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''Ih!:caTb NH9 npHHTHO JIHWb B TOW CJiyt~ae, eCJIH WH9 
Ka&eTCH, 4TO H OTKp~aD H94TO HOB09, qero HHKTO H9 
roaopan. 3To, KOHe~o. 

llJIHTCH, MHe seceno." 

!. BBE,llEHI1E 

HJIJID3HH, HO, DOKa OHa 
KopHeA 4yxoBCKHA,!96!r. 

O.nna H3 3a.na1.1 TeopHH - od~e.nHHHTb, ynpo~aTb HawH npe.ncTasneHHH ad 
OKPYJ:aDW.SN: HaC J.Gipe, .llSJlaTb HX .llOCTynHee WHpOKOMY Kpyry JIHU (3KOHOWHH 
MbllllJieHHH). B ycnoaaHX "nepMaHeHTHoA peaonvuaa" B KBaHTOBOA ~H3HKe 3TO 
OCOdeHHO aKTyaJibHO. MODIC Dpe.llliOJIOO:Tb, 'ITO OrpaJUI1.19HHbl1t KOHTHHrSHT 
~H3HKOB, He HBJIHDU!,HXCH, DO.llOdHO .naHHOMf aBTopy, CITGUHaJIHCTaMH B OdJiaCTH 
KBaHTOBOA Teopmf KpHCTaJIJIOB, HCllbiTblBaJIH Hey.[tOBJI9TBOp9HHOCTb OT TOre, 
'-ITO He npe.ncTaBJIHJIH cede "Ha nanbuax", Hanpaw.ep, CMblCJI KBa3HHNIIYJibca 
HJIH TO, KaK DOHBJIRDTCH CBH3aHHbl9 COCTOHHHH !!,2A DOJIOCOA HenpepblBHOro 
CDSKTpa. HHie dy.neT H31IOI9HO, KaK nyqwe DOHHMaTb Cll9UH~HKY ABHISHHR Ha 
peWSTKax H B nepHO)lH\ISCKOM DOJle, DpOBO.llH napaJIJJSJIH C Odbl'IHbl},Q{ 
CBOdOAHUMH peweHHHMH OltHOMSpHOrO ypaBHSHHH llipe.llHHrepa: 

- 'i'"( xl E 'i'Cxl. C!l 

JiepBliM T01NKOM K HOBOMf TIOHHMaHHD HBHJiaCb Hll9H ( 1) "pa3.D;9JI9HHH 
nepeMeHHbiX" .llJIR O.IJ;HOMepHOA 3a.lla1.1H C nepHO.llH\ISqKHM DOJISN. 0Ka3aJTOCb, \ITO 
MO~O OT.IJ;eJIHTb ltBHXSHHe no HenpepblBHOA nepeMeHHOA X B npe.nenax O,llHOro 
neptiOlta !::.. C 0 :$ X :5 !::..) OT .V.BH:&:SHHR no .z:tHCKpeTHOA nepeueHHoA n, 
HyMepyvmeA nepHo.v,~ Cx = na +X). OpH STOM B~JIHOBaR WYHKUHR 
npe.llCTaB1IH9TCH B BHne npoH3BeneHHR ~YHKUHR exp(iknf1) ~(X) 3THX 
pa3nSJibHblX llBHXSHid\, a 3HeprHH B Bl!ne CYNMht COOTBSTCTBytllll.HX 
napuHaJibHblX 3HeprHA. HpyrHM Ton~oN nocnyiHna dece~a c H.E. ~pcoBoA o 
npe.nno~eHHOM eD ~pMaJIH3Me odpaTHOR 3a.z:ta~ Ha BeeR OCH A1IH KBa.ztpaTH'IHO 
HHTerpKpyeMNX B03MJU1,9HHR nepHOAH\ISCKOrO D01IH (2), 0Tano HCHO, \ITO 
MHorae no.nxo.n~ odpaTHOR sa.z:tal.IH Cfenb~Hna-fleBHTaHa H Mapl.ISHKO Ha 
nonyocH, R-MaTpHl.IH~ Ha KOHS~OM 0Tpe3K9 H np.) MOrYT d~b 
pacnpocTpaneHbl Ha cnyqaa c HCXO.U.HblM V 0 nepHO.D.H'IeCKHl.l noneN H 
COOTB9TCTB9HHO Odod~eHbl pa3JIH1.1Hbl9 TOqHO pemaeNUe MO.U.SJIH. HanpHNep, 
CBH3aHHble COCTOHHHJI HHIS H Bl:lWS HenpepbiBHOrO CTISKTpa H norpyKSHHhlS B 
aero. MoiRa TaKie paccMaTpHBaTb nHneRHo H93aBHCHMhle dnoxoBCKHe peweHHH 
npH ~HKCHpcBaHHoA 3HeprHH KaK aRanorH OO~HWX cDOOo~RWX peWSHHI 
Cexp [±ikxl, sin kx, cos kx, exp [±~xl, sh ~x. ch wx) H cTpoHTh H3 HHX 
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Ha TipOH3BOJlbHbiX OTp€3KaX C nepHO.lllf4€CKHM TIOJI€M 06UJ,;te peW€HltH B BH.U€ 
JIHHeA:HhlX KOM6HHaUHR, TIOCTO~HHhl€ K03~HUHeHThl KOTOphlX .llJI~ KOHKpeTHbm 
peweHHA: onpe.neJI.HDTC.H H3 ycnoBHR ClllHBaHH.H. B traCTHOCTH, MO<niO "BWHTb" B 
nepHO.llHtrecKoe none y~acTOK .npyroro nepHo.nHtrecKoro non.H c naKyHoA: 
C3anpew.eHHOR 30HOA:J, "neperopaJKHBaJOlll,eH" nonocy npoBo.IIHMOCTH, C03.llaBa~ 
TaKHM o6pa3oM aHanor noTeHuHaJibHoro CSapbepa. B naHHoH paCSoTe Mhl 
paCCMOTpHM 3~KT TYHHeJIHpOBaHH.H )lJI~ dJIOXOBCKHX BOJIH, B traCTHOCTH 
pe30HaHCHOrO, KOr)la CHCTeMa dapbepoB, Kax.Ilblli H3 KOTOpbiX Tpy.IIHO 
npoHHuaeM, oKa3hlBaeTc.H npo3patrHOA:. Odcyx.naeTc.H TaK~e .llBH~eHHe naKeTOB B 
pa3pe!lleHHhlX H 3anpew.eHH~x 30Hax CaHanor s~KTa ~JieTtrepa [3,4JJ H 
TYHHenHpoBaHHe CBH3aHHbm tracTHU CaHanor padoT [5,6,7JJ. 

