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ITOHBA8HH8 sepHHCTOI crpyKTypH H3nyqeHHR xapa&T8pHO A~R MBOrHX 
~asepos/I/. Ta&oe ~e asneaae aaOnD~ercx H s 6espe3oaaropawx csepx­
H3nyqaDmHx cacrewax/2-61. liX& nocne~aHx Owxo npoBeA8HO awqacneHH~?/ 
nnoraocra s epoRraocrH H3Jtyqeaaa n rt~oroaos s aanpa.s.neaHRX 1 , I , -

1 !a. k , a owxo noxaaaao, qro aaHOo.nee sepoaraa caryanaa, xorAa 
CBeTOB,~H fiOTOK COCTOHI H3 HHTBHCHBHWX JiyqeA., CO,ll;ep~X onpe.ztBJI8HB08 
qacno rporoaos. Eoxee nonaoe paccworpeaue arol npoOsiMH Ow.no ~ao s paOOTa~S-!0/, B KOTOpHX npOUBCC o0pa30BaBKH HHTel C nOBHB9HBQR 
CBOTKMOCT&D rpaKtoBa~CH KaK pesoHaBCHYR ~30BYR nepexo~II,I2/. Taxol 
nepeXO,ll; Han0KMH88T RBJI8HH8 paCCJIOBHHR B XOH,li;8HCHpOB8HHHX cpe.ztaxf!J/, 
O,li;H8KO OTJIHqaetCR OT paCCJI08HHR TeM, qro HBO,li;BOpO,li;HOCT~ B03BKK88T He 
B CHCT8.148 6TOMOB cpe,IUi, a B DO,IJ;CHCTeJ.te HX ltOJIJI8KTHBH:biX B036YQ6HHI, 
B ~aHHOJ.t CJiy~ae - 3TO KHBepCOH-ITOJIRPKTOHHWB B036yz~eHHgig,!Q/ • B 
Hacro•meK cooO~eHHH npe~araetc• ~n&Helmee passxrHe paoo,/8-IO/, 
HCCJie~eTCR 3aBHCHMOCTh xapaKTBpHCTHK 3~6Xta OT B8JIHQHBH aep830H6HC­
HOA HaKaQKH H BWRCHR8TCR BO~OXHOCTh CBepXH3~1lateKhBOrO pexHMa, 
KOr~ K03~HUHBBt KorepOBtBOCtH /!4/ ropa3~0 Oon&me B~HHUY. 

!lyon aHCaMO~• N ~ByxypoBHeB!iX atOIIOB c •actotoB nepexo~ w, 
soaOyz,Ita.etcR saemHHll. peaoaaacaw noneM 'llaCTOTli uJ • To'llaee rosopa, 
Hweer J.tecro xsaaupeaonaacaaa cxryauua, Kor~a paccrpoRxa Mana: 

~ « i w ' 
(I) 

Boadyz,Ita.nmee noJie HMeet BH~ nnocxol BOJiaa 

E, (t) = E, e -iwt" e E exr[< (k ., -wt) J (2) 

r~e fe 1 '1 , k=w/c. = ••ftl . C•HtaeK, "'o cllcteKa npe~ctau•et 
coooa UHRHHJ!p pa.lll!yca R H J!RHBW L • Taxaa ljlop11a xapaKtepaa ~~· 
naaepos. 0Ch UHJIHH~ aanpaBJieaa BAOJih ocu ~ • Bwnonasnrca raxze 
odwqawe aepaBeacrsa 

1_ « 1 
R 

R 
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ITpH pemeHHH ypaaaeaHB lBHXeHHR yqxrwsaerca mxpHHa YPOBHR r H mHPHHa 
nHHHH Q > 
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(4) 

a taKxe RanHqHe 88p830H8BCHOR HaltaqKH, 3aAaBae»oR napa:u.erpow 

N 

~ 
N+- N_ 

~I ~- ('s;~tt) (5) 
= = 

N ' 
, 

i =I 

N+ (N_)- cpe)Uiee QHCno B030y:<~euawx C•••o•Oyxuuuwx) arovos sa cqet 

sax.aqKx; 3,1tec» H .u.axee i = 1 • Atou.y c ao:u.ep 011. i ~ 1, :t ... N conocraB­

nsetca ~nonbawl »o»e&t nepexoAa 

llpH BWqHcneHHftX HCDOA1t~8K reopHD BOS»y~eHHK DO napa»etpy 

k, o1 ' << 1 
"'( > 

(6) 

