa MoryT pacnpOCTpaHSITbCSI B BliJle BOnH 

C aapacTaiOIUeH aMnnHTyaoH, 'iTO H CBHaeTenbCTByeT 0 

HeycTOH'iliBOCTH nyqKa. 

BnepBbie KonneKTiiBHOe B3aliMOaeiicTBHe aapSI)KeHHoro 

ny'iKa c nepHOJlH'ieCKOH aaMeanSIIOIIleH cTpyKTypoii obmo 

paCCMOTpeHO B paooTe/2 / • noKa3aH0 1 'iTO ycnOBiie Heyc

TOH'iHBOCTH ny'iKa coanaaaeT c ycnoaHeM qepeHKOBCKoro 

Hany'ieHHSI oTaenbHOH qacTHUbi B aaHHOH CliCTeMe. EbinH 

Bbl'iHCneHbl liHKpeMeHTbl HeyCTOH'iHBOCTii ny'iKa B UellO'iKe 

CBSI3aHHbiX pe30HaTOpOB H B JllianeKTpH'ieCKOM KaHane anSI 
aKCHanbHO-CHMMeTpli'iHOH BOnHbi. B nalihHeHIIIeM aTH .HaeH 

nonyqHnH pa3BiiTHe B oonbiiiOM KOnli'ieCTBe paoOT, llOCBSI

IlleHHbiX aHa4JparMHpOBaHHbiM li nna3MeHHbiM BOnHOBOaaM 

( o6aop 131 ) • 
B HacToSimeii paooTe paccMaTpHBaeTcSI B nHHeHHOM 

npH6nH)KeHHH npoaonbHaSI ycTOH'iHBOCTb 38MarHH'ieHHOrO 

aneKTpOHHOrO ny'iKa llO OTHOIIIeHHIO K aKCHBnbHO-CHMMeT

pH'iHbiM BOnHaM B nepHOJlH'ieCKOH CHCTeMe MeTann - JlH9-

neKTPiiK. 

2. Bbmon aHcnepcHOHHoro ypaBHeHHSI 

l1cxoaHaSI CHCTeMa ypaBHeHHH COCTOHT H3 rHapoaHHa

MH'ieCKHX ypaBHeHHH aBH)!{eHHSI H HenpepbiBHOCTH anSI qac

THU nyqKa u ypaBHeHHH ~aKcBenna anSI nonSI 

4 

d -. 4 e __,. __,. 
--(rn y v)=eE+-c [vH], 

clt 
( 1 a) 

E.£.. + div J = 0 
dt 

rot E: = _ .1. a a cat 
-> -> 

rotH =_l_ aD + 4 77 7 
c at c J • 

( 16) 

(1 B) 

( 1 r) 

rae D = f E , B = 11H - f , 11 - aRaneKTpH'IecKaSI H Mar HHT-

HaSI npoauuaeMOCTb cpeJlhi. 

Ocb z HanpaBHM Baonb ocH ycKOpHTenSI. EyneM C'IHTaTh, 

'ITO BtJ.Onb OCH oz npoXOaHT MOHOaHepreTH'I9CKHH 38pSI)!{eH-

HbiH ny'IOK 1 CKOpOCTb KOTOporo paBHa Vo 1 8 paBHOBeCH8SI 

nnOTHOCTb cnanaeT C pOCTOM panHyCa TaK, 'iTO p
0
(a}=0 • 

ny'IOK c4JoKyC!ipOB8H B nonepe'IHOM HanpaBneHHH llOCTOSIHHbiM 

npononbHhiM MarHHTHbiM noneM. Bee BenH'IHHhi C'IHTaeM 

- e i(wt- kn z) 1 llOnSI - 8KCH8nbHQ-CHMM9TpH'IHbiMH. 

B nHHeMHOM npH6nH*eHHH npononbHhlH KoMnoHeHT ToKa 

paBeH: 

J = __ 1 ~ow E z . ( 2 ) 
z rn y 3 ( w - k v )2 

n 0 
3aeCb rn - Macca llOKOSI aneKTpOHa, y - penSITHBHCTCKHH 

1 vo 
4JaKTOp 1 y= ~~ {3 0 = c• 

v l-f3o 
PaccMoTpHM ycnoBHSI B036Y*AeHHSI BonH E-THna. Ha 

ypaBHeHHH (lB) H (1r) HMeeM: 

1 a aEz 2 2 .4rr (£flk
2 

-k
2
0 ) . 