K paCcMaTpHBaeMOA: 3.ll€Cb T€Me HMenT OTHO!Il€HHe paCSOThl [8-12]. 

2. OBWHE qcpT~ M OCOBEHHOCTH PElliEHMR onHOMEPHOfO YPABHEHMH 
lllPEnHHTEPA B CJIY'lAE HETIPEPb!BHOl'l KOOPnHHATbl, HA PElliETKE H B 

ITEPHO~CKOM DOnE 

Tio.ntrepKHeM napannenH Mex.ny yKa3aHHhlMH THnaMH pe!lleHHH H 
.llOrOBOpHMC.Ii 0 H€CTaH,napTHhlX TepMHHaX. HaTIOMHHM aHaJIOrH4HYD CHTyaUHP, 
Kor.na MN conocTaBn.HeM ~YHKUHP Eeccen.H j - CHHycy, WYHKUHP HeA:Maaa n -
KOCRHycy, WYHKURM XaHKenf! ttl. ~ - SKCTIOHeHTaM c .neA:cTBHTeJibHblMH H 
MHHMNMH apryMeHTaMH; TaK JK€ MO<niO rOBOpHTb H 0 KyJIOHOBCKHX, 
KBa3HriOT8HUHaJibHbiX, 6JIOXOBCKHX "cHHycax", "KOCHHycax" H "3KCTIOH€HTax". 

HapR.llY c ypaBHeHHeM C 1) CSy.neM paccMaTpHBaTb KOH€1.jHO-pa3HOCTHoe 
ypaBHeHwe illpe.nHHrepa Ha pe!lleTKe C c waroM fi J : 

'l! - 2'11 + 'l! 
- h2 n+1 n n-1 E 'l! (2) 

2m fi2 n 

r.ne Trd_ peweTO~HhlA: onepaTop K~HeTHqecKoA: aHeprHH - BTopa.H pa3HOCTHaSI 
npOH3BO.UHaSI, H ypaBH€HHe c nepHO,UH1.j€CKRM TIOT€HUHaJIOM VCxJ = vex + ~) c 
nepHO,UOM fi : 

- ~ 'l/"(xJ + VCxJ OCxJ = E <!iCxJ (3) 

C ycnOBHeM nepHOJJ;H1.jHOCTH, odecneqHBaDmHM paBSHCTBO ITO MOJJ;yJID 3HatreHHA: 
~YHKUHH B TOqKaX, pa3.U€TI€HHbffi U€JihlM 1.jHCJIOM nepHOJJ;OB ~: 

'l! Cx + n6) = expC1kn6J o CxJ; oCx + n6J = oCxJ. (3') 

Pa3HOCTHO€ ypaBH€HHe ( 2) HM€€T pe!lleHHe B BHll.€ CBOdOJJ;HOR BOJIHbl C 
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expC ikn~l, 