(7) 

B KOTOpO:U. C4: - cpe,JtHee 11.8XB.TOliHOe paCCtOHHK8. CKCt8lt8 ,n.ByxypOBH8BWX 

8IOMOB, H8XO~A~XC8 B 00!8 YCHAHB88KOR pe30H8HCHOR 11.0~ (2) H B3aHK0-

,1t8ACTBYD~HX 11.8~ C060. DOCp8ACIBOK nons nepeHaxyqeHHft 

E ttl 
'4' 

k" 
n .. 

'z. . 'd 
•J 

-~ 

n. 
'J 

ODHCWBa8tCft f8KMJlbiOHH8HO:U./9,l0/ 

H <tl = ± w, I. [1 + ~\n1 
' 

2 

> 

(8) 



B KOtOpOM f5
7 (t) - MaTpKu,a I!aynK, 6'± (-/::} -ReCTHKQHHe onepa-

' ' TOpW. fauHRbTOHH8H (8) COOTBBTCTBY6T pe30H8HCBO»Y npH0nHX9HHD 

BaicKon@a BHrHepa /!5/ HRH, ~TO TO xe CaMoe, KB8HTOBOKY npH6RHZ8-
HHW apamaDme~ca sonau II2,I51. Bee oneparopN aanHcasw B relseaOeproa-
cKoM npe.lcraaJieHHH. Oneparopu (ic(tJ oraet~aDt HHBepcoaHWM aosOyx,~~;e-

• ' HHRW., a G"'i (i) - OOJUlpHTOHHhiM. flapaMetpbl, BXO,I(,JJ!ll)t8 B fdMHJibTOHHBH, 

W
0

J (..J, d) E , B npHHUHne, w.oryr 6hltb a.JUiaClarH'teCKH Me.n;.neaHo w.eHJIIl­

~HMHCH ~YHKUHJI»M Bp8M8HH. naJibHeRmHe pesyJibTBTW OT 3T0f0 He H3M8HJIT­

CJt, ecJU( xaJliKTepaoe apeMJI taKoro a.n;HaClatHtlecKoro Hsw.eaeHHJI ~J = 

- r'1 -
1 

ropaa,~to 6onLme apeu.eaH aKcnepKU.esra L.,.l( , B reqeHPie 
·- >Lt~~cf 

KOTOporo HaC HHtepecyet OOB8.It8HH8 CHCTeMW, _(l...t ~:"",..~ << 1 • B ,Ita.HHOW. 

CAyqae fiOHBAeHHe taK H63HBaeMOH ~63~ EeppK /I6-I9/ MOXHO He paCClleT­

pMB8Th. C ApyroR CTOpOHH, 8CAH Bp8MR JKCnepHW8HT8 ropa3~0 OOAbme 

nepHO,ll8 OCUHJI1UlUHH B CHCT8l48 1 W(; ··~x '>) 1 , TO MOJ:HO Cl.lHTBTh, \ITO 

B CHCte:w.e YCT8H8BRHB88TCR nepHO,llH"l8CKHR p8XKY. Tor~ cpe~HHe OT one­

patOpOB He 36BHCHI OT BHA8 H8"laJibH03 MaTPKUY nnotHOCTH. nna 3tOR 

CHIYBUHH B nonyKnaCCH\f8CKOM npH0JIHX8HHH 7!2 , 20/ HaXOAHW 
, J 

' a + r < G; (t) > " ~ 
' ; , + y-> 

,1 U.: 
(9) 

-~ ;) 

