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§l. B e e Jl e H H e 

06bi'IHO TeOpHSI JlpellljlOBbiX HeyCTOII'IHBOCTell He Y'IHTbiBHeT HSnH'IHSI Bbi­

COKO'I8CTOTHbiX Typ6yneHTHbiX nynbCSUHII B nna3Me, BMeCTe (: TeM HX BnHSIHHe 

Ha HH3KO'I8CTOTHble CBOllCTB8 nna3Mbl MO>KeT 6b1Tb HeMSnbiM y>Ke npH OTHo­

CHTenbHO HH3KOM ypOBHe 3HeprHH BbiCOK0'18CTOTHbiX nynbCSUHII, LleliCTBHt!enb­

HO, XOpOWO H3BeCTH0 0 'ITO BbiCOK0'18CTOTH8SI Typ6yneHTHOCTb npHBOJlHT K 

TO My, 'ITO B nna3Me 1103HHK810T aljlljleKTHBHble COyJlapeHHSI 0 38 ~HCSIWHe OT 3Hep-

rHH Typ6yneHTHOCTH, 11MeHHO C yK838HHbiMH 31jl!jleKTHBHbiM 1 COyJlapeHHSIMH 

CB!I38Hbl a<jJqJeKTbi aaoManbHoro Typ6yneHTHoro conpoTHBneHHS! nnaaMbi/ 1 I, 

pacce!IHHSI aneKTpOMSrHHTHbiX BOnH Typ6yneHTHblMH nynbC8l!HS MH/2/ H Jlp, K 

'IHCny TBKHX 3Q¢leKTHBHbiX '18CTOT COyJlapeHHll MoryT 6b1Tb OTHeCeHbl KSK 

XapaKTepHbie 'IBCTOTbl KB83HnHHeHHbiX 3QJ<jleKTOB, TaK H '18CTO rbl HenHHeilHbiX 

cneKTpanbHbiX nepeKa'leK /3/, XapaKTepHbie 3qxpeKTHBHbie 'ISCT::>Tbi 3THX npo­

ueccoe MoryT 6biTb JlOCTaTO'IHO 6onbWHMH, H e npeJlene __ w __ .. 1 npH6nH-
n oT e 

>K8TbCSI K '18CTOT8~ Typ6yneHTHbiX nynhC'8UHH, 

B peanbHbiX 3KcnepHMeHTanbHbiX ycnoBH!IX o6bi'IHO 

0JlH8KO BCe )f(e YKB38HHbiEI aljl«!JeKTHBHble '18CTOTbl MOryT 

__!__« 1 (-.! .. o,1-o,on. 
noT, noTe 
6b1Th JlOCT8TO'IHO 

Bb!COKHMH , OC06eHHO Jln!l Typ6yneHTHOCTH Bb!COKHX '18CTOT, lMeHHO 3TH 
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apryMSHTbl nOKB' b!BBIOT, qTO cneayeT OlKH.QBTb 6onbWOf'O· BnHSIHHSI HB HH3KQ­

qacTOTHbl9 CBOilcTBa nna3Mbl p83BHTOH Typ6yneHTHOCTH HB Bb!COKHX qacTOTBX, 

8 HBCTOSI!liSH paf>oTe Mbl orpaHHqHMCSI p8CCM0Tp9HH9M s<jl<jleKTOB, CBSI38HHb!X 

C Bb!COKoqaCTOTH b!MH sneKTpOHHbiMH KOne6aHH51MH HB qaCTOTaX, 6nH3KHX K 

(i)P• • l1MeSI a BHAY npHnolKeHHH K npo6neMaM yaeplKaHHH nnaaMbr, Mbi orpa-

HHqHMCH 3,Q9Cb C nyqaeM, KOT',Q8 sneK TpOHbl nn83Mbl HBnHJOTCSI 38M8T'HHqeHHbl-

MH H MOT'YT 6b!T~ OnHCBHbi B paMKBX Apeli<jlOBOT'O KHHSTHqeQKOT'O ypaBHSHHH, 

TaKoe ypaaaeHH( MOlKeT 6biTb HCnonbaoaaao an>~ HccnenoaaHHH BbiCOKoqacToT-

HOli nynbCBUHH H8 qacTOT8X nop51AK8 (i) 
po , ecnH ( c -cKopocTb caera) 

(i) 

He m c 
>> (i) 

po 

(1.1) 

Mbr orpaaHqHMC 1 paccMorpeHHeM nHmb noTeHuHanbHbiX nynbcauHli, HMSJO!liHX 

cneKTp 

f 
(1)1 

(i) 

k 1 » ~<nil•> 

H HenOTSHUHBnbllbiX nynbCBUHll CO CneKTpOM 

t 
(i) 

I 

2 2 
k t.l. c 

(i) + .• 
pe 2 Ql 

pe 

( 1.2) 

( 1.3) 

8 ( 1,2), I 1,3) k h -npoeKUHH BOnHOBOT'O BeKTOp8 BbiCOKoqaCTOTHb!X 

nynbCBUHll H8 HompaaneHHe M8T'HHTHOT'O n-onS!, KOTOpOe Bbi6paHO 38 OCb Z 

a k I~ -MO.Qyn~o npoeKUHH k I H8 HanpaaneHHe, nepneHUHKynHpHOe BHeWHSMY 

M8T'HHTHOMY no;IJO, 

B aacTOHL!eli pa6ore aaewaee MaT'HHTHoe none npeanonaraeTCH onao-

pOUHbiM H nOCT,>HHHb!M, 

KaK noKa' aao HHlKe, s<jJ<jleKTHBHaH qacToTa Typ6yneHTHbiX CTOnKHOBSHHli 

OK83bl!-89TC51 38BHCSI!ll9H He TOnbKO OT (i) H k HH3KoqacTOTHb!X 
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KOne6aHHH, HO H OT pacnpet:teneHHSI BbiCOKO'ISCTOTHbiX KOne6aHHH no CneKTpy 

( no BOnHOBbiM 'IHCnSM BbiCOKO'ISCTOTHbiX nynbCSUHJI Jr. I ) • nosToMy o6-

naCTb '18CTOT, B KOTOpOJI CyiUeCTB9HHO M9HSIIOTCSI 9neKTp01~8rHHTHbl9 CBOHCTB8 

nna:tMbi, ue MOJKeT 6hiTb uallt:tena MeTOilOM rpy6biX OUei:OK, nocT8HOBK8 

3A.Il8'1H, HCCnet:tyeMOll HHJKe, COCTOHT B OTbiCKSHHH nuuel!uoro 
0
0TKnHK; Typ-

6yneHTHOH nna3Mbl ua auewnee B03t:tellcTBHe (auewnee n<•ne) ( t:tnH H3o-

Tponuoll nna3Mbl cM/4~ npet:tnonaraeTCH, 'ITO TYP6yneHTH<>CTb nna3Mbl HBnH­

eTc~ CT8UHOH8pHOJ!, 8 06IUeM cnyqae T8K8SI CT8UHOH8pHOC1~ o6ecne'IHB89TCSI 

6anaHCO~ . .f • paCK8'1KH• BbiCOKoqaCTOTHbiX KOne6aHHA, HenHHei\ToA cneKTp8nbHOA 

nepeKa'IKH B o6nacTb nornomenHH, H HaKoneu, nornoweHHf Typ6yneHTHhlX 

nynbcauHll B sToll o6nacTH. 0TKnHK TYP6ynenTnol! nna3Mbl 6yt:teT 38BHCeTb 

OT xapaKTepHbiX BpeMeH YK838HHbiX npoueCCOB, npoCTOTbl pat:tH 31l9Cb Mhl 

orpaHH'IHMCSI nHWb 91jM!JeKT8MH, t:tnH KOTOpbiX sljxpeKTHBHble COy.QapeHHSI nHHeJ!-

Hbl no W , 8 9TOM cnyqae CT8UHOH8pHOCTb Typ6yneHTHOC1'H MOJKeT 6b!Tb 

o6ecneqena OTCyTCTBHeM '18CTHU, p930H8HCHblX C Typ6yneHTHblMH nynbCSUHSIMH, 

HHJKe Mhl HHTepecyeMCSI OTKnHKOM Typ6yneHTHOJ! nna3Mbl HI '18CTOT8X, M9Hb­

WHX y~838HHbiX 91jM!JeKTHBHhlX Typ6yneHTHbiX 'ISCTOT, HO 60.lbWHX 91jM!JeKTHBHbiX 

'ISCTOT 6onee BhlCOKoro nopH.QKa no sneprHH TYP6yneHTHOCTH W • 

B §2 uacTOSIIUell pa6oThl H3noJKeH o6wHll MeTo.Q paC'I·~Ta uenHneh.HbiX 

sneKTpOMarHHTHbiX CBOIICTB Typ6yneHTHOJ! nna3Mbl .QnH npell<jloaoro KHH9TH­

'IeCKOrO ypaBH9HHSI, §3 nOCBSIIU9H BbiBO.Qy HenHH9HHOI! .QH9neKTpH'I9CKOH npo­

HHU89MOCTH nna3Mbl, §4 - HCCne.QOBaHHIO .Qpel!<jlOBblX HeyCTOII'IHBOCTell B cny­

'189 o.QHOMepuoi! TYP6yneHTHOCTH1 §5 - nnH H30Tponnol! Typ6yneHTHOCTH' 

§6 - BnHHHHIO HenoTeHUHSnbHbiX Typ6yneHTHbiX nynbC8UHJI runa ( 1.3), 

Hann'lne BhiCOKO'IsCTOTHOII Typ6yneHTHOCTH MOJKeT npuaecn1 B onpeneneHHhiX 

ycnoBHHX K CTa6HnH38UHH npell<jloabiX ueycTOli'IHBOCTeil, TaKHe sljxpeKTbl cTa-

6HnH3aUHH CyiU9CTB9HHO OTnH'I810TCSI OT TeX, KOTOpbla B031 HK810T OT BHew­

HHX BbiCOKO'IaCTOTHbiX nonell/5,6/. CaMbiM cymecraeunhiM oTnH'IHeM SIBnSieT­

CH B03MOJKHOCTb CT86HnH38UHH npH Manol! aMnnHTyt:te Typ6yneHTHOCTH 

w -<<1 H 38BHCHMOCTb sljxpeKTOB CT86HnH38UHH OT BonHOllbiX 'IHCen Jr 
n 0T

0 
TypoyneHTHbiX llynbcauul!, HaKoneu, o6uapyJKeHHbie HOBbie :IenHHelluo-npeil-

<jloabie HeycTOli'IHBOCTH HMeJOT auanOrHJO C HCCne.QOBSHHSIM~ HeyCTOli'IHBOCTH 

O.QHOpO.QHOJ! H30TponuoJ!, nna3Mbl .Qmi nOTeHUHanbHbiX Kone6aHHJ!/7 ,8/ H .QnH 

HeyCTOJ!'IHBOCTell Typ6yneHTHOII nna3Mbl OTHOCHTenbHO CnOtTSHHOrO B036yJK-
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neaHH M8I'HHTHbiX IIOnei!/4/, nocnenaai!, §7 H8CTOSII!lei! pa60Tbl ITOCBSIIUeH 

OU9HK8M rpaHHU np~ M9HHMOCTH HCITOnb3yeMOI'O nonXOll8 II nepcneKTHB8M paa­

BHTHSI TeOpHH. 