-- - ( r --) + ( f 11 k - k ) E = 1 - J ( 3) 
f ar ar D z C fk z 

Er 
• k D 

=.1----

k 2 - l flk2 
n 

aEz 
ar 

k aEz 
. l --. H -1 2 

¢- k2-q.tk ar 
n 

(4) 

(5) 
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C yqeToM (2) Qng {3) nonyqHM 
2 2 a E z 1 aE z 2 2 w 

--+- --+ (qtk -kn)[l- p :zlEz=O, 
ar 2 r ar f(w-k v) 

rae 
(1)2 

p 

n 0 

( 6) 

ITepefiaeM K Haxo~aeHHID perneHHB ypaaHeHHB {6) ang yc
Kopgromero KaHana Cl1flYHlla. 

CxeMaTHqecKH ero BHtl rroKa3aH Ha pHCYHKe: 

ZZZ/771771 
1 f B d-:;---LL..L.:!:!!.:LL.Z 

If 

a L___ - ., . r 

p zzz zzg lzzzzzzzz1a 1azzzz u; 
-e-

----- L ----- -

3aecb o6nacTb I - qacTb aaKyyMHoro KaHana, 3aHBTag 
nyqKoM, o6nacTb II - qacTb aaKyyMHoro KaHana 003 nyqKa, 
o6nacTb III ( rnTpHx) - tlH8neKTPHK; a - paaHyc nyqKa, b -
patlHYC KaHana, h=( d-b)- TOniiUIHa tlH8neKTpHKa, 1l- nepHOtl 
CHCT8Mhi, S =~L- f)- anHHa MeTannHqecKoro Konbua. 

fpaHHqHb18 ycnOBH9 CBOtl9TC91 KaK 06biqHo, K Henpe
pb!BHOCTH TaHreHUHanbHbiX COCTaBnBID!llHX nong IlpH nepexone 
qepe3 noaepxHoCTb pa3aena • 

.lJ.ng o6nacTHI f=Jl= 1 , H perneHHe ypaaHeHHB (6) 
6yaeT: 

E
1
= E I a J (;z r) i(wt-~z) 

0 n=-oo n 0 n e (7a) 

6 

.. 

l13 ( 5) ang KOMIIOH8HTbl H ¢ HMeeM: 

H . oo k; 
I =lE ! . 0 

2 

a J (- d w t- k ) 
n=-oo( k - k 2) n I K r) e n z 

n n 

:3aecb kn=ko+ ~L n, k 0 =k/f3¢• k= ~ , {3 
30Ba9 CKOpOCTb BOnHbl 

2 
;z 2 = ( k 2_ k ~)[ 1- (J) 2 ] . 

n (w-kn~) 

nng o6naCTH II f= Jl = 1 • (J) 2 = 0 
p 

v<P 
c 

oo i(wt-k z) 
! b [J

0
(K r)+ G Ni K r)]e n E2 =Eo 

n=-oo 
n n n ()- n 

H · E ':. k h [ ( i (w t - k z) 2= 1 o "'- -'1) J1 K r)+G N1(K r)]e n , 
n=-<x> K n n n n 

':'tle K2 = k2-k2 
n n 

(76) 

• v <P - ¢a-

(Sa) 

(86) 

B o6nacTH III Jl = 1 , £ = 1 , w 
0 

= 0 • f 
3aecb Hano yqecTb, qTo rrpH z = - ..,. E =0 .C yqeToM 8Toro + ~ r 
rp8HHqHoro ycnOBH91 II01Ib3Y9Cb yp8BH8HH9MH ( 1 B) H ( 1 r) 1 

3aiiHlli8M nong B 8TOH o6naCTH B BHilO: 

E
3 

= E
0
[j,

0
dmZ0 (pnf)cosqn1 + m~lcmZ0(p~r)sinq~z]e iw t , (9a) 

oo d oo c iwt 
H =ii£ kE

0
[! ~Z1 (p r)cos(q z )+! ~Z 1 (p' r)sin(q 'z)]e ,(96) 

3 m=Gpm nr m m=l p :n m m 

(r) . [
00 

qm ...t ( • ~ q 'm , 
E3 = 1E0 ! --'"biZ I p r )sm(q z)+ "'" -,-cmZ 1 (p r)x 

m=OPm m m m=lpm m 
(9a) 

iw t 
x cos ( q ~ z) ] e 
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3aecb 

Z
0

(p r)= J (p r)N (p d)-J (p d)N (P. r) 
mOm Om Om Om 

ZI (pmr )= JI (pnf )No(pmd)-Jo (pmd)NI (pmr) 