- < , ( Jcl, E, I ) 
Y. =o t+ r r 

(IO) 

B cnyqae ycraHOBHBmeroca nepHOlH"lecKoro PamHMB cpe.Iuuul 3Hepraa 
• < /-1 (!) > Ot BpOlleHK He MBKCHT. )lEft Bee KMeeM 

W; < /-1 (t) > = 'VJ. (II) 

nepeoe cnarae:w.oe 

v = f N w, + & L ~. 
' . ' 

2 J. -- .I 
,.;,(./> ., )-A/t(E I 

t/•r"•rr/rJ 1~ ~ 1' (12) 
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- :no aaeprHJI arow.os so a aemHe:u. none, a aropoe cnarae:u.oe a (II) 

W =- 2: (IJ) 
I..Flt . ' 

'*d 

- aro aseprHa ssaH:u.o.n;eKctBHR aro:u.os sa C4'et odweaa ~otoHa:u.H, r.n;e MH­
reacxsuocr.& saaH:u.o.o;eHcrsH.II 

' 

Hanpasneaxe noxxpHsanxx ~nonhHWx :u.o:u.eHtOB nepexo~a (6) 
H3 YCJIOBHH II.HHMl48JlbHOCTH 3HeprKH (II) OTHOCHTBJILHO ( ~ i! 
,Jtaer 

Pacnpe.D;eJieHHe B9JIH4HH ~~ B cpe.Ile taK:z:e )tOJIXHO COOTB9TCTBOB6Th 

(14) 

:U.HHHMaJihHOCTH 3HeprHH (II) npH ~HKCHpOB8HHOH xapaKtepHCTHKe H8K84KH 
(5). B03:U.OJ:Hii JIBe Ka4'9CTB9HHO pa3JIHliHYe CHTJ8UHH: nepBaH, Kor.n;a '3· 

' npHHMlf8llT C.II,Y4aHHDI:e 3H84'9HHJI ·:t 1 BHe 3a.BHCH:U.OCTH OT HOw.epa i. 
ror.na a cpe.ItHe.u. cpeM o;mopo.IJ.Ha H aes.ne MOJCHO 3aM8HHTh ~. sa '3 
BtOpaH CHTJ8~HH, KOf.Ila ~~ pacnpe,lleJieHW B 00DeMe H90.D;HOpO)tHO, TaK 
liTO odpasyerca aexoropaa crpyxrypa aosdyx.o;eaH~. B oOpas~e ~HJIHHAPH­
qecxo~ ~op.u.w ecrecraeaao OEH.o;ath, 4TO :u.oryr ao3HHKHYth crpyxrypw c 
UHRHH.IlPH49CKOH CH»:U.eTpHe~. TaKOBW:U.H HBJIH~ICJI 
OC H UHJIHH.Itpa, 

HHTH, BWIJIHYTH6 B.D;OJlh 

llepeR~ey K HenpepHBHOMy npe.o;craaJieBHD c no:u.omLD 
N 

, I ~ -'- r Jr 
N ~=f V j ' "' 
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r.ue V ~;; R'L . YcnoBHe (5) npHHHwaet au 

(16) 

Ecmt: waaHKaet Nt HHteA, pa.n;Hyc Kaz.Itol: H3 KotopYx Ri , TO oCioasa-
\IH1l OCiJiaCTh, KOTOpyJ) OHH 36HHMallT qepea ~ • By,11;e:tt CliHT8Th, tl'l'O 
aTOKH B BHTHX B03CiYZ.It8HW, a BHe HHTBI BeT. To eCTh ITJIOTBOCTL H8Ka\IKH 
3aAaerc• WYHK~HeR 

(17) 

ITpH 3TOK H3 (16) MOXHO HaRTH QHCnO HHTeR 

(18) 

~TOCiY BYRCHHTL, KaKaft CTPYKTypa J03Ciy~8HHI npeADOtiTHTBJihHee, 
Ha.ItO yctaHOBHTht ~g KaKOI H3 HHX 3HeprHR CHCT8KY KHHKMaJihB6~ !JIS 
3T0f0 CpaBHHM aaeprHH npH OAHOpO.ItHOK H HHT8BH,ItHOM pacnp&Jl8JI8HHH 
B036YXAeHHA. 

