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. t. PaccMoTpeHHe aana<rH 06 H3ny<reHHH TOKOB H aap11noB B aonH,oaonax, aanonHeH-

HblX · nHaneKT~HKOM, npencTaBn11eT HHTepec. c T,<:J,'IKH apeaHSI reaep13UHH 11:fHKpopanHoaona. 

B naaaolt paooTe .paccMaTpHBaeTcSI H3ny<reaHe BaaHnoaa-'-lepeaKoBa ·Konbueaoro TO Ka, 

neTSIIUero Bnonb OCH BOilHOBona, nHaneKTpH'l0CKH0 CBOHCTBa ~oToporo' M0HSIIOTCSI CKa<r

'KOM 'Ha 1!0KOTOpOM panHyCe a , ~ reoMeTpHS! 3a~a'IH H C>003H.a'l0HHSI, np,HBeneH1>1 Ha 

, pHc. 1, '-lacTHbIM cny<raeM TaKolt .CHCT0Mbl 11an11eTCS1 aonaoaon, <raCTH'lHO aanonaeHHbill 
I . /J/ 

nHaneKTpRKOM, nn11 KOToporo Aoen& npoaen HccnenoaaaHe Hany'!eHHSI aapn~eaaoro 

.crycTKa, neTSIIUero no oc~ aonaoaona. B oTnH<rHe OT, aana<rH A6en11, rne aap11n re He-

pHpyeT 'E '' 
-BOflHbl, KOJ!bUO C TOKOM B aaanorH'lHOll CHCTeMe oyneT reHepnpoBaTb 

.'I -aonabl. 

2. B CHny CHMMeTpHH aana<rH enHHCTBl:!HHOH OTIIH'lHOlt OT Hyn!I KOMilOHCHTOlt S!BnSl-

0TCll a3RMyTan&Hall KOMilOHCHTa B0KTOpHOrO UOTCHUHBna. nn11 ee onpenenCHHll HMCCM 

cneny IOIUHC ypaBHCHHll: 

□( l) (l) 
A = 0 ' ±!!_ul'i(r-r )S(z-vt), 

C 0 

, (k) (k) 
(k) aA H (k) =, 1 a (k) (k) _J_ aA H rA E0 r ai" s r ar C v-

k 1.·2. 

CB~38Hbl rpaHH'lHblMH ycnOBHSIMH, 

E(2) I 
0 / = Q r= b 1 

u -nonHblll TOK, V-Z -KOMilOHCHTB'CKOpOCTH KOn&ua, C 

/ npHMCHllll B peweaH'H /}/ OObl'IHbllt' annapaT paano>KCHHII B HHTerpan. <Pyp&e,, nony<rHM 

rne 

(l) 
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CV 

~ 1 w I · f Jc., I Sf . I w I ' · f I w I " ' · · · a. 1 (-1<1,r) (-,ct0 j+ 1 (--,c1 r) 1 (--,c
1

r JO<r<r 
V . l V I ,v V O , 0 
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}
2 '= ui rW" t)l (l..!!!l K t) + Lf (WK t JK (l_<;!l" t) a<r< b, 

t V 2 I V 20 IV 20 t V 2 

K, '. H [ t ,:MO.llHq:>HUHpoBaHHb18 q:,yHK~HH Beccen11, 

2 2 2 '2· ., V 

" 1 = 1 - '2 f3 • ~ 2 = 1 - ~2 f3 ' f3 = c 
Koaq:,cpHUH8HTbl S. L u Hall.aeHHbl8 H3 rpa~H'IHblX y_cnOBH\i B /l/, HMeroT BH,a: 

HnH 

"K rl~,L a)¢ +1<;'.'{ /~J" a)</,. 
S =. , I 0 . V t .. t . 2. t' , V I 2, 

Kl rkd" a),;;-.K,l(i~JKB)</, 
1ov1 1 2lv1 2 

•- . .. ., 

L 
vl (iwJK t ,, (w "b') 
t.vtolv 2 

lwlaf
1
(\.d~ r

0
)[" l (k.)K a)cp -Kl (lwlK a)cp] 

· v· 2 JO V l 1 2'1 · V 't· 2 

M= 
K 'rlwlK -~- ) 

I V 1_ 

- l ( 1.w.l" b ) 
1 V 2 

L · /2a/ 

cf,= [( (hlK b)I (~K a)-,l (h,J_K b)K ([dK a); 
t I V 2 I V 2 ·l V 2 I V 2 

'{ Jwl · b l lwl '{ JwJ l lwl 
c/,2= ·1(7 "2 ) o<v-,"2a)+ '0(7."2 8 ),(7"2b). 