TORbKO c ~MCKpeTHO'R KOOP~HHaToR n neRCTBHTSJibHO, no~cTaBnRR era B C2J H CoKpamaa ode CTOpOHhl paB9HCTBa HaSTy 3KCITOH9HTy, nonyqaeM TO~eCTBO, 
SCJIH k H E CB.ff3aHb! COOTHOWSHHeM 

(4) 

B OTJIH~He OT OdbNHOA CBH3H k2 ; 2m£/h2
• 3Ta C!I9UHWHKa peweTO~HOR BOJIH~ 

CBR3aHa C TeM, t.ITO .IlHCKp9THaH nepeMeHHaJi n He ,!lOITycKaeT peweHHR C tracToTaMH BbiWe l/h.. B qacTHocTH, rapMoWKa cHHycoH.naJJbHOro peweHHH sin kx ypaBHSHHSI ( 1) HeorpaHHti9HHO CJrnMaeTCH C poCTOM aHeprHH H 
't!:acToTbi k =:; C2mEJ 1

/
2

, a JlHCKpeTHbre TO'llKH "rapMOWKH" sin knA, D'leBH.!lHO, H9B03MOKHO CdJIH3HTb donbWe t.IeM Ha h.. 
ilpH peWSHl-Ul: ypaBHeHHR ( 3J .D:JIH 

paccMaTpHBaTb HenpepbiBHYD rrepeMeHHYI:J X, 
(-oo,oo), ~ KOMdHHaUHD ~ nepeMSHH~ n 

x = n Ll. + X , 

rrepHO.llHtiecKoro nona MoXHo 
HM9Dill.YD ::3Ha'I.1:9HHSI Ha BC€1! OCR 

H X: 

C5J 
r.D;e X onpe,neJieHa Ha HHTepBan:e [ 0, td , a n npoCleraeT Bee ueJibJe 1.£HcJia. 
Tor.D;a nepHO,llH'l9CKHe yCJIOBHJi (3') MOXHO paCCMaTpHBaTb KaK pa3,1l€JI9HHe 
nepeMeHHbiX n H X B ypaBH9HHH B CM9WaHHbiX \laCTHbiX npOH3BO,llHblX 
Cpa3HOCTHhlX non H od~HbiX no X ; h = 1; m = 1): 

C T'd - d2 /dX' +VCXJ l 'I' Cn, Xl = CE +•'dl 'I' Cn, Xl, CBJ 
r.lle E H ld- aHeprHH .D;BHlKSHHSI no aenpepbiBHOR Koop,lluHaTe X Ha OJlHOM 
nepHO,ll€ H no ,llHCKp9THOR KOOp,llHHaTe n. 

3. CB5!3AHHbiE COCTOHHIIR HAll HETIPEPb!BHbiM CITEKTPOM 

ITOHaTBe 30H~ npOBO,llHMOCTH HJIH 3anpeneHHOa 30HW OTHOCSITCH K 
6eCKOH9\IHOa OCH, HO H ,llJIH OT,ll9JibHNX ee OTp93KOB MOXHO roBOPHTb 0 
COOTBSTCTBJD~X 3HepreTH'l9CKHX 30HaX C KOJI96JIDnHMHCH HJIH paCTYmHMH 
Ccna,naDmxMH) peweHHRMH. 

HanpHMep, BCTaBHM B O,llHOMepHyD peweTKY C WarOM Ll. H 30Hoa 
nposo,n;HMOCTH CaenpepbiBHOro cneKTpa, KonediiDIII.HXCH peweHHa - KOMdHHauHa CHHYCOB H KOCHHYCOB) E ( 4/~;i!. KYCOK peweTKH C M9HbWHM warOM 6 ( f1 H 
do~ee WHPOKO'A 30Hoa KOJISdJIDmMXCH peweHH:R: E ( 4 / 62 

( CM. pHC 1) , 
BbliiHpaDm,e:A B aanpem,eHHYD odnacTo JlJIH coce.llHHX nonyoceA:. Tor.na 
KOJied)1DIII,H9CH peWGHHSI B BepXHe:A qacTH 3TO:R: 30Hbl: ,llOJIXHbl: CWMBaTbCH C 3KCnoHeHU:HaJibHO ydbiBCWIII.HMH peweHHHMM COCS,llHHX DOJiyoce:R:, liTO B03MOXHO JIHWb npH ,lUICKpSTHblX 3Ha'l9HHSlX 3HeprHH, KOTOpbl:e KaK paa H OTB€\la.DT 
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CBH3aHH~ COCTORHHRM Han HenpepNBHNM CTI9KTpOM (HenpephlBHbffi CTI9KTp, 

ecTecTB9HHO, pacnonaraeTCR B pa3peweHHO:R 30He nonyoce:R). To :m.e 6hlno 6cr, 

eCITM C TIOMOabD TIOTeHUHaJihHOro 6apbepa KOH9~HO~ WHpHHhl Mhl TipHTIOnHRJIH 6hl 

30HY KOJiedJID~XCR peWSHH~ Ha 0Tp93K9 peWeTKH C TIOCTOHHHhlM warOM fi 

(MOrnH 6hl TIOnyqHTb CBR3aHHhl9 COCTORHHR Han dapbepoM). 