2TT , (2m-1) 
q =-m q = TT 

m e ' m e 

2 k 2 2 , 2 k2 ' 2 p = f -q ' p = f -q . m m m m 

Y'!TeM rpaH!i'IHhre ycnoBasr. 
Tipa r=a aMeeM: EI =E 21 HI= H 2 
f1oaCT8Bn5ISI B (10) BbipaMeH!iSI (7a) 11: (8a) IIp!i 
ny'IaM: 

xn JI (xn )J 0 (x n )-xn J 0 (xn )J I (x n) 
G =-----------------------------

n xnJo\xn)NI (x )-i JI (x )No(x) · n n n n 
rae xn =Kna , Xn = K"na 
Tip a r=b liMeeM: E2 = E 3 IIp!i I z I :s e 12 I 

e 'L E? =0 rrpa -< zl<-. - 2 ' - 2 

H 2=H
3 

rrpa lzl_$f/2. 

(10) 
r=a 1 rro-

( 11 ) 

( 12) 

H a MerannaqecKOM KOnbue, r.e. rrpa f/2 < I z I< 'L/2 liM:fT 
- 4/ 

MeCTO CK8'IOK H¢ 1 CBSI38HHb!H C IIOBepXHOCTHb!Mii TOK8M • 

YfT8K1 liMeeM' COOTHOllleHHSI: 

00 
-i~z 00 

I b Q0 (~<"b)e =I d Z 0 (p b)cos(q z) + 
D=-<Xl n " m=0 m m m ( 13) 

00 

+I c Z 0 (P.'b) sin(q'z) 
m=I m m m 

oo kbn -iknz oo fk 
I --QI (Knb)e = I ---dmZI(pmb)cos(qmZ)+ 

n=-oo K n m=O p m 
( 14) 

00 fkC 
+I __ m Z (p 'b )sin( a' z), 

m=I p' I m 'm 
m 

8 

1 
\ 

J 

' 

rae 

Q0 (K b)=J0 (K b)+G N 0 (K b);QI (K b)=JI(K b)+G NI(K b). n n n n n n n n 

Y MHOMasr ( 13) rrocneaoBarenbHO aa cos(qmz) 11: sin(q 'mz) 11: 
!iHTerpapysr ITO Z B rrpeaenax OT Z=-'L/2 ao Z='L/2 1 IIQ-
ny•HrM: 

d
0
=L 1 ; e z ( "- B D 0 Po b) n=-oc n nO 

00 

d =2 l I B 
m e Z ( P b) D=-<X> D 

0 m 

D 
nm 

c =l._ 1 ! B C , 
m e z ( ' b) D=-<X> n nm 

0 Pm 

( 15) 

rae L/2 'k 
D = I e '""'

1 
nz cos(q z )dz; 

nm m 

L/2 -.ik z 
C = I e n sin(q' z)dz; 

nm -L/2 m 
-L/2 

Bn = bn QO (Kn b). 

Y MHOM!iM aanee ( 14 ) Ha cosq.1~ 11: sinq~z 11: rrpoliHTerpapy
eM ITO Z B rrpeaenaX OT Z=- f /2 ao Z= f /2 o f1oacTaBnSISI B 
aaAaeaaoe BhlpaMeHae 3Ha'IeHiiSI Koa¢¢aulieHTOB 11:3 (15), 
rrony'I!iM cneayiDlliYID oeCKOHe'IHYID CliCTeMy ypaBHeH!iH ansr 
orrpeaeneH!iSI Koa¢¢aulieHTOB8n• 

oc . k Q1 ( K b) f k Z 1 (p b) 
I Bn [- n D' -- m D ]-0 

n=-oc Kn Q ( K b) nm p Z ( p b) nm -
0 n m 0 m 

( 16a) 

"" Bn[!_ Q1 (Kn b) 
K C' n Q

0
(K b) nm 

I 
n=-oo 

fk Z 1 (p'mb) 

p' z (p' b) 
c ]. (166) nm 

n m 0 m 

3aecb D~m 11: c~m rrony'IaiDTCSI 11:3 Dnm li cnm 38MeHOH >L 
Ha f 

YcnoBae pa3peiDiiMOCTii cacreMhl ypaBHeHHH (16) 3a
KniD'Iaercsr B paBeHCTBe ayniD aerepMaHaara, cocraBneaaoro 
H3 'IneHOB, SIBnSIIDlliliXCSI KOa¢¢11UiieHT8Mii IIp!i He!i3BeCTHb!X 
Bn • 3ro ycnoBae 11: aaer aacrrepcliOHHOe ypaBHeHae, CBSI3hl
BaiDmee qacrory 11: ¢a30BYID cKopocTb BOnHhi c uapaMeTpa