§2. l13Me~ 9HH9 COCTOSIHHSI Typ6yneHTHOil nna3Mbl non 

nei!CTJllfeM cna6oro eoaMyiUaiOmero nonS! 

OrpaHH'IHMCSI .Jnecb paccMOTpeaaeM noTeauaanbHbiX npon~HbiX eoaMyme­

HHil B nna3Me. KaK H3B9CTH0/911 Q/ 1 eCnH nna3Ma CHnbHO 38Mai'HH'i9H81 T8K 

v 
'ITO ru 1 ,ru pe<<ruHe 11 klol.p e<<I (pe • ~) noeeneaae aneKTpoaoe MOlKeT 

· Ct)He 

6biTb t>nHC81!0 KHI!e1·11iieCKIIM ypaBH9HH9M B npei!cjlOBOM npa6nHlK9HHH 

e a7 (e) c a£ (e) a i<e> 
E --+-(E --·-·E-• av. H y Ox X a y 

>-o 
(2.1) m 

e 

( anecb II B nanbHE i!IUeM W I •11 1 It I OTHOCIITCII K BbiCOKO'iaCTOTHbiM 

Kone6aHHIIM , Pe H (<) 
He napMOpOBCKHe paAHYC II '18CTOT8 aneKT-

pOHOB ·COOTBeTCTBe~.HO ) • 

nocKOnbKY H8<: 6yneT HHTepeCOB8Tb BnHSIHHe BbiCOKO'IaCTOTHOil Typ6yneHT-

HOCTH Ha AHCnepCHC HHbie CBOi!CTBa nna3Mbl ·B o6naCTH HH3KHX qaCTOT 1 Ue­

necoo6pa3HO IICKOMI>Ie BenH'IIIHbl npenCT8BIITb B CnenyiOIU9M Bllne: 

• (e) (e) (e) 
f • f + F 

;ce> -nonHall cjlyHKUIIH pacnpenenea1111 aneKTpOHOB
1
.F (e) II (

(e) 
-ee 

(2.2) 

(2.3) 

Typ6yneHTH8Sl II pei'ynHpHaSI 'laCTII COOTB9TCTB9l!H0o AHanOI'H'IHO E II {f, 

-•Typ6yneHTHas 11 p"rynspaas 'IBCTH aneKTp11'19CKoro nons. non Typ6yneHT.Hoil 

'iaCTbiO Mbi nOHHMa 3M F (e) • f (e) - < f'Ce) > , E • E - < E > 
1 

noll perynSipHoil 

- r Ce>. <r·~ 11 {f, • < E > 3aaK < •••• > oaHa'laeT ycpeAHeHIIe no 

CT8TIICTII'i9CKOMY a 1CaM6niO. 

YcpenHIISI ypa3H.eHIIe (2.1) no CTaTIICTH'ieCKOMy 8HCaM6niO II Bbi'IIIT8Sl 
(e) (e) 

nonyqeHHbiH peaynb raT 113 (2.1) 1 IIM99M CIICTeMy ypaBH9HIIH nns F H I 
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(e) (e) !I I (e) (e) ( ) ( ) 
of of u a I a1 • e oF • 
--+v -+...!... & -- + ..!..(6; ---& ->• -·<E -> + 
at • a z m • a y. H '¥ ax X a y m. • a y. 

c a <•> a (e) 
+ --< E -- F -E -F > 

H '¥ ax X a y 
(2.4) 

(2.5) 

PaanoJKHM 
(e) (e) 

• F H E no perynspHOMY non~ c ToqioCTb~ AO nepsoro 

nOpHAKa, H F(e) - no Typ6yneHTHOMY C TOqHOCTb~ AO neJ,BOrO nopHAKS, 

nocneAaee paanoJKeHHe noasonseT yqecTb sljlt!JeKTHBHbie Typ6yneaTHbie coyAa-

peHHH C TOqHOCTb~ AO E~ •W 

of<•> of (e) iJF(e) oF(e) ~F<•> 
o o e c o E __ o > 

~t + v.-;--z •- -< E -·>---·-<E --· 
Cit u me s,o iJv z H y,oiJx x,o ~y (2.6) 

"I<•> a I<•> aF <•> ,..,I<•> a ( •> _, <•> 0 I I e I c or F I e "I 0 
at+ v.-;rz-+ -;;;-< Es,o Tv"> + H < Ey,o a;- - Ex,o -a->+-&. -a + 

• y m8 vz 

(2,7) 

(2.8) 
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a 

a F (e) a FCe) at (e) 

--1·+ v __ I_ i _e_ E __!!. + ~ E at . z az m
0 

z,l avz H y,l 

at (e) 
__ o_ +-!.. E 
ax me z,o 

a£ (e) 

---'­a., 

a (e) at (e) 
c ~ c 1 

--·E -1· -E -+ H x,o ay H y,o ax 
aF. (e) ' a~ (e) a E Co) 

..!... & _11_ + !.-( & __ & _o ). 0 
m. z av. H y ax X ay 

(2.9) 

3neCb cpyHKUtH 
(e) (e) 

to 'F o H Eo He 38BHCSIT OT perynSipHOI'O nOIISI l1, 1 

t (e) 
I F 1<•> H E 1 - nponopuHoaanbHhi eMy

1 
t ~·> • f <;> ( x , v • ) • 

8 COOTBeTCT 3HH CO CK838HHblM BbiWe npeanonaraeM ypaBHSHHe (2,6) Bbl-

nonHeHHhiM, Pa3/10lKHM see HCKOMbie ¢YHKUHH B HHTerpan ¢>ypbe, PewaSI CHC­

TeMy ypaBHeHHH ( 2.7) - ( 2,9) COBMeCTHO C ypaBHeHHeM div El •4trp l 

nony'IHM JJ.IISI nOT€HUH81lbHblX KOI1e68HHJ!: 

-I ( w -k v 
( ) ( ) "'(0) "' (e) 

)f 
0 + & A ( k l t e •- D f (e) - D t & + 

• • I k k 0 l,k 0 · k 

a (<) 
a fo 

+a;-n •• a;-·+ 
• • 

a (e) 
to 

Dxza;-
• 

3aecb sseJJ.eHh! o( 03Ha'leHHSI : 

k - I k 'Q) I I dk I - dk I d 6) I I 

a (e) a (o) a to to 
+ ~Dzx a;- + 0 xx-a;- • 

(e) 

flk 

• 

- KOMUOHeHT8 ¢lypbe 
t (e) 

I 

"' a o<o>•-!Jdk 1 1E lA 
ot1 

(k 1 ,k-k 1 l A(-k
1
,kl; 

c.~-w - (k -k )v 
I • Ia • 

.... 2 

(2.10) 

(2,11) 

D•fdkiE 0 I 
I ,kl 

1 
A(kpk-k 1 ) A(k,-k1 l-A(-k1ll (

2 12
) 

w-Q)1 -!k 8 .,k 1Jv. w 1-k1.v,. • 
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4rre
2 

i 2 It It -It 
D • -- J d It I' E t -k. a lz 

zz ~ 1 O,k k. .. ... 

6) - It v • 
m • • I It-~< ,I (ru -It v )(ru -ru -(It -It )v ) 

1 h z I a l;o. a 

dv' 
I f • <•> .... .. .. aea [A'(-It,lt)f +G; A'(k -It) 

l1t-k
1
lf n(CoJ-ru ,It -It) (ru-ru -(It -It lv'l 

1 
l,k k ' 1 

I 1 1 a Ia • 

(2 .13) 

A'( <a> 
(ru

1

-lt v') -Itt )f (v'l1 
•• • 0 • ' 

4rre c 2 It It -It It It - It 
D ·--f dk IE I [-1r x tx-I-. • ts 

x,• m B 1 0,1r. 1 ~ .. . 
• l1t-1t 1 lk 1 ru-ru 1 -(lt

0
-lth)v

8 

(2.14) 

kly ltx -klx lty 

lt-"k,lk, 

1t 1 1 dv' ,(a) 

• 1 Ieaf • (A1-k1 ,1tlf1k+ 

1 
.... I a ( , (ru 1 -lthv

8
) It-~ fn(ru-ru

1
,1t-lt

1
l ru-o 1-ir..-~Jv. 

<a> 
+ G; k A' (It , -It 

1 
) A' (-It ) f ( v ' ) ) , 

ru -It v' 1 o z 
1 lz • 

w-ru -(It -It lv 
1 z lz z 

lzltly -ltlzkly 1 
-,...--,---·--1 

It \k-k I ru-lt v' 
I 1 1 lz z 

D z,x 

4rriec 2 It It -It It 
- ---Jdlt~E I [ 1

• y ly ... 
m H I O,k 

• I It \k _ .. I 
1 kl 

-------+ 

(2.15) 

9 



dv' (~ 

... .. 
I I

. ... ... I e
4 

J 
a 

• (A'(-Ir.l,lr.)f lk (v:) + 

Jr.-Jr. I f ll(w-wl,lr.-lr.l) w-w -(Jr. -Jr. lv' 
1 • la • 

+~A'(Ir. A'(-Jr.)f~(') ,_Jr.
1

l _ 1 0 · v. 
) 

417c 2 2 Jr. Jr. -Jr. Jr. 
D •-- J dlr. IE I [ ly " lx Y 

"" H 2 I O,kt ... ... ' 
Jr.! I Jr.- lr. II 

Jr. - k 
ly 

w-ID -(Jr.-Jr. lv 
1 • •• • 

lr.l Jr. -Jr.. Jr. 
yx ~. lr.ly ] . 

lr..lk"-k\1 ra_ 1-·lr.lsv • 

(2.16) 

dv' ' . J • (a) (II) IJr.-lr.tlill(ID-c.~l,k-1•) ID-Ci> -(Jr. I. ) , (A'(-Ir.I,Jr.)flk (v'l+& A '(Jr. -Jr.) IA'(-Ir.Jfo(v') ·z 1 - ,. v a a k • I I) 

~ ea 

Ci>l-lr.ls v'• 

.. 
I 

<E ,E* ,>·IE I B(lr.l-lr.;l; 
0, 1<

1 
O,k I O,k 1 

.. lr.l 
EO,kt • -r; E O,kl 

(2.17) 

A (Jr.) 
ea il 

- -;;;- -; r;-
. a • 

c ky iJ 
+ ar·-r;-' A' • A l_a __ • _L 

ilv iJv' .. . 
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]r; ]r; - ]r; ]r; 
t lx x I r 

]r; _, (2.18) 

in~~» ,1) -naseAHall llHsneKTpa'lecKall nposauaeMOCTb nna3Mhl. 

fiOll'lepKHeM, 'ITO nonyqessoe ypaasesae (2.10) cnpaB3ll'n&aoo a paMxax 

noKan&soro no.nxolla /10,11 I • nosToMy a npaaelleHHhlX Bhiwe Kos<!MjlauaesTax 

1 v 
oTCSpoweHhl 'lneHhl nopllllKa -r--· a ......;.:ta.... , r.ne 

a C&Jue• 
a -p83Mep H90ll-

HOpOllHOCTH, no TeM lKe npH'IHH8M0 K8K HeTpyllHO IIOK838Tl,, KOS<!MjlHUHeHTbl 

~ 1 
OTHOCHTenbHO M&nhl, K8K H , B Cp8BH9HHH "\!: k, .. 