E 

Pio~c.1. "BwHBaHHe" B peweTKY c waroM fi C nonyocio~ I, III ) KOHe'-laoro 
HHTepBana ( yqaCTOK 11 : a ( X ( b) C MeHhWHM illarOM 6, HO donee illlolpOKOA 
30HO~ KOJiednD~XCR peweHH:£:1. lliTpHXITYHKTHpHaR JIIol:Hiol:R OKa~MJIR9T CBepxy 
odnacTb C3awTpHXOBaHHyn) KonednDmHXCR peweHio~:R B nnocKOCTH CE,x). fi 
3aepnuJ £, ne:nn B odnacTH HenpepbiBHoro cneKTpa C E < Emax conl = Emax ) 
OcuHnnHpyx:mme peweHHR B npRMoyronbHHKe, BcnnipanmeM Han nonoco:R 
HenpephlBHoro cneKTpa 0 < E ( Emax JIHillh npH nHcKpeTHhlX 3Ha~eHHRX 
aHeprHH MOryT 6NTh cwHThl co cnananlD.HMH B ode cTopoHhl oT II. TaK 
TIOJiy~aDTCR CBR3aHHhl9 COCTORHiol:R Han TIOJIOCO:R paccexHHR Wb(£ = Eb)· 

Tiono6HaR :!.9 KapTHHa TIOJiy~aeTCR 9CJIH TipHTIOnHRTb Ha KOH9~HOM y~aCTKe 

TIOJIOCY OCUiol:JIJIHPYPID.HX peilleHH:£:1: C TIOMOabD OTTaJIKHBaDID,ero TIOT9HUHaJia 

V = V 
0 

; CM. pHC 2. 

E 

v. 
I 

"7/"1 
~ ""'"""'-7'-'!4'-n"-1-,7~'-,/t.-, 71, •.• : 

0.. 

Tff 
-. -//17 .. /7; 1~/ 

/.; ' / .. I. 

PHc. 2. 06pa3oBaHHe CBR3aHHoro cocTORHHR Han nonocoa aenpepbiBHoro 
cneKTpa dnaronapR non~eMy yqacTKa KonedrrDID.HXCR peweHH:R aa HHTepBane II 
B odnacTb sKcnoHeHuHanbHo 3aTyxaDID.HX C pacTymnx ) peweHH:R Ha nonyocnx I 
H I I I . B OTnHtme oT pHc. 1 , cnBHr BepxaeA rpaaHUbi 30Hbl ocuHnnHpyDID.HX 
peweHHA B odJiaCTH I I nonyqeH 3a c~eT BKJID~eHHR OTTaJIKHBaDID,ero 
noTeH~Yarra Cdapbepal VCxl = Vo npH x E II. 
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AHaJIOr:li'tJHO MO!CHO KOHCTpyHpOBaTb pa3mf4Hbi€ CHCT€Mbl H R3 KYCKOB C 
rrepHo~H'tJ€CKHMH ITOT€HUHaJiaMH, 'tiepe~yR ITO xeJiaHH~ y't!aCTKH pa3peWeHHhlX 30H 
c naKyHaMH C o6nacTJIMH pacTyiii.Hx H y6h!Ba~W.HX peweHH~, eM. pa3~en 5 o 
TyHH€JIHpOBaHHH). 

4. TO~O PEillAEMhlE MODE~ B PA3~~ 10PMYAHPOBKAX 06PATHO~ 3ADA~ 
AHanor peweTo"tJHO~ CnepHO.UH't!ecKo~) o6paTHO~ 3ana't!H B nonxone 

fenbwaH.ua-JleBHTaHa (Ha TIOJIYOCL!:) CTpOHTCH C TIOMOIILbD perynHpHb!X B HYJI€ 
peweHH:tl ¢ ( nma CHHYCOB). KaK 3TO TIOKa3aHO B [ 7] , MODIO ITOCTpoHTb 
pa3JIH'tJHbie TO't!HO pewaSMbi€ MO,Il;9mi C ITOTeHUHaJiaMH 6aprMaHOBCKOTO THTia: 
HaiTpHM9p, ITOCa,UHTb CBH3aHHO€ COCTOHHHe B HenpepbiBH~ CTieKTp HJIH B 
3anpeW.€HHY~ o6naCTb (B JIXJ6y~ TIOJIOCY TipOBO,UHMOCTl1 HJIH JiaKyHy). <llopMJJibl 
,UJIR BOJIHOBhlX ~YHKUH~ TaKHX COCTORHH~ HM€DT BH,U: 