Mii C!iCTeMblo 
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C Uenbro ynpomeHHH AHCnepCHOHHOro ypaBH9HHH MOM

HO ucnonh30BaTb "cmuBaHHe" noneil: npH r= b B cpenHeil: 

TO"'Ke (z=z) • B sTOM cny"la~ ngng B o6nacTH Ill npennona

raroTCH nponopuuoHanhHbiMH e -•'lm z 1 rne Z=cmst. llucnepcH

oHHoe ypaBHeHHe Tenepb HMeeT BHA: 

"" 1 Ql (K0b) 'L f Z 1 (pb) 

n~ ~ Q0 (~b( T p Z 0 ({D) 

3nech 
K 2=k2-k2 

n n 
2 2 

p =f k . 

3. AHanH3 nucnepcHOHHoro ypaBHeHHH 

( 17) 

PaccMoTpHM HeKoTopwe npenenhHhle cny"laH. KaK 

cnenyeT H3 (16) H (17) 1 npH b=d Zo(flnb)=0 H npH OT

cyTCTBHH ny"'Ka HM99M 06bi"'HOe AHCnepCHOHHOe COOTHOme

HHe nnH MeTannu"leCKoro BonHoBona. 

J 0 (Ka)=0, (18) 

OTKyAa Ka= fl O,s- KOpHH ypaBH9HHH ( 18). 
TipH HanH"'HH ny"'Ka (a= b =d) AHCnepCHOHHOe COOTHOmeHHe 

6yneT: 
J 

0 
("Ka) =0, 

rne 2 
_ 2 2 2 wp 
K =(k -k 0)[1- ). 

(w- k 0v0 ) 

HeTpynHo y6enHThCH1 "'TO B 3TOM cny"lae ny"'OK ycTOH"'HB. 

MccnenyeM ycToH"'HBOCTh ny"'Ka B pa3HbiX nHana3oHax 

nnHH BOnH. KaK nerKo BHAeTh 1 ypaBHeHHe (17) nony"laeTCH 

H3 ( 16) npH z = 0 • TornaC0m=C~m=O. TaK KaK B HallleM 

cny"lae nnHHa MeTannu"leCKoro KOnhua Mana bf.aBHHTenbHO 

C nnHHOH AH3neKTpH"19CKOrO ('l- f « 1) 1 TO nm .:: ..:;:... • 
- ,\ IL Dli t 

TipH V£» rm BTOpOH "lneH B KBanpaTHb!X CKO~KaX ( 16) 
He 3aBHCHT oT m • TipH ..Jf« f- m H A»f B ypaBHeHIIHX ( 16) 
H cneBa B ( 17) MOMHO COXp8HHTb TOnbKO "1.'19Hbl 1 OT,9"18ID

IllH9 n=O 1 m=O • OcTanbHbie conepMaT MHOMHTenh x-U -'L) 

H ll03TOMY B paCCM8TpHB89MOM npH6nH)!{9HIHI aBTOM8TH"leCKH 

ynoBneTBOpHIOTCH. TaKHM o6pa30M 1 aHann3 ycTOH"'HBOCTH 

10 

t 
i 

AnH H8lllero cny"laH MOMHO C HeKOTOpb!M llpH6nHM9HHeM 

npOB9CTH 1 HCXOAH H3 AHCllepCHOHHOrO ypaBH9HHH (17). 
3aMeTHM 1 "'TO npaBaH "laCTb 3TOrO ypaBH9HHH He 

3aBHCHT OT BOnHOBOrO B9KTOpa kn • llonyCTHM1 "'TO npH 

H8nH"'HH llY"'Ka "laCTOTa BOnHbl B CHCTeMe OCTaeTCH npeM

H9H1 a H3M9HH9TCH nHlllb npoeKUHH BOnHOBOrO B9KTOpa 

BAOnb OCH Z • Torna npaByro "laCTb ypaBH9HHH (17) MOMHO 

3aMeHHTh 3Ha"leHHeM neBoii "laCTH 6e3 ny"'Ka. Ecnu ny"'OK 

nonaocrbro 3anonHHeT anepTypy KaHana ( a=b 1 G0 
=0 ) 

1 

TO H3 (17) nony"'HM: 

I [ .L 1J (xn) 
n X -

n Jo(xn) 

1 J I (yn )]=0, 

Yn J 0 ( Y
0 

) 

( 19) 

2 
rne 2 2 2[1- wp (] 

i"2=(k -kn)a (w-~vo 
-2 2 

2 (k2 -k )a • Y n = n 

k n - npoeKUHH BOnHOBOrO BeKTOpa Ha OCb Z B CHCTeMe 
6e3 ny"'Ka. 