H D ox 

c o .. 
Llan&seAwee ynpomesae xos<!MjlauaeHTOB D 11 MOlKeT 6biTb nony'leHo, 

ecna B IE 0 ~ (.a BhlllenHTb nonolKHTen&HO H OTpaua1·en&Ho 'I&CTOTHhie .. , 
'18CTa

131• npa 9TOM B cjlopMynax (2.11)- (2.14) BM9CTO Bblp8lK9HHll IEo .. l~ 
, I 

llOnlKHO CTOliTb 

OJ~ <1, l 
. ,. . (Nt/HOJ1-0J(r1 ll+N_t

1
8(01 1-+ OJ(k~1 ll. 

, n <01 " li 1 ll 61 -ct ·, 
I I 

B 9TOM BblpalKeHHH OJ ctl ,_ <-t, l • a N ~~ ..qacno nna3MO iOB Typ6yneHT-

HhlX nyn&cauaA. 
~ 

B cny11ae OJ«OI(k 1l a k <<k 1 a nOllHHTerpan&HhlX Bh palKeHHliX (2.11 )-

(2.14) BKn&llhl nonOlKHTenbHO H OTpHU&TenbHO '18CTOTHhlX ~aCTeA B Clonb­

WHHCTBe II:OS<!MjlHUHeHTOB IIO'ITH II:OMit9HCHpyiOT llpyr llpyra, ltt19TOM)' pa3no­

lK9HHe llOnlKHO ClblTb Cllen&HO llOCT8TO'IHO TWaTenbHO. 

Yllo6see acero a ll&BHOM cnyqae a oTpauaTen&Ho 'ISCT>THoA 'I&CTH npo­

aeCTH 38Me&y nepeMeHHhlX T8KHM oelp830M 0 'ITOClhl B pe3yn& raT BXOllHnO 

OJ ]r; 
TonbKO N Jt, H pa3nOlK9BHe ItO CTeneHliM -c;;;- , -r-;- • 3aMeTHM TaK-

lKe, 'ITO BHll K09<1$HUH9HTOB Dlj 38BHCHT OT X8p8KTepa B,'l. Clt9KTp8 

(OllHOM9pB8ll HnH H30TpOIIH8ll Typ6yneHTHOCTb), 3TO CBli38HO C TeM; 'ITO . ... .. 
npa6nalKessoe 3Ha'leHae TeH3opae~1 ,k-k,>,. BXOllllmero a 3t aMeHaTenh o 11 , 

MOlKeT 6b1Tb npellCT8BneHO B BHlle 
... .. . .. dt .... 

En(Q)-OJ1 ,k-k 1 l~'n(e~~ 1 ,k1 1+-a n((o)-kv•l+ 
.. 6JI .. 

v -• 
dOJ I ( k1) 

d k" J 

II 



3.QeCb B nepBOM llf•H6~H:>KeHHH, KOI"'.Qa cneKTp MO:>KHO npu6nu:>KeHHO C'IHT8Tb 

ll( ( .. ) .. ) Ill) 
nHHeiiHbiM, t . ru 1 k 1 , k 

1 
• 0 , a y'I~T 'lneHOB co BTOpbiMH npoH3BOAHbiMH· 

Heo6XO.QHM B CBSI31: C OTMe'leHHOil BbiWe KOMlleHC8UHeil, 0.QH8KO B O.QHOMepHOM 

cny'lae BKna.Q BTOJ:blX llpOH3BO.QHbiX OK83biB8eTCSI ManbiM, TaK K8K nocne.QHHe 

CBSI38Hbl C aqxpeKTIIMH npocTpaHCTBeHHOil .QHCnepCHH ( TennoBOI"'O .QBH:>KeHHSI), 

noaTOMy q,opMynbi .Qml K03qxpHUHeHTOB OIJ HMe!OT BHA, aaanOI"'H'IHblil nony-

'!eHHbiM B/4 /, HMESI B BHAY 3TO 06CTOSITenbCTBO, HH:>Ke llpHBOaHMllpH6nH:>KeHHble 

B ycnOBHHX, Korna aqxpeKTbi Tenno~oro 

ABHlKeHHSI a cneKTpe Kone6aaHl!: w!1 1 ) H B tn<ru-ru1 , k-k1lnpeae6pe:>KHMO Ma-

MA) ) 
nbl , HO Y'IHTbiBHIOTCSI BTOpb!e npOH3BO.QHble B (2,18 , no.Q'IepKHeM, 'ITO 

"' HHKaKHX orpaHH'IeHHil, KpoMe To-Ha aenH'IHHY -r;- He HaKna.QhiBaeTCSI noKa 

ro, B nanbHel!:weM y.no6ao B Koaq,q,uuHeHTax OIJ 

OHanbHy!O 4lyHKUHH I I(:) HnH HHTerpany OT Hee) 

OCTanbHYIO '18CTb 0 11 , nponopUHOHanbHYIO 

0(2) t TO!"'.Q,I: ( 0(2
) •0(2) +0(2)} 

IJ ~) ~ 

(I) 

0 •-·1 •• 

( e) 
n 

1 
em k k 

.[-~-~~·· lr x 
n 0 He n 

0 
k 1• 

( 
(e) (I) 

. j +l 
lk,• lk,• 

)] N,. 
Itt 

&k 

Bbi.QenuTb '!aCTb, nponopuH-

H o603H8'1HTb e~ O(l) 
IJ 

, o6oaHa'IHM qepea 

(2.19) 

Ill) 
B §7 co.nep:>KH"CH' oueaKa, noKa3biB810111aH, B KaKHX ycnoBHHX npeae6pelKe-

HHe fJI(w1,ft)38KOHHO, 

llltl) B §4 paCC.M01peabl .QHCnepCHOHHble CBOi!:CTBa IIII83Mbl B o6naCTR RH3KHX 

'18CTOT npR H~nH'IHH O.QHOMepaoil B,'l, Typ6yneHTHOCTH, 

12 



D 

(I) a k1 k ~ e ·Nl N .. ~ D • -1 
··<-> I a t Iris kal kl 417 m • 

(ll) a 
Jdk 

Cll(i."l)kyk:,.k Is "· e 
xs(-) 217 1m a I 111a. ks k 

• 

(ll) 
D 

xa(+) 

3 e 8 k I Y k lx k • 

• - 1 -,'!1-m~a-CII--· J ill k Cll (CII- t v4 

(e) 

f 
(e) 

- f I, k 
n 

l,k 

• pe He ·a 

d v, ; 
• 

(IJ) (IJ) 
· f 'I (v')dv' 
l a.-.• •. 1 k • • 

k .. - ·k • 
---!.!.-·~ (2.21) 

Cll" (CII- k .. )1 
Be • 

( ks. k Y -k1Y~•) 
N .. 6;k (2.22) 

(u- k .. )I kl y .. 

(2,23) 

(2,24) 

n 0 - paBHOB8CH8ll nnOTHOCTb nna3Mbl, 

B cny'lae OllHOMepiiOA Typ6yneHTHOCTH STH KOS$jlH!lHOHTbl MoryT 6b1Tb 

nony'leHbl H3 pe3ynbT8TOB pa60Tbl/4/ nyTeM 38M8Hbl 1: H8 k 8 Y a , 

nony'leHHble pe3ynbT8Tbl ll03BGnliiOT Oll8HHTb pa3nH'IH >Ie KOaq,¢HUH8HTbl 

D • HanpHMep, D 0 COlleplKHT MHOlKHTenb Cll-k." •• npa cpaBHeHHH c nepBbiM 

a 1 
•meROM neBOA '18CTH (2,10) MOlKHO no DOpllllKY BenH'IHH C 1 iHT8Tb ......--•-. 

A (1 *·JI! y.J'e 
3TO DOit83biB8eT, 'ITO Bttnall D 0 HM88T OTHOCHTenbHbiA ll+lp!lllOK -<<l Bo 

A • no-T. 
cne~:toBaTenbHO, ttoa$jlauaeBTOM D 0 MOlKHO npeae6pe'lb, ToT lKe BbiBOll 

A 

MOlKBO nony'IHTb llnH D • npaBelleM ll&nee 3B8'18HHSI ttoa4jMIJHUH8HTOB D II 

llnH Bb1COK0'18CTOTHOA Typ6yneHTHOCTH C noneM BOnHbl E , DOnllpH30B8HHbiM 

BllOnb BB8WHero M&rHKTHOro nons, CO cneKTpOM 

(I) • 

D •• 

13 
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'I 

:i 
ll. ". •I 
i[ 

L __ _ 

(2) 

D •• 
a 

"' He 

OcTanbHbie Koa$11HUH·~HTbi OKS3biBaiOTC!I paBHbiMH aynro. BbipalKeHHSI (2.25 1 

c 4 fl)(t
1
l .., ..,1 2,26) rrony'IBHbl B II!=BiliiOnOlKeHHH :-:."J"'·<<l H >>-· 1 8 >:q,---r:-

v 
11 

y_!ji I fl)l k • I I 

§3. H enHaeAaa2 llHSneKTpH'IeCKSSI rrpOHHUaeMOCTb rrna3Mbi 

JlnSI IIOTBHD HSnbHbiX HH3KO'ISCTOTHblX Kone6aHHA 

Bo BCeX paCMO rpeHHbiX 'ISCTHbiX cny'ISSIX1 HBCMOTpSI HS pa3nH'IHYIO 38-

BHCHMOCTb K0:3$11HUHOHTOB llH$11y3HH OT CIIeKTpa 'ISCTOT cyp6yneHTHbiX rrynb-

CSUHA, HX 38BHCHMOC Tb OT CKOpOCTH V SIBnHeTCSI o6meA JlnSI scex cny-

'Ia ea. 3To rroaaonSie1 1 BbiJlenHB aaaHCHMOCTb o'l' v • 1 aaATH o6mee BbipalKe-

HHe JlOISI llHSneKTpH'IE CKOA IIpOHHUSBMOCTH IInS3Mblo 3arrHmeM cneJlyiOmHe OIIpe-

JleneHHSI: 

(3.1) 

(I) n (el (e) (I) 
D xz -(dxn 1 ,+dx j lk,z + jlk,Jt 

)) (3.2) 

(2) 
D - (..,- k v ) & 1'1 •• • • k • (3.3) 

(3.4) 

14 



npH 3TOM ypaBHeHHe (2,}0) QnH ~YHKUHH fl MOmHO aan~CaTb B BHAe: 

lb iJf k a1o a a10 
-1 ( ru- k v lf + ..!....-~,(k - 0- + --X -r-)•-i --(c;.-k v l-.:--v . 