PaCCKOTpHK CHaqana OMOPOAHWI cnyqaR >;:" ( >,3) = \; 
llpH 3TOK peayJI:&TaTY 3aBHCHT OT B8JIH\IHRY HaKaqKH, TO eCTh OT 3HaKa ~. 
Ey,11;e11. Ha3NB6Tb CJiaCioll HaxaqKQD CJiytlal 'S ~0 H CHJihHOI, KOf,lla ~ ">0 • 
~eKTHBHaH mHpHHa nHBKH AnH 3THX ABYX CHTya~HR, B COOTBeTCTBHH C (14), 
pa 3Jni1-1Ha: 

(19) 

-~ r = 
• 

(.(1+ ) ' ~ ) 0 

lnH aaeprHA (12) H (IJ) HaXOAHK: npH cna6oA HaKaqKe 
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rAe 

.... W. = {Nw, (it~!, 

( ';; "'0) 

A'+/- (a/w,) d'E' 
~ -"-:c'-"---:-.:.:...:..C=-"--=-

A' ~r'- <r;rJ ol' E' J , 
TIV ~E 'ol 4 (1_1' + o') 
K~ f\' (ll'+? 'J .l 

~(/{;:') 

- v(> ) <'I(:X)" !<MX- o< (< (x). 0'=3.· s>O > Cj 

' 

, 

ITpH HHTOBHAHOX pacnpe,l1eneHHH B030y~eHHH no ~opxyne (I7) B 
Kat~ectse cpe~el saeprHB no~yqaew 

] ' 

•. ,~( ' "l 
, o, l ( ) _:_7T_E -01--:-::''o-LI--oc-+ _:_(__:,-:-:;-

·i.r. =- N 1 +!; 
yv .· ft A R' ( L1' + ..-') ' ""t II 

8 ( ":2' ) 

.lJJ.H 1111<1o2 B8JIHtlHHH naJtatntH. MHHJhi.H3JJPYH cpe,lHDD aaepriiD no Rt , 
Hll.XOAHH pa,~~eye HK!H 

R = o, •~ [)IT . (2o) 
t 

Cpa!uesaa HaH~eaHYe suaqeaHH saeprzH, yoe~aewca, tito npH nn6oH aa-
Kat~Ke, EaJt c.naoott, TaK H cHJibHDH, ·w ""'" <. W -'J\i , to ectJ. axre-
B~aaa CTP,YKTypa B036yz~eBftA BHfOAHee, t18K O~OpO~HaH. Eepa ~H 
OUOH!tll 3KcnepHHeH:ran1oHYO xapaKTepl!etHKH H3 pll.OOT / 2-6/, /, ~ 5 · IQ-5ex, 

RN O,I ex, L- IO - roo ex, nony•e.ex R, N ro-2 ex, Ni- ro2- ro 3 ' 
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4IO cornacyetCR C H86R~AaBmHMHCR B8RH~HH8VH ~nH paAHYC8 H 4HCRa 

HHteA. 

B03HHKHOB8HH8 HHT8~, H3ny4aDmHX KOrepeHTHO, npHBOAHT K 8HH30Tp0• 

DHH B AHarpaMVe H80p8BR8HH0CTH ~RR HHT8HCHBHOCTH H3Ry4eHHH. llpH BH­

nonH8HHH HepaseHCtBa 

' J >!> 3!> J E 
N >> f 

6v a OJ 

OCYl!l8CtBnsretcR: pe:tav CB epXH3Ry48HHH, Kor,n:a HHT8HCHBHOCT:L KOrepeHTHOrO 

H3nyq8HHS 3Ha4Hten:LHO npeBHmaet HRT8HCHBHOCTb HeKorepeHTHOrO H3Ry4e­
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