¢Ck,rl 

,UJIH TIOJIOCbl ITpOBO.ULfMOCTLf H 

6JIOXOBCKMM "rHTiep60mlt!9CKHM 
TeopeMa a ,n;Byx cneKrpax? 

s1n kr iliCk rl 
(7) 

+ J sin 2 kr ~ck,r) dr 
' 

aHaJIOTHt!HO .UJIR 3anpeW.eHHbJX 30H, TOJibKO C 
CHHYCOM Bsh " BM9CTO 6JIOXOBCKOro CHHyca. 
~pMyna C7) rrony"tJaercR ,n;JIR rrpocreawero 

O,UHO'tJJI9HHOTO BNpO&n9HHOTO R.Upa Q( r , r ' ) ypaBH€HHR THITa 
renbiflaH,n;a-JleBHTaHa. AHanorw.J:Ho o(')o6W.aDTCR MHOTO'tJJI9HHbl9 
6aprMaHOBCKOTO THITa (CM. [7]). 

5. TYHHE~OBAHIIE 

B 30HY ITpOBO.UHMOCTH peweTKH IUIH nepHO.UH1..19CKOrO ITOJISI MO!CHO "BWHTb" 
nepeKpbiBaDIII.Ha ee ITOTeHUHaJibH~ dapbep TaK,1..1TOdbi dJIOXOBCKHe BOJIHbl MOTJIH 
TYHH9JIHpOBaTb CKB03b Hero (CM. pHC. 2 ) . DoTeHI.lHaJibHa.H SIMa Ha KOHe'tJHOM 
yttaCTKe onycKaeT 30HY OCUHJIJIHpyDUI.HX peW9Hl1:R, TaK 'tJTO BepXHH:R ee Kpa:R 
OKa3biBaeTC.H HH!:e BepXHe:tl rpaHHUb! ITOJIOCbi npOBO,UHMOCTH - CM. pHC. 3. TeM 
CaMhlM B ITOJIOCy ITpOBO,UHMOCTH CBepXy B,UBHraeTC.H y't!aCTOK 3aiTp9lli.9HHO:A' 30Hbl, 
,n;onyCKaDW.eA JIHWb TYHH9JibHYD npOHHUaeMOCTb. Dony"tJaeTCJf KaK db! 
"nepesepHyTbtlt CnonseweHHbli!) noTeHUHaJibHblit CSapbep". 

'IO"l!HO TaR JK8 B JIDdyD pa3p8W9HHYD 30HY nepHOllH1..19CKOTO ITOT9HU,Hana 
MOniC "BWHTb" JiaKyHy (KycoK 3anpew.eHHOR 30Hbl), TaK 1..1TO OHa 6y,n;eT 
CnyDl:Tb KaK 3qxJleKTHBHbli\ TIOT9HUHaJibHbtit dapbep ,UJIR "cBOdO.UHbiX" dJIOXOBCKHX 
BOJIH B 30He ITpOBO,D;HMOCTH - eM: PHC. 4. 
CHCT9Ma .UByx HnH donee TaKHX dapbepoB ,UOliiHa Odlla)laTb CBO:A'CTBOW 
pe3oHaHCHOro TyHH81IHpOBaHH.H: dbiTb npo3pa't!HOR .llJIR BOJIH C pe30HaHCHbDIH 
SHeprH.a:MH Era~ CKBa3HCTallHOHapHNX 

dapbepaMH), CM. pHc.5. 
COCTORHHA ,UJIR CTOHtlHX BOJIH MeQ;y 
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PHc. 3. 34>Q?eKTHBHbili: "noTeHuHaJibHbtli:" 6apoep, 
30HY rrpOBO.rlHMOCTH B o6naCTH TipHTR~SHHR 
WTp.wmyEKTMP9M orpaHHT.lSHa 30Ha OCUHJIJIHpyt:Hli,HX 
Ema.x - BepxHHR rpaHHUa 30Hbi npoBO.llHMOcTH. 
pacnpOCTpaHHDTC5! 693 TyHH9JIHpOBaHHR, a TipH 
CBHcanuma H3 BepxHe~ 3anpe~eHHOR 30Hbi 6apoep. 

cnycKaD~RCR CBepxy B 
vca <x < bl = ~. < o. 