• • lk me k • av. "'ael1x av. • z av. 

(e) . I (e) 

n lk + d ( j lk,z + 
(I) 

j•lk,z )) + 

Ha aroro ypasHeHHH cneayer: 

f lk -
_....;;.. ___ ..!,_.(ru-k v ).!!!!_(dnn(o)+ i ('(e)+'(l) )) 

av z z iJv z lk z ltk,z I h,z w- k y •• • • 

a f o n (e) I (e) (I) 

<»- k v • • 
-(d nlk +dx(jlk,o+jlk,z )+ av X 

• 

a 
( w - k y 

iJv • 

e 

m 
e 

k 

HHTerpHpyH 3TO paBeHCTBO no d V z H HCnOnb3YH COOTHOillel He 

(e) (I) 
j +i 

lk,• lk,z 

w 
• --e 

k z 

(e) (I) 

(n lk - n lk ) ' 

15 

(3.5) 

(3.6) 

(3.7) 



'i;<' 

I'· 
li 

rrony'IHM 

(e) 

n 1k • & k l f 
d v. [ e a fo ltv . a f 0 

---=:..-- -ru It {lt•-av +- -ax l + 
ll.l It• v • e I z ll.l He 

(I) 
ar 0 o lk ar0 + j(~ -~It>--.--

X • • a v. &k a v 

ew 1 1 
--(id -ltd >l.l. 

)t X z z 

• 
(3.8) 

d ' aro [ n n ll.l 1 1 -1 ·I 1 +f-.&..--- <d 1t -id >+ -•-<~c d -id >ll 
f»- ~ V av z z X k z z X • 

z • z • 

I 
0603H8'1HM 'iepe3 fk -1 HOHHYIO 'i8CTb nHHeiiHOI"O TeH30p8 JlHaneKTpH'ieCKOi! 

!IpOHHU8eMOCTH nn.!3Mbl B o6naCTH HH3KOit 'i8CTOTbl 

4"ei (I) 

~'D lk•l + 
k 

Toraa H3 (3.8), (3.9) H ypaaaeHHH divE•4"e(J•>-o<0 ) 

(3.9) 

nony'IHM HenHHeiiH(IO JlHSneKTpH'IeCJcyiO !IpOHHUBeMOCTb nna3Mbl B o6naCTH 

HH3KHX 'i8CTOT: 

(e) 4"e2 
fk •l + -

m 1t2 

• 

d v 
f ll.l-lt 

• 
v • • 

- 1 (3.10) 

aro ..!I... ala 
[It a;-O+al+ -;r;-l • v Cll • He 

av ~ 1 + f • fJ 
Col -It v av 

(3.11) 

• • • 

16 



rae 

a • 

2 
m It 

-...:.•-::--w(id 
1 

4rr k 2e x 

I (I) m It ~x 
-It d ) ( E -U + --!.- ( ~ --- ) 

z • k e • k• 

{3 Clle (It d 1 
--It- •• 

I 
id 

n 
) + (d It 

n 
-ld 

X • •• oX 

(3.12) 

( 3,13) 

4aCTO OK83blB8eTCll JlOCTBTO'IHbiM paCCM8TpHBa·Tb l.B83HHel!TpanbHble KQ-

ne68HHll ( n (e) m n (II) ) , npeae6perall TOKOM CMelUiiHI:ll, npH aTOM E >> 1 
lk k . 

H BbipalKeHHe (3,11) ynpomaeTCll ( B '18CTHOCTH, HC'Ie38IOT 'lneHbl, nponOpllHQ-

aanbHhie 

I! 

(o) 
( 

k 

d j 
x,z 

4rre
2 

m k 2 
e d v a1 0 1 + f -w---1t -A.v-· _a_v_ {3 ° 

m k 
ao= -"--(,'; 

e 

z z • 

HiiJKe Mbi 6yneM HCnonb30B8Tb nony'leHHhie BbipaJKeHHll Jl.Ill Tea3opa 

np11 HccnenoaaHI!H pl!Jla '!aCTHbiX cny'laea, 

§4. llpel!ljloabre Kone6aHHll a cny'lae onaoMep 10il 

Typ6yneHTHOCTH 

(3.14) 

(3.15) 

( k 

PaccMoTpi!M anul!HHe BbiCOKO'IBCTOTHOil onaoMepaoil Typ6yneHTHOCTH aa 

nucnepcuoHHh4e caollcTaa nna3Mbi a o6nacTu HH3KHX qac1 oT. B aTOM cnyqae 

a ljlopMyne (3.11) aenH'IHHa v 8 

v .. 3 
g 

onpenenl!eTCll COOTH•>llleHHeM 

lr. I v ~e 
w 

pe 

17 

(4.1) 



T,e, eB!I38H8 e TennQI,biM /lBH)f{eHHeM (K8K H Jln!l neHrMIOpOBeKHX KOne68HHii 

s nnaaMe 6ea MarHH1Horo- non!!), 

11a ljlopMyn (2.n-2.16) KpOMe Toro, eneayeT, 'ITO see Kosljllj!HuHeHTbi 

B ypasHeHHH Jln!l f I (2.10) p8BHbl Hyni0138 HeKniO'Ief1HeM D (? z 

H D (I) 11enonb3YSI 0603H8'1eHHSI § 3, nerKO H81iJleM (eM, T8K)f{e/l 2 f) 
•• 

(e) 
l 

k 

, .,2 k. 
g --~2 

me v re ru pe 

a (e) 

k v . fo 
---- -l ax (i) 

He 

dv a1C•> 
f • 0 ;;;:;-;- a;-

d k I 

f w- k v 
z • 

• • • 

(4.2) 

(4.3) 

( 4.4) 

(4.5) 

PaeeMOTpi!M JlHcnepeHOHHoe ypasaea11e =0 s o6naeTH '!aeToT, 

onpeaenHeMoli aepase 1eTB8MH k .v T 1<< AI <<It • v Te , HMeeM 

rne 

, 
l+g0+ i...;.-2-

18 

a& Te ., ___ _ 
a& n 0 

(4.6) 



VIa Bblp8)1{9HHH ( 4.6) CneayeT, 'ITO HBHOOnee CHnbHOe BnHHHI e OK83b!B89T 

B. '1. Typ6yneHTHOCTb, ecnu g >!> 1 I npH 3TOM 

(e) 
l - 1 + k 

(e) 
lml 

k 

__ cu_,.. __ (...,!. - I l] 

k z VTo 2 (4.7) 

g It ll v ~. 
(4.8) 

TaKHM o6paaoM, npu '1> 2 npoucxoauT CTa6unuaauuH KHHeTJI'!ecKoll ueycToli­

'IHBOCTH OTHOCHTenbHO TOll BeTBH KOne6aHHll, KOTOpBH B nHHI!l!HOM npu6nu­

)1{9HHH cooTBeTCTBOBana ObiCTpoll apelltPOBoll aonue. 

Ecnu g 38BHCHT OT C'U , TO MOI'YT B03HHK8Tb HOBbll! HenuHellHble 

BeTBH KOneoBHHll, B TOM .qHCne H HeyCTOii'IHBble I'HJ:1p0l1HHBMH'19CKH • 

nycTb CU «lt.v • , TOI'l1B H3 (4.5) HeTpyaHO nony'IHTh 

1 cull dlt I 
- -...IlL-· f w ~· 
12 v ll n T kl It 

Te 0 ° I 

oTciOaa g ». 1 npu 

(W • f W dlt I 
kl 

3TO Hep8B9HCTBO nei'KO MO)I{ST BbinOnHHTbCH 

w 'i:"'r""' «1 npu aocTaTO'IHO 6onbWHX 
"o e 

(4.9) 

( 4.10) 

OTMSTHTb, 'ITO, TBK KBK g >> 1 ( XOTH H He 38BHCHT OT C'U ), 3HB'IHTenb-

HO H3M9Hli9TCH cneKTp KOne6aHHll ( V •VT Y m 1 )I . 
• e 

( 4.11 ) 
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'lr 

~ 

I .. 
i 

H npH k
8 

V 
8 
<<Vs cu * HMeeM QnSI 6biCTpOH B8TBH 

Ct) .. cu. g. ( 4,12) 

3 

» 12 
ka VTI "Te 

cu. ,. 
!jll 

" YcnoBHecu>>kzvTI BbmonaSieTCSI, ecnH ---
n0 T• 

nnSI MeaneHHOH B8TBH H3 (4,11) nonyqHM 

k2 v 3 
( 4,13) z • 

"' --
H npH 'I > 2 <>Tt sonaa pacKaqHsaeTCSI, 

Y.nosneTBOJlHM ycnoBHSIM, npH BbmonaeHHH KOTOpbiX cnpaseJlnHBbi pe3yn&-

TaTbl (4.9)-(4.12); 

0TCIOJl8 

v • 
v 

HnH V a>> V s v!jlt «3y m 1 , 3To 03HaqaeT, qTo 
, f03TOMY v Te me 

w »~· 

( 4,14) 

(4.15) 

(4.16) 

Hap SillY c BbinHC aHHbiMH ycnoBHSIMH cneayeT TaKlKe yqecT& aepaseacTsa §7, 

onpeJlenSIIOlllHe f,Q3MOlKHOCTb npeae6pelKeHHSI Typ6yneHTHbiMH COy.llapeHHSIMH, 

nponopUHOHanbH >IMH W 
2 

nycTb Tenepb rpynnOBaSI CKOpOCTb BbiCOKOqaCTOT-

HI>IX Kone6adall QOCTaToqao Mana, TaK qTo 

"' >> k v 
(4.17) 

z g 

B <>TOM cnyqae ~ CTaHOBHTCSI !jlyHKUHeil OT "' 
3 k2 v 2 w z Te g -. 4 2 

n 0 T • w 

(4.18) 
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H IIOSIBJISIIOTCSI COBepWeHHO HOBble rHllPOllHH8MH'leCKHe Hen~ HeliiiO-Qpeli$OBbie 

Kone6aHHSI, Ecna npH 3TOM g > 1 , 3TH KOJie6aHHSI CT8HilBSITCSI HeyCTOli•IH-

cu -
1t.iv'3 

2 

g » 1 , nony'lHM: 