3. MomHOCTb_ nOTepb Ha H3ny'll!HH8 onpe.aenHM Bb!palKeHHeM: 

p 
2 2 

81!.!..ii_u 

c 2 v 

/3/ 
p E I 2rrtou 0 r=ro 

yt=• 

Re f i w d w [ K ( :!'!.- ic. r ) + S l ( "' " · r ) ] l ( :!'!.-" r ) • 
0 I V I 0 l V I 0 I V t O /3a/ 

B03,~?>KHbl TpH ~~yqag: 

a/ ycnoBH!I HanyqeHH!I Bb!IlOnHIIIOTC!I TOnbKO B l cpe.ae; 
• -.,-1. : ·• . '- > : ; ' ' • ,' './ • • 2 1 - • ' 

K 1 =is I K
2

>Q 
6/ ycnOBH!I aanyqeHH!I Bb!IlOnHlll6TC!I TOnbKO BO 2 CpE!,ae: 141 

2 > ' . 
Kl 0

1 
K 2 =ts 2 

Bl ycnoBH!I H3nyqeHH!I BblnOnH!IIOTC!I B .llBYX cpe,aax O,llHOBpeMeHHO: 

K = is 
t t 

~ •' 
K2 = ,JS 2• 

Bo Bcex 8THX cnyqagx, nq.llb!HTerpanbHOe BblpalKeHH0 B /3a/ ,'IHCTO MHHMa!I BenH'IHHa, H 

M bl nonyqaeM '~~'.hH~Hyio' OT HY~'g MOIUHOC~t • iiariy''leH1,ig; ·T~'nl,ito 11·a 0TJx. '18CTOTaX, npH 
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KOTOpbIX 3HaMeHaTenb o6pamaeTcs_ B HYllb. 3TO aaeT ,!lHCKpeTHblll cneKTp H3/IY'leHHS: 

<. 

Kilo(~Kl·afcpl-K21l (: KiB)c/,2 = 0' /5/ 

H BblnO/IHeHO O,!lHO H3 yC/IOBHil /4./. 

Dpe)K,!le '!eM paccMaTpHBSTb ,KS)K,!lblli C/IY,1811 /4/ B OT ,!le/lbHOCTH, npoaHamrnHpyeM 

He!(OTOpble 'laC~Hble BapHaHTbl: 

a/° DyCTb Kl= K 
2 

= i S ,-. T.e. Mbl HMeeM BO/IHOBO,!l, 0,!lHOpO,!lHO aanonHeHHbll! ,!lH-

9/leKTpHKOM • .rlHcnepCHOHHOe ypaBHeHHe /5/ B STOM C/ly'lae HMeeT peweHHe 

w = ~ i, = 1,2; 3 •••• r.!le. >,,' . ' YllOB/leTBOplleT '.f (>,. . ) ;. 0 • ' ' '. ·:/6/,: 
V s b VI l Vl 

vf HTeHCHBHOCTb H3/IY'leHHS B CTOM C/ly'!ae 

p = 

... 
I, - l 

v= l ,/t (32....•l 

<r 2 r 0 
J (>.. -b J I V 

6/ PaccMOTpHM H8'18/lbHYIO 'ISCTb cne,icTpa: 

<,) << V 

/7/ 
d '1d:3 2-1 wb • 

-(-'--'-----) I w=w 
dw v " 

l 

/8/ 

/aaecb H B ,!18/lbHellweM Mbl 6yaeM npoBO,!lHTb paccMOTpeHHe TO/lbKO . .!l/111 BO/IHOBO,!lOB' 

.!11111 KOTOpbIX K
I 

H K 
2 

cyT& Be/lH'IHHbl O.!lHoro nopll.!lK&I • .rlHcnepcHOHHoe ypaBHeHHe 

,!l/111 9T0f'O C/ly'!all HMeeT BH.!l: 

I (~K
2
b)=O, 

I V /9/ 

J.13 /9/ ~n8A,Y8Tt 'ITO .~HyTp8HHH~ ~aHan M8fI8~bKOr~ paaayca H_e enHS18T Ha H3ny'leHH8 • ...... 

EcnH BO BTOpol! cpe,!le ,BblilO/IHeHo yC/IOBHe 'lep8HKOBCK0f'O H3/IY'l8HHII, TO nocne,!lHee 
~ ~ • -' • • J • • ' • • •.• • I; •:• < • e • , 

npOHCXO,!lHT. Ha TeX .}!(8 '18CTOT8X 0 '1TO H B 0,!lHOpO,!lHO 38IlO/IHeHHOM ,!lHS/leKTpHKOM BO/IHO-
' . . I; ,. . '2 \ 

BO.Ile p8.!1Hyca b • EcnH )Ke K 2 > 0 • TO H311Y'l8HH8 C 'laCTOT8MH / 8/ 6y ,!leT OTCyTc-

TBOBSTb. B Toll ~acTH cneKTpa, rae BwnonHeHo 

V /10/ 
<,) >> 

K Ira 

MO>Kito Bocno11&aoBaT&cs acHMnTOTHKoii qiyHKUHll Eeccens npH 6011&wHX: ';pryMeHTax. Lln11 

.pnY,:'1811'' I 41,,,·:-, a. J:IMee_M ,?1C~_ee_c_HOH_Hoe ypaBHeHHe 

/11/ 

ero pewe·HHe npH b >> a 
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"' = V 

~ I .,, 

~ [(v + ¼ )rr -,arctg ~] 
SI a . K 2 

V = J.2.3 • .,. 

npH 9T0M HHTeHCHBH0CTb'· H3JIY'l8HHII paBHa: 

p= 
2 

2 oc • 2 'eu s •. 
8rr,t a ,.. s,n (.....JL-1..r • .!..) 
_.a,_.,:,, ,V O 4' 

1 + · ctg 2
( "\, 

81 
a~.!:...) 