M3 (19) HMeeM xn =Y n • Mnu nng n =0 

2 2 w
2 

2 - 2 
(k -k 0 )[1- ~ = (k -k 0 ). (20) 

(w-k 0 v0 ) 
w 

MccnenyeM ypaBHeHue (20) B6nH3H KOpHH k 
0 

= - + Tf 
vo 

rne Tf « : _ . 06o3Ha"'HM o = Tf v 
0 

• Torna H3 (20) 
aaiineM 0 ( k 0 = k I {3 ¢ ) : 

w2 {32 
~=y2(1- ~). 
0 .Bq; 

Tiony"laeTCH H3B9CTHbiH pe3ynhTaT: ecnH liJa30BaH CKOpOCTb 

BOnHbl M9Hblll9 1 "19M H9B03MYlll9HH8H CKOpOCTb ny"'Ka1 TO 

B03HHKaeT aeycToii"'HBOCTh. MHKP§MeHT ee1 aaiineHHbiH H3 

(20), llpH ~::::,Bp 1 H ycnO~H c;_;-«l/y 2 
1 H3B9CT9H/3/: 

0 
_ wp w 13 (1-:iy'3) (21) 
- 21/3 y 2/3 2 

II 



Heo6xonRMO ReenenoBaTh - B03MO)KHbi nR B nannoii: eRc
TeMe 6es ny':IKa MenneHHhle Bonnhl. 

nuenepeHOHHOe ypaBHeHHe B 8TOM C~yqae 6yneT: 

rne 

k J I (yn) 
! - =Z(f,k,b,h), 
n Yn Jo (yn) 

,L fk zl (pb) 
Z(E,k,b,h)= 0 01) ---

r P z0 (pb) 

(22) 

PaeeMoTpHM nnHHHhre BOnHbr H epaBHHTenhHO ne6onhume 
sna'leHHH f , TaK 'lTo Ii>« 1 u kb« 1 • Torna n=O 
PaeKnanbiBaSI cpyHKUHH EeecenH enpaBa B (22) B pSillbi 
B6nH31i TO'lKH (pb) no napaMeTpy ManOCTH (ph) , Haii:lleM: 

'L 1 
z=r~ 

CneBa B (22) uenonhsyeM pasno)KeHHH cpyHKUHii: EeeeenSI B 

PHllbi npu ManbiX snaqenRSIX apryMeHTa c TO'lHOCThiO no 
qnenoB BToporo nopSillKa ManoeTu. B pesynhTaTe us (22) 
nony':IHM: 

2 2 1 ) 8 'L 1 -1. 
I{ 1:) o-~ = T kh. kb (23) 

TaK KaK kh « 1 R kb « 1 , To nepBbiii: qnen enpaBa B 
(23) sna':IHTenhHO npeBbilllaeT enunuuy u, TaKHM o6pasoM, 

2 f3¢ > 1, T.e. B llnHHHOBOnHOBOM npu6nH)KeHHii MenneHHbie 
BOnHbl B eHCTeMe HeB03MO)KHblo PaeCMOTp!iM llpyroii: npe-

nenbHbiH cnyqaii: pb >> 1 , T.e. Korna nnRHa BonHbi B 
llHaneKTpHKe Mana cpaBHHTenhHO c anepTypoii: KaHana (o>l). 
11cnonh3YH aeuMnToTRKy nnH cpyHKU!iii: EeecenH, nnH npaBoii: 
'laCT!i (22) Haii:~teM:· 

z=!:. vf e ~ctg(y'(kh). (24) 

E enR kb<< 1 , To nnH neBoii: ':laCT!i (22) RCnonbsyeM npellbi
nymee pasno)KeHRe. EcnR kb::: 1 • TO Heo6XOllHMO HaRTH 
npyroe npeneTaBnenue. Tip!i h ... 0, y ... fl.o 

n ,s , rnello,s-

12 

I 
t 

KOpH!i ypaBHeHiiH Jo(Y0 )=0 - llHenepCHOHHOf'O COOTHOllleHiiH 
llnH MeTannH':IeCKOf'O BOnHOBOll8o f1o8TOMY B,Cnyqae h<<b 
yno6no RCDOnh30BaTh nnH neBoii: qacTR (22) pasno)KeHHe 

no KOPHHM ¢YHKUHii: EeeeenSI/S/ 

J 1 (y) "" 