3 cu * t/8 w t/8 
ltv <--l (-) 

z T• 4 It z v Te n 0 T
8 

(4.19) 

BbtSICHHM o6naCTb npHMeHHMOCTH nony'leHHoro peweHHSI (4.19), Y'lHThtBaSI, 

, HMeeM 

w 
1» 

cu* 2 
» <---l 

It v 
z Te 

( 4.20) 

3TO 03H8'l8eT, 'ITO paCCMOTpeHH8SI HOYCTOli'lHBOCTb ( 4,19 h!O>KeT pa3BHB8TbCSI 

cu* 
Ha BeCbMa M8Jib!X QJIHHBX BOJIH It >> -­z , TeM MeHbiiJHX, 'leM 6onbwe 

v Te 
aeot~aopot~HOCTb nnaaMbi, KpoMe Toro, cosMeCTHOe 

It z v 8 . It z v 
8 

<< cu << It z v '1'e 

IIpHBOllHT K YCJIOBHIO 

w 1: v m 8/2 3 v 
1» ->> --• _!!, max I <--·) . ( 

D 0 T e cu* ml v 

BbinOJI {eHHe HepaBeHCTB 

8 
Te ) I, (4,21) 

KOTopoe orpaHH'lHBaeT B03MO>KHbtP. aeycTOli'lHBbie llJIHHht so. 1Hbl CHH3Y. Ta­

KHM 06pa30M, (CM, T8K>Ke §7), 

v 
To 

m B/2 
min I ( -=.L. l 

m 
e 

Vrt,, 8 
(~) l»k » 

v z 
'Te 

v 
·Te 

( 4.22) 

.Qng peaJ!bHOro IIpOSIBJieHHSI HeyCTOli'lHBOCTH llOJI>KHbl 6hiTb e11e BblllOJIHeHbl 

HepaseacTsa ( 4.20) a ( 4.21) H ycnoBHSI §7. KpoMe Toro, r pH aaanaae HHa-

KO'laCTOTHblX BeTBeli KOJie6aHnli Mbl npet~IIOJiaraJIH, 'ITO CIIeK ~p BbiCOKO'faCTOT­

HblX sonH OllHOMepHhlli. TaKoe npet~nono,•<eHae Mo>KeT 6bJTb <·npast~aHo, ecnH 

X11p11KTepHble 'l8CTOTbl a· HHKpeMeHTbl (t~peli$OBbiX KOJie6aHHli I 3H8'lHTeJibHO 

npeBOCXOllSIT o6paTHOe BIJeMSI H30Tp0IIH38UIIH BbiCOKO'laCTOTHI>IX KOJie68HHli 

aa C'leT paaHoro pot~a HeJIHHeliHbiX 3$cpeKTOB. B Ka'lecTse or.aoro H3 rrpaMe-

21 



pOB MO)I(HO CpSBHHTb HHKpeMeHT (4.19) C o6paTHbiM BpeMeHeM, Xap~pH3YIO­

IUHM H3MeHeHHe H8U JaBneHH!I neHI"MIOpOBCKHX BOnH. HB yron 8 < V ..:!.:Le UpH 
.. v cPl 

HX. HHllYUHpOBBHHOM plCCe!IHHH HB 38M8I"HH'IeHHblX sneKTpOHBX nna3Mbl Y"' 

w v ~ v "'I m W v $1 6 (l)* ~ k 3/2 
- -(2") H _:!_<<3.,j--!..., Dony'IHM --« (---} (-) (-"-) , 

pe DoTe v $1 v Te m I "o T e v Te k • v Te k h 
CneayeT OTMeTHTb, q ro nony'leHHbie aaecb orpaHH'IeHHB oKa3biBBIOTCH aecy-

mecTeeHHbiMH B OTHOCHTBnbHO Cna60M MBI"HIITHOM none, KOI"llB ~I >> (l)He , 

• HeTpyaao BllllBTb, 'ITO sTo ycnoe11e MO)I(eT BbmonHHTbCH B lUll-

pOKOH o6naCTII napaM~TpOB, KpOMe TOI"O, OllHOMepHbil! cneKTp B,'l, Typ6yneHT­

/lQ/ 
f!OCTH MO)I(BT cymec rBOBBTb B !lnHHHbiX CIICTBMSX 1 B KOTOpblX OCyiUBCT-

BnSieTCSI CTBUHOHBpHO" B036y)l(!leHHB B,'l, KOne6BHIIH B!!Onb MBI"HIITHOI"O nonS! 

11 nornome1111e HX Ha ~TeHKax. EcnH 1130Tponii3BUHH npoiiCXO!liiT aa epeMeHa, 

MeHbllliiB __ l__ , T) B HeOI"pBHII'IeHHOH nna3Me f!e06XO!!IIMO nH60 C'IIITBTb 
(j) 

Typ6yneHTHOCTb 1130TI•OUHoll ( §5), n116o y'IHTbiBBTb, 'ITO npouecc 1130TpOnii-

3BUIIII KOne6aHIIH COnpOBOlK!(aeTCH nOSIBilef!HeM Typ6ynef!Tflb!X nyllbCBUIIli HS 

k~t c 2 

'IBCTOTBX (l)pe + -.;... ( §6), Mbi nOK8)1(eM, 'ITO H30TpOnHbie nynbCBUIIII 
2 (l) pe 

3HB'IHTeJibH<) cna6ee CK83b!BBIOTCSI HB llpeiltjlOBbiX KOne6aHHSIX, He­

k2IJ.C2 
+·-)l(enll B O!!HOMepHOM c:nyqae, B nynbCBUIIH (j) 

pe 

HO 113MeHHIOT H113KO'I.lCTOTHbie CBOHCTBB nna3Mbl, 

2(l) 
pe 

§5, lJ.peil!jl<•Bbie KOne6aHHSI nna3Mbl npH HBIIH'IHH 

H301'pOnHOH Typ6yJief!THOCTH 

BeCbMB s!jltjleKTHB-

PaCCMOTpiiM Telepb cnyqal! 1130TpOnf!Oli Typ6yneHTHOCTH, KOTOpaSI MO­

)I(eT B03f!HK8Tb KBK npH B036y)l(lleHHH KOJie6Sf!Hll C MBJIOH CTeneHblO 8f!H30-

TpOnHH1 TSK H B cny•:ae, KOI"lla XapaKTepHOe BpeMSI 1130TpOnH38UHH Kone6a­

HHH OK83b!BBeTCH MBl.blM B CpaBf!eHHH C HHKpeMeHTBMII ( llBKpeMeHTBMII) HII3-

KO'IBCTOTHbiX KOne6aHIIll. 8 STOM Cnyqae cneKTp neHI"MIOpOBCKIIX BOJIH HMBBT 

Bllll 

(j) 

I pe (5,1) 

H llpll Bhi'IIICIIBHIIII liX rpynnOBOH CKOpOCTH MO)KHO 1Ipc>He6pC'lb LpOCTpaHCT-

B8HHOA llliCDepCHel ... 
v 

w 
pe -+ 

= --3- sgn ( k I z ) I- k lz k t.l.• k 1.1 
~ l 
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11a cpopMyn (3.1 - 3.3), nonaras BMeCTo (3.13) 

f3•dnk 
• • 

nony'IHM 

D ~~~ k • 

-1 ( C'&l- k \' ) D (e) 
• • lk 

(5.3) 

PaccMOTpH~ cnyqall w<< k v 8 , npH aToM nocne HHTerpnposaHHH no 

/16/ 
yrnaM , nony'IHM 

-1 I w (5.4) 

nonCTaBnHH 3TO BblpalKeHHe B ypaBHeHHQ f k • 1 (eM, (4.2) 1, nerKo y6e-

AHTbCSI, 'ITO B ASH HOM cnyqae BnHHHHe B, '{, Typ6yneHTHOCTH Cf OAHTCH K MSnbiM 

nonpaBKSM nopsutKS __!__ , 3aMeTHM, 'ITO norapHcpMH'IeCKS:I paCXOAHMOCTb, 
•o T. 

B03HHK810Ul8SI B (5,4), npH lc,a.:+ 0 TOnbKO KSlKYUlSSICH, TSK ~aK B npenene 

npH Bbi'IHCneHHH v • HeOoXOAHM Y'I~T 'lneHOB, CBSI38HHbiX C 

• kl • 3 v2 
TennOBbiM ABHlKeHHeM, H Torna BMeCTO Ul oyneT C1·0S!Tb m 2 .---1:&,. 

(k-k
0

) 2 v,q,1, 
npn k .l « k• ( vTfv 41' ) , Cny'lall w « k v • He npencTasnseT HHTepeca, TaK KSK 

B aTOM npenene f3 eme MeHbwe, 'leM (5.4). OnHaKo ~anoe naMeHeHHe 

AHCnepCHH MOlKeT KOHKypepOBSTb C acpcpeKTOM KOHe'IHOrO napMCpOBCKOro pa-

/11/ 
anyca. KaK aasecTHO , scpcpeKT KOHe'IHOro napMoposcKoro Janayca B nnaa-

Me, He Typ6yneHTHOll C '7 << k
2 

p 
1

2 
, npHBOAHT K paCKa'IKe ApeliDOBbiX KOne6a­

HHll, Typ6yneHTHOe H3MeHeHHe 'ISCTOT npellcpOBbiX KOneoaHHll npOHCXOAHT B 

npOTHBOnonOlKHOM HanpasneHHH, H eCnH Typ6yneHTH8SI nonpaBKe K 'ISCTOTe 

npeBOCXOAHT acpcpeKT KOHe'IHOrO napMOpOBCKOrO p8AHYC8 HOHOB, TO HanH'IHe 

Typ6yneHTHOCTH npHBOAHT K CTa6anaaauaa npellcpoBbiX Kone6~H~ll. Ycnoane 

CTSOHnH38UHH HMeeT BHA 

"1 > . w 
:-;-·· (5,5) 

0 • 

T,e, CT8oHnH38UHS! B03MOlKH8 nHUlb npH 

• . I I 
MSnbiX o I130Tp0n118R Typ6yneHT-

HOCTb Ha 'ISCTOTax w I llt.l . pe--r;-- He MOlKeT cyuteCTBeHHbiM o6pa30M H3Me-

HHTb TSKlKe Han6onee onaCHble rHAPOAHHSMH'IeCKHe npellcpoBble HeycTOit'IHB!)CTH, 

3TO, OAHSKO, B03MOlKHO .QnR Typ6yneHTHOCTH HS 'ISCTOTSX (&) + 
pe 

k f.lc 2 

2fll 
pe 
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§ 6. JlpellljlOBbl6 KOne6aHHSI npH HSnH'IHH B nna3M6 

H30TpOnHblX HenOT9HUH8nbHblX KOne6aHHJI 

npeanonolKHM, 'ITO B nna3M6 HMeeTCSI HHT6HCHBH8SI H30TpOnH8SI Typ6y-
t lt:l.c ~ 

neHTHOCTb CO CnE KTpOM 6) I • 6) pe + 
2 

6) • 06po!ITHMCSI K KOsljlljlHUH9HT8M 

l1Hijlljly3HH (2.25) H (2 .26). npoCTbl6 oue'::KH nOK83biB810T, 'ITO nony'la6M8!1 H3 

(2.26) aenH'IHHa a0 « I • npeHe6peraH aenH'IHHoll a 0 • B llHCnepCHOHHOM 

ypasHeHHH .H acncnbay!l (2.25), paccMOTpHM p!!ll npeaenbHblX cny'laea. 