peWSHHR ( 3aWTpHXOBaHa) . 
TipH aHeprHH E, BOJIHN 

E2 TyHHenHpyDT T.tepe3 

E PHc. 4. B nepHOllHT.teCKoe none c 

lL - CHCTSMOR TIOJIOC IIpOBO,llHMOCTH 
. . ~ Ill C sawTpMxoBaHHb!Ml! o~HoKpaTaol BWHT 
~ - KycoK c .npyrHM rronocaTbiM ·- · ~:.n -· · "cneKTpOM" (30HaMH OCULf1TJIHpyDIIU'IX L "'L.( u peweHH~) , TaK r-rTo npH E, H E3 

I 

C /j' ~.// ·. ~./ , li.BH!CSHHe B 30HaX TipOBOllHMOCTH 
V-.,..: ~ - rrpepbiBaeTCR 30HaMM TYHHeJIM:!pOBaHM:I.H 

• - - - • ; (a < x < b), a npH Ez H E4 B r -~- JICaOKCYTHO~XHua B03MOEH~KCTIOH0eBH~~aaHnHb~HeO 
V
/)77"/-~" Jl ...... , Q ..... JI. 

~~ ~-L~-\ 3aTyxaJOIII.He B o6e CTOpOHbf OT 
• - - • C" _ ""/_/ _T 

1
7';:j. BCTaBJieHHbiX 30H OCUM:IJIJIHPYDUJ,HX 

L:~.LLJ peweHHa Cc .nBoaHoa wTpMxoBKo~) . . . \i-?i ;-, 
IcL./11 ILL 

Cc 

T€:M CaMl:lM Mbi MOJ:eM KaK 6bl ynpaBJHITb CBOaCTBaMM 30Hbl ( Yl.Uii:ThlBa.H K TOM}' :m:e 

YIIOMRHYTYJO Bb~e B03MO!:HOCTb ca~Tb. B rrD60e MeCTO CBR3aHHble COCTORHM:IR, C 

IIOMOmhJO B03MJIII.eHHa rrepHOllH~eCKOrO TIOJIR IIOTeHUHaJiaMH daprMaHOBCKOrO 

THIIa). 
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Tr Ill 

~-

PHc.5. B 3DHY DQOBO.D;HMOCTH Cy~acTKH I, III, VJ BWHT~ naa oTpe3Ka 3anpew,eHHOR 30Hb! C II H IVJ, KOTOpbie .ueR:cTBYJJT KaK sctxbeKTHBHbte noTeHuHarrbHb!e dapoepbl. OpH saeprHH Eres Ha y~acTKe III Me~y~aapoepaMH o6pa3yeTCi! KBa3HCTaUHOHapH08 COCT0.1JHH8 H CHCTeMa dapbepoB OKa3blBa8TCH npo3paT.ffio:A:. 

6. JIBKIKE!illE !IAKETOB 

M3 OCUHRRHpyDW.HX peweHHA B 30HaX rrpOBO,llHMOCTH MOXHO CTpOHTb 
naKeTbL ll.nil 3THX rraKeTOB 8CT8CTB8HHO OltH)laTb 3~KT 4JJI8T'I.i8pa ( pOCT 
CKOpoCTH TyHH8JIHpoBaHHil C WHpHHO:A: dapbepa) H CBOeodpa3HYD Bp8M8HHYD 
3BOJIDUHD naK8TOB B TIO.D;dapbepHo:A: odnacn:l, KOTOpbiS paccMaTpHBaJI1.1Cb 683 
nepHO,llH'ti8CKOrO TIOJI.Il B [4). 

0 

PHC. 8 CneKTp B nepHO):Uftl8CKOM TIOT8HUHane, COCTa.BJI8HHOM H3 noTeHUHaJibH!:lX Clap:cepoB BbiCOTbl Vo , H wHpHHbt "a", pacrronoJteHHNX Ha TOM :m paccTOHHRU "a" .llpyr OT .npyra, B 3aBUCHMOCTH OT BSJrntmHbl "a". 
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CKOpOCTb naKeTa B 30He npOBO.D;V!MOCTV! Bbrpa::taeTC.II 06bNH0:£1 4oPMYJI0:£1 

CcM. , HanpMMep, WOPMYJIY 55.20 B KHMre EnoxMHUeBa [ 131): 

rne HH.UeKc ·~o" 

KBa3HHMTIYJibCY k , 
3Ha'I.!:9HHH ::meprHH. 