V · 4 

II la/ 

ca vsa:J s . 
l s cu rr d K I s a K 

2 .b- a b 1 s cu rr ctg(=.i=a --=)-In-= +.:t.::..[J--::-,---+-ctg (-,.....!:'a:--)] 
v 4 dw s 1 w=wv v s 1 a a v 4 · 

1:'IP.H B03M0,>K,H0CTH H3JIY'l8HHSI BO ,BTOpOl! Cpeae LlHCnepcH0HHOe ypaBH8HH8 

tg '!__~(b- a) 
V • 

#~ 

Kz 

HMeeT peweaHe 

"' = V 

V S 
---- [vrr -aictg-1...J 

Kl • s
2
(b-a) 

V = 1,2,3,••~• 

H_HHT8HCHBH0CTb H3llY'18HHSI. 

·p 
2 2 .. • 

2","''<'r•·•0 J 
Sn: 10 ~ :S _!._ f • · s 

~ .v=z Kz -':. tn ~I + :!.JJ_b-a) r..!:1. + _2_·) 
dw K·,w=wv v s2 Kl 

1 

·1131 

/13a/ 

/14/ .. 

O6pamaeT Ha ce611 BHHMaHH0 TOT ct,aKT,· 'ITO 'MOIUHOCTb 9KCll0H8HllHaJibH0 cn~aaeT npH 

yBeJIH'l8HHH ( a - t O) • T.e. ll3JiyqeHHe, 6yaeT MaKCHMallbHblM, K0rlla a .. t O • EcnH 

cpena 2 ne. o6naaaeT aacnepcHel!, a, cpeaa 1,- BaKyyM, ·To. p11a. /14/ nerKo CKJiallblBa

eTcll ·H aaeT cyMMapay10 MOIUII0CTb ,H3Jiyqe11H1t'. vi, HaKoneu, npH B03MQ>KH0CTH nanyqe-

, HHS! 'B LlBYX cpoaax 0LlH0Bp0M_eHHO /cny,rnl!, /4 ,.,. al/ H3 aacnepcHOHHoro yp~aaeaa11 

/ , ... ·; 

s s "' --L tg .~ (b 
S2 V 

' s .cu 
a)=. - tg ( ..LJ!. a 

V 

rr 
:r> 

nonyqaeM p0W0HH0: 

1-:!..i.. .. 
"'v 

. -v ' i, - rr • a - l . . ~ . . . "· . s , - . s1 
--[(v + ¼)rr + btg(4 Tl+ :!..i....!!.tg2(.!!...•a-1H1+_-:::l;!!J 
as 1 a . , , s

2 
· b 4 a z 

V = J, 2, J • • • 
3Ll8Cb 

.'s b-a 
a= '1 + -• -, 

s a 

H 

6 

/15/ 

]; 
/l5a/. 

\ 

/' 

/l. 



.!L) 
4 • 

' OrpaHH'leHHe Ha nop~,llOK K 
1 

•· H 

2 s 6.> a rr 
1 + ctg ( ~-: - 4 ) 

B npnBe,lleHHblX Bbllll e cpopMynax He !IBn8eTC>I 

npHHUHilHBnbHblM •. ,Llng K 1 H Ka pa3Hb!X nopR,llKOB nerKO npOBO,lliITC8 a11anHa n'o,llo6-

Hb1M MeTO,llOM. 

4. B aaKn10'leHHe MO>KHO aaMeTHTb, 'ITO ecna TOK HeceT Ha ce6e erue H aap8,ll; To .. 
TaKa>1 cHcTeMa 6ytleT aany'laTb erue 11 E - BOnHhl, CneKTp 8THX BOnH He OTnH'laeTC>I 

OT cneKTpa ,Hany'leHHH 38p>i,ll8, neTHruero no OCH BOilHOBO,lla C ,llHaneKTpHKOM /cM., Ha

npHMep121 t .. 

HHT8HCH'3HOCTb Hany'leHHH, CBH38HH8H C aapH,llOM KOilbUB, OTnH'IBeTCH OT IIHT8HCHB

HOCTH 0,llHOI'O aapH,lla, IleTHtuero no OCH BOilHOBO,lla, Ha cpopM-cpBKTOp '.f ( _{!1 S r ) ~nH 

2 
0 V 1 0 

10 ( ~. K 
1 

t 
O

) B 'IHCnHTene. ' 

AaTOpbl B8CbMB npH3HBT8IlbHbl aKa,lleMHKY B.H. BeKcnepy aa HHTepec 1t pa6oTe 11 

IlilO,llOTBOpHbl8 o6cy>K,ll0HHH. 
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