1. nycTb 6J(<k• VT•/6) >> kJ. V 
8 

, T.e. V a<< VTe 

HnH 
It << .-., pev ·:e 

I --C-2-·-· , TOI"AS AHCnepCHOHHOe yp8BH6HH9 noTeHUH811bHblX KOne-

6aHHll npH06peTaer BHA: 

w I ~ 
I+ iy- --- (.-.,-.-., 8 +.-., 8 -l 

2 kz v Te 2 -------=--=-=------------ 0 
" ..., Jtlc~ wt 

I+O+iV- --1--,-
2 It• v Te 6) • 4 n 0 T • 

8 o6naCTH HH3KHJ 'ISCTOT nOC116llHHll '1116H ( 6.1) MOlK6T 6b!Tb M811blM, H 

TO!" AS 

m • . --. 
ml 

(6.1) 

(6.2) 

noacTaan!!!l (6.2) a nocneaHall 'lneH ( 6.1), nony'IHM oueHKY, noKa3biB810UlYIO, 

xoraa caenaaaoe Ip.eHe6pelKeHHe aonycTaMo: 

-·>> " t (6.3) 

Ecna noacTtBHTb MaKCHManbHoe ...,. a ·(6.3) aa ycnoaaSI ..., >ltJ. v 
8 

, 
wt It~ v 4 m v 2 

TO (6.3) HMeeT BHll -»__..._..._._:a_ ~. 
a 0 T• It~. v~. m. c 2 " 

Y'IHTblB8!1 MHHMbW 'lneHbl B (6.1 ), nony'IHM1 'ITO KOnel5aHH!! (6.2) yCTOJI'IHBbl 

npH BbtnOnHeHHH HE paBeHCTBa 

> 2 • (6.4) 

nexpeMeHT 38TyXIIHH!I KOne6aHHll 

)'•2)2"; (6.5) 
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EcnH k2v2<<C'UC'U• 
• • 1 TO npH BbinOnHeHHH ycnOBHit 

2 k a a w 
• v To ·>>' -·>> DULX I 

(A)* kJ.C 
;:T"T-;-{ 

(A) k2.c2 n T 
• '.~ 0 0 

---- »1; 
k.L y. 

HMeeM cnenyiOmHit cneKTP 

... c Ql. 

k 2 y 2 

• • ·<< (A) << k • • k a YTo 

a 2 2 w 
C'U •C'U•k•c -. 

DoTe 

v a 
.-I.J I 

c 

v To 

k e v 
---&-A--1 
••' k I 2 -. .L c 

EcnH k
2

v
2

.>>C'UC'U• • • 1 TO H3 (6,1) nonyqHM 

' 2 2 2 2 w C'U•kvk,.c-
z • .. D T 

.0 • 

npHqAM 

2 2 2 2 
k 0 v 8 ltJ."O v ' W 

max I 1 1 ; d i.l ,(--!.-) I «-«mol 
k .j.,c k 

0 
Jv 

8 
o n 0 T 

0 

k' v' k ev e 
:.a......IJ. I_......_., 

k 2v 2k I c 2 11 ' k I C 
2 

~ 
k~v 8 

» 11 ~'~~• « k y ; 

• • 

•• J. •• 

C'U•k.L_v • . 
~-«1 

• • 

(6,6) 

(6.7) 

(6.8) 

(6.9) 

2, llyCTb (A) >> k.l-Y 
8 

, 1 HO (A) >> k y 
z To 

, Torna 

llHCnepCHOHHoe yp8BHeHH9 npHo6peTaeT BHil 
2 ks (A) ~ (A)2(A)• 

k2C'U 2 S I 
pe • 

(A) pi k J.. 
2 

(A) Ilk !I 
{1--1- ,..;-

• pi (A). 
(A) 

pe Q)* 

--+ 0+ ->-
(A) k y (A) 

kii(A)II kl 
:-· 

To 

(A) (A) kl 2 k 2 c Ilk 2 y ll -
0·(6.10) 

HI 
y (A) 

To 1
_ ..,! • To w -"'' 4n T 

0 • 
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PacCMOTpHM o6naCTb'f8CTOT, B KOTOpOii nocnellKHM •rneHOM B (6,10) MOlKKO 

npeae6peq&. 3ro npHBOilHT K cneKTpy 

~ I I 
a ~HI .fda "'HI 

~--,<---t> +v-o---> 
2 It I, .y•l - 4 It~ I . .. .. (6.11) 

CllenaKKoe npellnonoJKeHHe OTKocaren&Ko ManocTH nocnellHero ~neaa 

oKa3biBaeTCll cnpaaallnHBblM npa BblnonaeHHH cnellyiOlllHX aepaaeacra: 

' 8 W ~. ~HI 
-·» r·f-l I ~.»maxi 

D T kllo:l I lo: y 
0 • J.. • c Y Te _.. • 

I I I I 
lo:_.e k_.v T• W 

Ecna , __ >>"I , ypaaaeaae (6.10) npaBOilHTCll K BHilY 

~' ·a·. 

" I I II I "' + ~ "' •- lo:J,:" OJ• ____ ,. 0 
4 a T 

I TO 

" I . I I 
AI • _,AI •. k ... e -· 

•·o T • 

0 • 

npa BblnonKeHBH ycnoaaA 

It 8 • 
• .., Te 

mini 

I • 

26 

(6.12) 

(6.13) 

(6.14) 

(6.15) 



3, nycTb 6J < It V 
8 

, . 6J << It z v Te , 6J >> k z v 
Tl 

1 TOIIl8 

2 rr Tf l !,._ 6) 2 It 2 6)2 6) 6) 
1 + i v- <6)-6)·~ r vT o pe * pe 

2 . ·~-. 
pi • 

+ .. 
6J 2 W~ dt I 'rr c.J 

~·- 2 2 
k2v2 6J2k It v 6) 

1 ___ P_•_J I -{1+! ./·r r-;-1 Te Te 

4nT k 2 zTe 0 e I 

0603H8'1HB 

c.J 2 w dk 
---1!.-J~· 
4n 0Te It~ 

'lepea g , nony'IHM cneKTI ( g » 1 ) 

c.J•-g 
2 

I 2 

+ y..!.!!.-g It: v! 
- 4 

6). 

B cnyqae CIJ* V g> 2 It v KOne6aHHl1 3aTyXaJOT, AeKpeMeHT HMeeT BHA 

-;­
y - ..; -;:· 

, 
( 6) -<l) * + 6). 2) . 

(8.16) 

(6.17) 

(6.18) 

Ha nnoTHocTb saepraa Typ6yneHTHOCTH AOOlKHbt 6b1Tb aanOlKI!Hbt cneayJOwae 

ycnoea11: 

2 
v 
• """':T « 

c 

w -n T 
0 •· 

4. nycTb 6J « ltJ. v • 

• 2 
L It V V 

v • a.~ s Te a 
«•m I ...:.....;i.1 -· -:-r 

0 2 c.J* 6J* c 
I • (6.19) 

6J >> It • v Te • 3TOT cn)'laA npeacrae-

nlleT OC06b1A HHT&pec, T8K KaK COOTBeTCTByeT I'HApOllHH8MH'13CKHM HeyCTOA­

'IHBOCTl1M HeTyp6yiteHTHOA nna3Mbl, llacnepCHOHHOe ypaBHeHHI! npH06peTaeT 

BHll 
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I I 2 
(l)pek• Cd* rupe{l)* 

I 2 2 0--l--
w k ru w* 2 La w ,_a 2 

_ ~ _ pe -· _ CU ... a. v Te ru 

w
1

k
1 

k 2 v 2
(&l k 2 v 2 w 2 W~td~ 

Te 1 • Te pe J ---!.._ 

cu-

+ 

2 2 
(I) pi kJ. 

+ 2 2 
cu 4n 0T e k j 

w .. 
<1+-l-o. 

cu2k2 cu 
HI 

EcnH TpeTHSI 'II ell, Man, nony'laeTCSI cneayJOmHA cneKTp; 

cu. 

2 

CUH~ <­
k2 v 1 

J. .• 

2 I I 
c.!* WHI 

-1}+ v --0- --) 
- 4 - k'v 2 

J. • 

kl 
+--!... 

kl 
J. 

I 
CU HI 

.QnSI ero peanH3aUHH !lOnlKHbl BbinOnHSITbCSI yCnOBHSI 

2 
t»* WHI 

>>---• 
n T k 2 v 1 k 4 v 4 

11 e • Te J.. • 

2 2 
'J.v• 

k v --<< ru* << kJ.v 
z Te cu 2 a 

HI 

I 
v. 

7' 

2 2 
kJ. v. 

2 
(I) 

HI 

+ 

(6.20) 

(6,21) 

(6,22) 

noA'-IepKHeM, 'ITO Hail ~eHHbiH cneKTp He SIBnSieTCSI r'HilpOJlHHBMH'-IeCKH HeyCTOi!-

'IHBbiM, 

npH BbinOnHeHHH YCflOBHSI 
-+ 

M • 
k

2 
v 

2 cu' w-; dk, 
~ pe f I » 

2 4 n 0 T e k2 w 
I 

(6,23) 
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llHCnepCHOHHOe yp8BH9HH9 (6,20) M0)1(9T 6b!Tb CylileCTB9HHO ynpomeHO, noc­

J19llHHil 'lnea ( 6,20), Y'IHTbiB8IOUlH il a<jl<jleKT KOHe'laoro nap Me opoecKoro paaHyca 

HOHOB, 06bl'IHO Y'IHTblB8eTCSI H3-38 TOrO, 'ITO 3<jl<jleKTbl Hyne eoro nopHllK8 no 
ru 2 (<)* w2 ru,. 

napMOpOBCKOMY p8llHyCy - _..JII..-,;;... anSI HOHOB H + -r-r~ anSI 3neKTpOHOB 
It 2 v 2 .... It v ,, 

B38HMHO KOMneHCHpyiOTCSI, 3Ta k'bMneHC8llHSI HapywaeTCSI Tfrp6yneHTHblMHCTOnK-

HOBeHHSIMH, npn BbinOnHeHHH HepaeeHCTB8 (6,23) MO)I(HO B:>06Ule npeHe6pe'lb 
.... 2 ..... 

t~neHOM pe 
It 2y 2 .... 