TIOT9HUHaJibHhlX ~M, 

03Ha'l.!:aeT, 't'!TO TipOH3BO.UHa~ (B HaUieM 

a He no liiMTIYJibCY k) depeTCE npH cpe,nHeM 

ECJIH nepHO.UH't'!eCKOe none COCTaBJI9HO H3 

OT.rteneHHhlX .npyr OT ~pyra dapbepaMH, 

cny't'!ae no 

.n;mi naKeTa 

o.n~maKOBhlX 

TO nonoca 

npOBO,nHMOCTH, ~BJIRD~a~c~ npenenbHb~ cny-q:aeM TIOJIOChl pac~enneHHhlX ypOBHe:£1 

3KCTIOH6HUHaJibHO ( KaK H nondapbepHaa: TipOHHUaeMOCTb) c:mMaeTCE C pOCTOM 

6apbepoB. BMecTe c cyJKeHHeM nonocbr npoBOllHMOCTH aKcnoHeHUHaJ!bHO cnanaeT 

H CKOpOCTb .nBHJK9HH~ naKeTa (HeCMOTpR Ha "pe30HaHCHYD npo3pat.J:HOCTb" 

CHCT9Mhl dapbepoB TipH pa3p9W9HHb!X 3Ha'l.!:eH:H~X 3HeprHH). 3TO Od'bRCHR9TC51: 

TeM, 't'!TO KaK H B cny't'!ae pe30HaHcHoro TYHHenHpoBaHHR -q:epe3 nBa dapbepa, 

TpedyeTCR, 't'!TOdbi B KBa::n!CTaUHOHapHOM COCTO.IIHHH ycnena HaKOJIHTbC~ 

CTOR't'!aSI BOJIHa C 

nanaD!ll.e:£1 BOJIHbi I 

BOJIHa; CM. [ 7]). 

dOJ!bUI0:£1 aMTIJIHTYllO:A. ( BO CTOJlbKO pa3 60JibUI9:£1 aMTIJIHTy,nbi 

BO CKOJlbKO ocnadmleTCH OllHHM H3 dapbepOB I1pOW9,llWa~ 

KcTaTH, Ha pHc. 6 (ccblnKa Ha aBTopa pHcyHKa, K 

CO:ataJieHHD, yTep.a:Ha) npe.UCTaBneHa 3aBHCHMOCTb WHpHH TIOJ!OC I1pOBO.UHMOCTH 

npH pacwHpeHHH dapbepoB (H SIM) nepHO.UH't'!ecKoro nonE. BH.nHo, KaK cyxaDTCR 

30Hbl c pacwHpeHHeM dapbepoB. 

7. MHOfOKAHAJThHbiE, MHQfOMEPHbiE II MHOfOl!ACTWlllbiE CJi!CTEMbl 

CBR3aHHbJe o.n;HOMepHbie ypaBHeHHR IIIpe.nHHrepa c nepHo~lr4ecKoa: MaTpHue'R. 

B3aHMone:A.cTBH~ V~Cx + ~) = V~Cx) npencTaBJI~DT codo'R. MaTpH't'!Hoe 

odOd!U.eHHe O.UHOKaHaJibHO:A. 3ana't'!H c vex + ~) = VCx). 

CneKTP MaTpH't'!Ho:£1 nepHo.UH'I.!:ecKo:A. 3a.n;a't'!H TOJKe nonocaT~. EcnH B 

KaKO:A.-JIHdO TO't'!K9 HM99TC.II BOJIHa JIHWb B O.UHOM H3 KaHaJIOB, TO MOXHO 

OXH.llaTb B COCe.UHHX TOl.fKaX I10SBJI9HH~ BOJ!H H B ,npyrHX KaHaJiaX 3a C't'!9T 

CBR3M KaHanoB. O.nHaKo, HMeeTc~ N Cno 't'!Hcny KaHanoB) 

C06CTB9HHO-KaHaJibHbiX COCTO.IIHH:Q.I .!!11~ KOTOpblX OTHOCHT9JibHbTe BeCa 

KaHanbHblX IPYHKl,I.H:Q. ocTaDTCR HHBapHaHTHbiMM npH c.nBHre Koop.n;J.imaTbl x Ha 

nepHO.ll ~ (TIO.IIBJISeTC.II JlHillb OdmH:£1 ~a30BhlR MHOEHTeJib exp [ik~J). 
HHTepec paCCMOTpeHMe Mo.nenH 'iaCTHU B 

nepHO.UH'I.!:9CKOM TIOJie, CB~aHHbiX 6eCKOH8'1.!:HO:Q. TIOT9HUHaJibHO:Q. .IIMO:A.. EcnH 

pa3JIOXHTb BOJIHOBYD ~YHKUHP BCei\ C:HCT9Mbl W TIO COCTOSHH~M BHyTp9HHero 

.nBMX9HHE 1
0 

KBa3Hne:A.ToHa, To nn~ WYHKUH:A. F
0 

I onHcbmaP!U.HX .llBH~eHHe era 

USHTpa MaCC I ITOJIY't'!HM CHCT9MJ MHOTOKaHaJibHbiX ypaBH9HH'R. C TiepHO.I!H'i8CK01\ 

MaTpHueA B3aHMo,neAcTBHR V~Cx). 