J () 
=-2y I (y2- 2 )-1 

0 y B=O 110 • ,s 
(25) 

f10llCTaBnSIH (24) H (25) B (22) H orpaHH'lHB8HCh 

cnyqaeM n=O , s=1 , naii:neM: 

2 2 1 2 
k b (1- ~) = llo 1 

f3¢ ' 
2 
z:· (26) 

2 2 
KaK enenyeT us (26), npHf1.o,1 <-z ,,8¢<1, T.e. B eHe-
TeMe B03MO)KHbi MenneHHbie BOnHbi H, enenoBaTenhHO, ne

yeTOH'lHBOeTh. 
YenoBHe B03HHKHOBeHHH neycTOH'lliBOCTH c yqeToM 

(24) MO)KHO 38DHC8Th B BHlle! 

e kb - 2 
2 -L --=- tg ( v' f • kh) > 11

0 1 
, 

I -v f. ' 

(27) 

rne llo 
1 

=2,405. TipH (y'~. kh) ... y nepaBeHCTBO (27), 6es-· 
ycnoBHO, BbJDOnHHeTCHo 0TCIOlla MO)KHO OUeH!iTh 3H8':1eHHe 

f 1 npH KOTOpOM nnH naHHOf'O ( kh) ·.ny'IOK HeyCTOH'lHBo 
EhmH npoBeneHbi 'lHCneHHble pac':leTbi Ha 3 BM on

penenHTenH ll!eCTH8llUaTOf'O nopHllKa eHeTeMbl ypaBHeHHH 
( 16). 11enonh30B8Hbi enenyiOmHe sna'leHHH napaMeTpoB: 
b =2,5 eM; d =3 eM; 1L=5,25; e =5 eM. Hac HHTepe-

eoBan BODpOC 0 B03MO)KHOeTH pacnpOCTpaHeHHSI B CHeTeMe 

6e3 DY'lK8 MenneHHbiX BOnH e f3¢ ::: ,8 0 =0,8660, A'ITO 
cooTBeTCTByeT y =2. PaeqeTbi noKasanH, 'ITO npH 7!7 ·>> 1L 
onpenenHTenh OTnH'leH OT HynSI nnH Beex paeeMOTpeHHb!X 
3Ha':leHHH £ =5 • 50, T.e. TaKHe BOnHbl B CHCTeMe pacnpo-

A 
cTpaHHTheH He MoryT. TipH F .:::;'L noSIBnSIIOTCH xapaKTep-

Hbie nnH nepHOllH':IeeKOH CTpyKTypbl nonoebi nponyCK8HHH. 

f1epBbie nonOCbl CO CTOpOHbl HaH60nhll!HX llnHH BOnH DpH

XOllSITCSI COOTBeTCTBeHHO Ha 3Ha'leHHSI A =22,4 CM nnH 
E =5,; >.. =38,7 eM nnH £ =15; >.. =55,7 eM nnH 
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f =31, A =70, 7 CM .Qn.H f =50, 3TO COOTBeTCTByeT ana
He BOnHbl B .Qfl8neKTpi'IKe ,\' =l.._::} 0 CM, 

~ 
TaKHM o6pa3oM, MO}f(HO caenaTb Bhmoa: npa .QBa-

}f(eHaH 38p.II}f(eHHOPO ny~Ka B nepfiO.Qfl~eCKOH CfiCTeMe 
MeTann - .QH8neKTpi'IK ny~OK ycTOH~fiB ITO OTHOWeHfiiD K 
.QnHHHOBOnHOBhiM B03MyWeHH.IIM ( ..\ >>'l) If HeyCTOll~fiB 

v( ..\ 
OTHOCIJ:TenhHO KOpOTKOBOnHOBbiX B03MyWeHfii1 ( --;--.:: ·L) 

\jf 
T,e, T8KHX, .QnHHa BOnHhl KOTOpb!X B .QH8neKTpi'IKe cpaBHfiM8 
anH MeHhwe nepHoaa CHCTeMw, ecnH ara ~acToTw nonaaa
IDT B nonocw nponycKaHH.II BOnHoBoaa. 

B 3aKnro~eHHe aBTop 6naroaapaT TOBapameii no pa6o
Te 3a o6cy}f(aeHae If p.11a 3aMe~aHaii, 
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