nee 1 M(>> 1 Te, 

'laCTH npoHH!laaMOCTH n 183Mb!, EcnH .. aa­B aneKTpOHHOil 

H 0 M « .!!J. 
me 

ru 2 It 2 
, TO nepBbiM 'ln8HOM (6,20) £1 

s 
2 

TaK)I(e MO)I(HO npeHe6pe'lb. npeae6perast nocneaHHM qneHoM 
w 2 It 

(6.20), nonyqaeM 

It~ 
I 

(6,25) 

(6.26) 

BoaHHKHOBeHHe TaKoro peweHHHoaaaqaeT cTa6HnHaauHIO rn~poaHHaMH'leCKoil 

aeycToii'IHBOCTH, nocneaaee npH6nH)I(eHaoe aeuaeeacTeo cne~yeT H3 

T8K K8K M >~ 1 npH npHHSITOM ru>>ltz V Te B03MO)I(H0 nHWb, ecnH g*>> 1 

YcnoeHe (6.23) npHo6peTaeT BHll 

It 2" 2 1 __ • __ T_•_ -· >> 

'· T.e. C'tl *<<It z v Te • (6.27) 

06Hapy)l(eHHblil !I<P<jleKT CT86IWH38llHH apei!<jlOBbiX rHllPOAHH8HH'l9CKHX HeyCTOH­

'IHBOCTeil 06SI38H aeKOMneHC8llHH HOHHblX H 3n8KTpOHHblX apeii<jlOBbiX qneHOB, 

Llnst nposmneHHSI aeKOMII.eHca!lHH ycnoene (6,23) aocTaTO'IHC, HO He Heo6xo-

Jlllll'tO. LleiicTBHTel!bHo, npfl M <<I ~10)KHO npcnc6pe'1L C'H!J<j'c :ToM KOHC'!Horo 
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----- ------ ----------------------------------------------------------~ 

napMopoacKoro pallHyca, ecnu abmonueuo ycnoaue M>> ~<1 p 1~ • Peweuue ypaa-

HeHHll (6.20) a o5w ~M cnyqae M » k 2 p 2 
ecTb .l I 

) . (6.28) 

3To peweHne TB.KlKe ru.QpO.QHHaMn'ieCKH ycTollquao. TaKHM o5pa~oM, rrony'ieHHblll 

KpnTepui! CT8.5HnH38.HHH HM99T BH.Q 

m I . 2 2 
-;-»M»k.l-pl • (6.29) 

e 

npu 5onbWHX M » 1 He05XO.QHMO BblllOnHSHH9 ( 6,27), TOI".Qa KB.K llpH M « 1 

3TO ycnOBH9 He l!BnlleTCll H905XO.QHMblM H 38.M9Hli9TCll llpH g.<< 1 HB. 

(6.30) 

§7. 05CylK.QI!HHe peaynbTB.TOB 

8 H8.CTOliW9M 11aparpa<jle o5Cy.QHM H9KOT0Pbl9 BOilpOCbl, CBli38.HHbl9 C pa3-

BHTH9M H3nOlK9HHOi! reopHH .Qn!l npo5ne'M YCTOII'IHBOCTH llpei!ljJOBblX KOne5aHHll 

CHCT9Mbl rrna3'Ma-rry'lOK ( §2), H91lOT9HUHanbHbiX llpei!ljJOBblX KOne5aHHll ( §3) H 

.Qp., a TB.KlKe uau5on-~e cymecTaeHHbill o5mull aorrpoc o ponu cne.Qyromux no 

9H9pi""HH Typ5yneHTHCCTH 9«1>«1>eKT8.X 1i l""p8.HHU8.X llpHM9HHMOCTH p8.3BHTOil: 

TeOpHH, npe.QB8.pHT9nbHO, O.QHB.KO, KpaTKO c<!JopMynupyeM OCHOBHble BblBO.Qbl H3 

rrpoae.QeHHoro paccMorpeHHll. 

1, npoBe.Qe:-!HbiE auanua llOK8.3biB8.9T1 'ITO HB.nH'IH9 B rrna3M9 BbiCOKO'IB.C­

. TOTHOil: Typ5yneHTHOC ru llpH Ollp91l9neHHblX ycnOBHliX MOlKST Cylll9CTB9HHblM 

o5paaoM MeHl!Tb crre1 Tp .Qpel!ljloBbiX Kone5aHuil:. HenuHeii:Hbie 9«1>«!>eKTbi, B03HH-

K8.101IlH9 B TB.KHX ycnoBHliX, OK8.3IJIB8.10TCll 38.BHClllllHMH He TonbKO OT rrnOTHOC-

TH 9Hepruu rrynbcauu:i, HO H or crreKTpa 9neKTpoMarHHTHbiX Kone5aHnil:. Ha 

CpaBH9HHll pe3ynbT8.T<lB .Qnll p8.CCMOTp9HHbiX BH.QOB Cll9KTpOB B,'l, Typ5yneHT­

HOCTH BH.QHO, 'ITO HB.E5onee CyllleCTB9HHOll OK8.3hlB89TCll BenH'IHHS rpyllllOBOil: 

CKOpOCTH .. • BbiCC KO'ISCTOTHbiX KOne5SHHH. 3TO ll03Bonl!eT 3SKniO'IHTb 



'ITO paCCMOTpeHHhie a!jl!jleKTbl KOpeHHOI'O H3MeHeHHll JlHCnepCH )HHbiX CBOHCTB 

Jlpei!!jlOBbiX KOne6aHHH MOI'YT 6b!Tb BeCbM8 3H8'1HTenbHhiMH B nnaaMe C Heaa­

M8I'HH'IeHHbiMH aneKTpOH8MH, llei!CTBHTenbHO, B STHX ycnoBHl:X neHI'MIOpOBCKHe 

Kone6aHHli"HMeiOT BeCbMa ManyiO rpynnoByiO CKopoCTb, onpell·ml!eMyiO atjl!jleKTa­

MH TennoBoro JlBHlKeHHll. ManocTb rpynnoBoi! CKopoCTH neHn1IopOBCKHX KOne-

6aHHi! npHBOJlHT KHeo6XOJlHMOCTH y'!eTa HX CHnbHOI'O B03JleHC~BHll H8 HH3KO'I8C­

TOTHbie CBOHCTBa nna3Mbl ylKe npH He60JlbWHX nnOTHOCTl!X Sf epi'HH Typ6yne!IT-

HOCTH, 

MOlKHO C'IHT8Tb , 'ITO paCCMOTpeHHhiH Bb!We cnyqall OJlHC MepHOi! Typ6yneHT-

HOCTH B onpeJleneHHOll Mepe MO}lellHpyeT Cny'!ai! He38M8I'HH'IE HHbiX neHI'MIO­

pOBCKHX KOne6aHHH, lleliCTBHTenbHO, OJlHOMepHbiH cneKTp, pac•:MOTpeHHbiH B § 4, 

COBna}laeT CO cneKTpOM He3aMai"'HH'IeHHbiX neHI'M!OpOBCKHX KOJie6aHHH, a cne-

JlOBaTellbHO, COBnaJlaiOT H rpynnOBhie CKOpOCTH BOnH H llpyi"'H<! XapaKTepHCTHKH, 

!1aoTpOnHhie Ha3aMai"'HH'!eHHbie neHf'MIOpOBCKHe KOne6aHHll MOI'YT Jl8Tb B BbinH­

caHHbiX !jlopMynaX 'IHCneHf!bie KOS!jl!jlHUHeHTbl nopl!JlK8 eJl.HHHUbl (HanpHMep, 

kk 1 2 1 
cpeJlHee aHa'!eHHe ( ~ l • -·). Bnpo'!eM, Ha-aa paanH'I~ ll B !jlaaoBbiX 

I 3 -o 
2 

06'beM8X OJlHOMepHOI'O dk I H TpeXMepHOf'O dk 1•4frk1dkp3H8J;H STHX KOne6a -

HHll MOf'YT TaKlKe OTilH'18TbCl!·, 3To BHJlHO H3 

1 dWk wk,dk1 
B03HHKaeT J- ---:.L. d k • J -'""·'-::-.:.... 1 a B 

. kl dkt I k~ 
HaKOHeu, cneJlyeT OTMeTHTb, 'ITO cywecTBeHHoe 

KOne6anni! MOI'YT OKa3biB8Tb TaKlKe KBK BbiCOKO'!aCTOTIIble an ~KTpOHHhie ,nynbca-

UHH '18CTOT MeHbWe HnH nOpl!JlKe CAl He ( CBHCThi, WHo cos 8 • Qj >>.... ) • 
He pe 

TBK H HH3KO'I8CTOTHhie nynbCBUHH, 

2. MeToll, HCnonbaoBaHHhii! abiWe Jlnl! aHanHaa B38HMOJlH1CTBHll noTeH-

UHallbHOll Typ6yneHTHOCTH H npOJlOnbllbiX Jlpell!jlOBhiX KOile6aHH i, MOlKeT 6b!Tb 

nerKo o6o6wea Jlnll cny'lall KaK HenoTeHuHanbllhiX B,'!, nonei!, TaK H nenoTen­

UHanbHhiX HH3KO'!aCTOTHhiX Kone6aHHll. B Ka'!eCTBe npHMepa paccMoTpHM BnHll-
k:2.J.c 2 

HHe BbiCOKO'!aCTOTHOll Typ6yneHTHOCTH CO cneKTpOM w
1 

• Ql + ....,L__ 118 He-
pe 2w 

llOT9HUHanbHbie Jlpe~4:>0Bbl9 KOne6aHHH 1 'npHT.i9M, K8K H BhiW9 1 aaM~}HH'I9HHbiMH 

OCT8IOTCl! TOnbKO aneKTpOHhi, 

npH BbinOnH~HH ycnOBHH v 
A 
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B o6naCTH 'laC TOT k a V Tl <<AI<< k• V Te JlHCnepCHOHHOe ypaBH9HHe HM99T 

cnenyiOWHll BHJl: _ . 
2 , . 1 

k 1 +I VT ( Ql -61· + Ql* ,, 2lr:;: ~ 
["i'-, -r- Ql s Ta --=-

1+g(l +iv-,-> 
2 1<8 v Te 

(7 .I) 

rne z- I 
QIHI 

-<j!yHKUHH EeccenH MHHMoro apryMeHTa. 