,llnR KaM,ItO:A. H3 't'!aCTHU TipH BbiKJID't'!9HHOM HX B3aHMO.n;e:A.CTBHH HM99TC.II 
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nonocaTb~ CTISKTp. BKJIKJqeHHe B3aHMo~eRCTBH~ npHBO~HT K 06MeHaM 3HeprHeR M€XliY qaCTHUaMH, IIpOHCXO~~T nepeCKOKH OTll;eJibHblX qacTHU H3 IIOJIOCbl B nonocy ( coxpaHaeTc~ liHWb nonHa~ sHeprl1:~ Cl1:CTeMbi). IIonoca;rbl"A: :ar:e cneKTP MHOroKaHaJibHOH CHCTeMbi 3TO CTieKTp napbl, nepecTpOeHH~ C ytleTOM B3al1:MOll;eiol:CTBH~ H3 "HeCOXpaH~DIII,HXC~" TIOJIOC TipOBO.llHMOCTH OT,U€JibHblX qacTHU. B 3TOM nepecTpoeHHOM cneKTpe y:ar:e HeT nepeCKOKoB Me:ar:.ny nonocaMH (He cne.nyeT nyTaTb crreKTp He3aBHCHMOiol: qacTHUbl 11: CIIeKTp napbl). 

8. PEKHTMBHCTCKMH CKY4AH 
He~cHo, HMeeT CMblCJI paccMaTpHBaTb c peJI~THBHCTCKMMH CKOpOCT~MH, ytiHTbiBa~ IIepHO,Z:(H"li€CKOe none, HaTipHM€p, B KBa3HTIOT€HUHaJibHOM IIO,UXOlle (CM. [9 ]). Bo BC~KOM CJiyqae, MOJ:HO BB€CTH KBa3HIIOT€HUHaJibHbl€ dJIOXOBCKH€ CHHyCbi, KOCHHYCbl, 3KCTIOH€HTbl, KaK 3TO dbiJIO Cll;eJiaHO BbiW€. 
IIpH KaHanHpoBaHHH "l.laCTHU BblCOKHX sHeprH:A 

npeHedpe"llo noneM KpHCTanna B rrpo.nonnHOM 

1..!€pe3 KpHCTaJIJibl 
( TIO ,UBHJ:eHHKl 

MO:«HO 
qaCTHU) HanpaBneHHH H y"liHTbiBaTn JIHWb nepHo~H"l!ecKoe none .nn~ nonepe"l!Horo HH3K03HepreTH"l!ecKoro .llBHJ:€HHR. IIpH aToM, .naJ:e B nonoce npoBo.nHMOCTH no nonepe"l!HOMY llBHJ:€HHD, IIY"liOK MOJ:eT Xopowo y.nepJ:HBaTbC~ B KaHane, dnaro.nap~ Me,llJieHHOMy ,llBHJ:€HHD "l!ep€3 nepHO~H1..!€CKH€ dapbepbl, 0 "4€M dblJIO CKa3aHO BhlWe (B CB~3H C ~PMYJIOR (8)). 

ilpH OTpaxeHHH BOJJH OT ,UBHJ:y!ll,eiol:C~ rpaHHUb! [ 12] M€H~KlTC~ \.laCTOTbl OTpaJCeHHOiol: H npeJIOMJI€HHO:A BOJIH, yroJI na.neHH~ OKa3biBaeTC~ H€ paBHWM yrny OTpa:ar:eHH~. 8 cny"llaRx, Kor.na CKOpOCTb li;BHJ:€HH~ rpaHRUbl pa3.nena IIp€BblWa€T ~a30BYKl CKOpOCTb BOJIH B 3aM€li;JI~KJ!ll,e:A cpe.ne,oTpa:ar:eHHa~ BOJJHa BOOdlll,e nporra.naeT, 3aTO IIO~BJI~€TC~ BTOpaR IIp€JJOMJieHHa~ BOJIHa. 8 padOTe [ 12] paccMaTpHBaJIHCb 3JI€KTpOMarHHTHhl€ BOJIHhl, HHT€p€CHO 6blJIO dhl Bbl~CHHTh, KaKH€ p€3YJibTaTbi ITOJIY"llaTCR ~JI.H: BOJJH, OTB€traDIII,HX MaCCHBHbiM \.laCTHUaM, H tiTO BHOCHT B 3~KT BH€WH€e IIepMOllH"li€CKO€ TIOJie. 

HanHcaTb ~aHHYD pa6oTy MHe ITOMOrJIH 6ece,nbl c M.B. AMHpxaHOBblM, ].f. 3acTaBeHKO, A.M. MorHJibHepOM, H.E. ¢HpCOBOiol:, Bhlpaxan HM CBOD npH3HaTeJibHOCTb. 
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