EcnH g)) 1 , TO nnH k 2 v ll << Ql 2 
s • 

nony'IHM cnexTp 

H 

k 
2 2 
•vA 

.:&« 1 

-1 

(7.2) 

S, B Ka'leCTBa npHMepa Hcnonb30BSHHH pa3BHToro MeTOila paccMOTpHM 
khc2 

BnHSIHHe B,'l, Typ6yneHTHOCTH CO Cll9KTpOM C'dpe + -;;-- Ha HH3KO'I8CTOTHbl9 
pe 

CBOllCTBa H90JlHOpO lHOll nna3Mbl, '19pe3 KOTOpyiO JlBHlK9TCSI OJlHOpOJlHblll HOHHbill 

ny'IOK, B STOM cnyqae HenHHeliHoe JlHCnepCHOHHOe yp8BH9HHe npHo6peTaeT BHJl 

<li»-k
8

ui>>Jr.vTI >; 

" 
, 

T• 
1<2 v 2 - ..l....o • Tl 

- -;;;T. --+ 
(&J-k D f Ql /Jo (7.3) 

• 

3necb " -nnOTH)CTb ny'IK8 HOHOB, " -ero cxopocTb, T • H T1 --

COOTB9TCTB9HHO Sn!iKTpOHH8SI H HOHH8SI TeMnepaTypbl nna3Mbl, T ~ -TeMne-

paTypa HOHOB ny'IKit (6y)leM C'IHT8Tb T.»T1 I /J 0 » 1 ), 113 (7,3) cnenyeT, 

Ql - k ", . A) 
'ITO BnHHHHe ny'IKa 6yneT aaH6onee cywecTaeHHbiM, ecnH I :.__.a..!l·<<1 • 

{I) 

none rag , H3 (7,3) nony'IHM 

(7.4) 

•> , 
3To yTBeplKJl€HM a cnpaeennHBO, 0JlH8KO, ecnH T I •T I , B TOM cnyqae, 

KOI'Jl8 HOHbl nna:IMbl JlOCT8TO'IHO HarpeThi, BnHHHHe ny'IK8 6yneT CK83bi­

B8TbCSI B 6onee WHpoxoll o6naCTH 'laCTOT, 
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B c!JopMyne (7.4) f3o 
f3 -~ w 

y)!(e He 3aBHCHT OT W H B o)naCTH kvT.>>w>>kv , 
w2 It di" • 

0 k2u 2 n T 
~ 0 • 

, a npH lll«kv ,c.;«kv -{3 0----..Jl!.-f~. • Te 4 noTe k I 
!13 (7.4J BHAHO, 'ITO ITY'IKOBaSI HeyCTOH'IHBOCTb B03HHKaeT !ipH HaJlH'IHH B,'l, 

Typoyne!{THOCTH ylKe ITpH k zu <{30 c.; * , ·H, TaK KaK~ ITO npea lOJ10lKeHHI0,,{3
0

>> 1 , 

TO ycnOBHSI ITOSIBJ1eHHSI HeyCTOH'IHBOCTH ooner'laJOTCSI. Cneay eT OTMeTHTb TaKlKe, 

'ITO B AaHHOM cnyqae ( TaK lKe KaK H Bh!llle), y'leT B.'!, T:ypoyneHTHOCTH ITpH 

f3o » 1 ITpHBOAHT K CTaOHJ1H3aUHH KHHeTH'IeCKOH HeyCTJH'IHBOCTH ITpH~>2 

3TO MOlKeT npe/lCTaBJlS!Tb HHTepeC AJ1SI llOCTaTO'IHO ropSI'IIIX HOHHh!X ITY'IKOB), 

4. OocyllHM Tenepb eonpoc o rpaHHUax npHMeHHMOCTH pesynbTaToe Ha­

CTOSIWero paccMorpeHHSI, QqeeHilHo, 'ITO anSI onpeneneHHSI 1aKHX rpaHHU He­

ooxonHMO o&mo o&I Bhi'IHCnHTb ac!J<fleKT&I, eo3HHKBJOWHe oT TypoyneHTHhiX 

CTOJ1KHOBeHHH oonee Bh!COKOH CTeiTeHH ITO 3HeprHH Typoyn ~HTHOCTH, T,e, 

nponopuHoHanb H&Ie • Mo)!(HO, OllHBKO, Ka'leCTBeHHO r ony'IHTb HeooxonH-

Mble KpHTepHH H3 ITpOCTb!X COOOpalKeHHll: ITpHMeHHMOCTH HCITOJ1b3yeMhiX pa3J10-

)!(eHHJI: §2, lleikTBHTel1bHO, paCCMOTpHM f{ k
1
-k) , Y!CITOJll syeMOe B· §2 pas-

nolKeHHe npeanonaraeT f <t 1 , w ).o B ael!cTBHTenbHOC1·H, onHaKo, 6naro-

napS! Hei1HHeiiHhiM B3aHMOileiiCTBHSIM, CyWeCTBYJOT KOppenSIUHH TypoyneHTHhiX ITyJ1b­

CaUHil, H w tHe paeHa ·To'IHO w t 
1
,T,e, t ( k 1 , Ill 1 ) / 0 , MolL'!o Han HeaTh, 'ITO 

f( 
.. k. .. a, 

I ,Co> I ) - ( Co> I -GJ ) -· I kl oc:o> ru • ...,.,. 
kl (7.5) 

r.ae 

c.; I -w ki- Hei1HHeli:HaSI ITOnpaBKa K '!aCTOTe KOJ1eOaHHil, 

HaH6onee cywecTeeHHYJO ponb HrpaeT nellcTBHTenbHaSI qaCTb SToll HenHHeli:Ho~ 
A) /3,13,14/ 

nonpaBKID , YlseecTHo, 'ITO 

.. ----·d k2 
4n T 

0 • 

(7,6) 

3TOT peaynbTaT 3aiTHCaH ll/1SI H30Tp0ITHOII TypoyneHTHOCTH I W << W ) , 
• He pe 

llnSI cnyqag 3aMarHH'IeHHOII 11eHrM!OpOBCKOH ITJ1a3Mhl, KOTOpiSI paCCM8TpHBanacb 

Bhlllle, KaK ITOK83b!BaeT paC'!eT, B03HHKaeT pe3ynbTaT, OT/1~ '!aJOWHHCSI OT 

(7,6) J1Hlllb TeM, 'ITO otcyTCTByeT c!JaKTOp ( J<\ J<"2 
)
2 

k I It 2 

*>c OllHOii CTOpOHhl MHHMbie '!aCTH, OITHCbiBaJOWHe CITeKTpa.r:bHhie nepeKa'IKH, 

o6&I'IHO Man&I e cpaeHeHHH c nellcTBHTenhHoll, a c apyroP cTopoHbi - nnSI 

CTaUHOHBpHOH Typ6yneHTHOCTH BCe MHHMhie '!aCTH CKOMITEHCHpOBaHbl, 
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TaKHM o6paaoM, 6onee TO'IHhiM paano>KeHHeM t(k1 -k) 

t(k -k >= ~Cd 
1 oor 

(ru-1~ 
• 
,.!!_I 

a(M (7 .7) 

0TCIOil8 BHilHO, 'ITO H ~06XOilHMhlil KpHTepail, onpenensUOUlHil o6na<;:Tb npHMeHH-

MOCTH peaynbTBTOB H lCTO!IUlef'O paCCMOTpeHHS1 1 HMeeT BHil 

mad c.>, k v I_~<_> ~c.> 
• k I oar (7.8) 

B nesoli 'IBCTH (7 .8) aanacaH_ !jlaKTop ...!... , KOTOphiil !IBn!leTC!I cnencTsaeM 
kl 

KOMrreHCBUHOHHb!X atl>¢eKTOB, B03HHK810UlHX npH k << k I B paccMaTpHBaeMOM 

npa6nHl!<eHI!H, HO OTC) TCTBYIOUlHX B Cne!lyiOUleM npa6na>KeHHH, 8 KB'IeCTBe npH-

Mepa acnonbaosaHHH 
v~ 

nee, v <<v•-a~ 

I:pHTepHH (7,8) paCCMOTpHM KOne6aHHH (4,12), nycTb,1 lla-

<PI !jJ v Tl 
, TOI"llB HMeeT OUeHKH 

\(t.) ~ ru 
oor pe 4 'n T 

v ~I (7.8) 
w 

0 e 

, )TCIOllB 

(7.10) 

C llPYI"OH CTOpmhi, !lnsl CITeKTpa (4.12)kv y:!.A_«r».y-W- __ v!jll ___ , 
. Te m I n o TTe yTr v 

ConocTasn!l!l 3TH nsa HepaseHCTBa, RMeeM _ ,..--,-- • 1 - / Te 
fAI., V ml I m • >>ru pe V 12 v Tl 6 v Te 

m 
Cd * >> Cd -A 

pe ml 

1 

vr (7 .11) 

AHanOI"H'IHhie HepaseH< Tsa MOI"YT 6hiTb nerKo nony'leHhi nn11 npyrRX seTseil 

BhiCOKO'laCTOTHhiX nym cauail. Mbi He 6yneM anecb noApo6Ho npHBOAHTb noAo6-

Hhie KpaTepaa. YKa>Kell n11wb Ha To, "'TO s psne cnyqaes, HanpHMep, nn11 on­

HOMepHo~ Typ6yneHTHOCTH, KOpeHHOe H3MeHeHHe HH3KO'IBCTOTHbiX CBOiiCTB 

Typ6yneHTHOH 111183Mbl MO>KeT npOHCXOilHTb TOnbKO B OTHOCHTenbHO Y3KOM 
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II) . 
HHTepeane 9HeprHH Typ6yneHTHOCTH , 8 ~pyrHX cny~aHX, HanpHMep, KOr~a 

B nnaaMe eoa6ylK~eHbl HenoTeHuHanbHble Typ6yneHTHble 
lt~c~ 

Cllpe + , 
2

: , KOpeHHOe H3MeHeHHe ~HCnepCHOHHblX CBoliCTB nn83Mbl MOlKeT 

npOHCXOllHTb P~ OTHOCHTenbHO W~pOKOM HHTepBane W H It 
llA) 

MOlKHO n09TOMy C~HT8Tb, ~TO oco6y10 pOnb B CT86HnH38UI!H H H3MeHeHHH 

cneKTpa ~pelltjJOBbiX Kone6aaull MoryT urpaTb aenoTeHuuam.Hble Typ6yneHT-

Hble nynbC8UHH, 

PyKonHCb nocTynuna B ua~aTenbCKHll oT~en 

15 HIOnSJ 1968 ro~~. 

A) HanpHMep, H3 g»l B 14.12) cne~yeT ;;;,.._ >>12v 1 h1,.,a H3 lt«lt, 
(7 ri) ~ ~ ~ I - 0 o e Te 'l''f 

H •"' (W/aoT8 )«4(YTef "t }( -"-~' ) YK838HHble HepaBE•HCTB8 COBMeCTHbl 

All) nHWbnplf "v;
1
«+(v.t,) I '<jl· • 

3aMeTHM 0 ~Tb 9TO OTif8CTH CBSI38HO C OTHOCHTenbHO 6onbWHM 3H8~eHHeM 
I'll ftjl» I!' a ( KOr~a ~t»oor M8no) H T8KlKe C TeM, ~TO EXO~HT HOBblll napa­

MeTp.,CKOpOC Tb CBeTa, 
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