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1, BBOJlHUE JAME'IAIIHJI 

KDliHTOBliR MCXUHIIKli YlKC OTMeTttna 

HHTCHCHBHOCTb cc pa3BHTHR HC y61,1eacT, 

yposttcM CTPYKTYPhl, TO 66nbwaR 'IQCTb 

ttepcnRTHBHCTCKOMY onucaHHll, TSK 

ceoii nonyecKoeoii ll6uncfi, Ho 

Ecnu orpUHH'IHTbCR HyKnOHlll,IM 

MUTCpHH DOKpyr HUC noAAUCTCH 

'ITO ncpcncKTHBbl pUJBIITIIH 

KBSHTOBO-MCXSHH'ICCKOro no.nxo.na npaKTH'ICCKH HeorpaHH~CHHble,B oco6eHHOCTII 

JTO KacaeTCR MHOroqaCTH'IHblX H CBRJUHHblX C HHMII MHOrOKUHUJlbHblX acneKTOB 

TCOpHII, To, 'ITO ylKe BblRCHeH~ npCJlCTUBnRCT co6oii KUTinll e OKCUIIC ewe He 

OCBOCHHOro, XOTR YlKC paCKpblThlC JUKOIIOMCpHOCTII np11ecnu K q>UHTUCTll'ICCKIIM 

npuKnU.AHblM peJynbTliTliM, 

nae11ttoo6paJHOe HUKOnneHIIC HIIQIOpMUI.\HII B 0611aCTII KBUHTOBOH QIIIJIIKII 

TpefiycT HODblX cpopM cc yceoeHHR, llpllMCpllM OTKnHKU HU TUKOC Tpcfiuou1111c: 

MOlKCT cnylKIITb 11 1Cuuru Kup·ru110K HJ KBUIITODOii MCXUIIHKH 11 

,llaMella II! MOlKIIO npCJtJIOlKHTb MHOro Jlpyrux TIOY'IHTCJlbllblX 

lil>UIIJlll II 

11nnllCTpUL1IIH 

KBUHTOBblX 3UKOIIOMCp110CTCH OJlllH HJ. UBTOpoe .AUHIIOH pafiOTbl CU_M CIUC 

paHbWC HliMepeoancR HUmicUTb TIOJlOfiHyll KllllfY I npue.na, C HllblMII. KapTHHKUMII), 

PR.A IIIITCpCCHhlX KBUHTODblX KUpTHIIOK Ml,I )'lKC TIOMCIUUnll . B KHllrax 
12

' 
3 

I. 

]IIUKOMCTBO C HOBblMII TUKHMII npHMCpUMII - 3qxtJeKTHDllliR cpopMU pU3BIITIIR 11uweii 

QIHJll'ICCKOH IIHT)'HI.\HII. 

·e 3TOii pa60TC Mbl npc.AnpHMCM CUIC O)lllll war I ny6n11KyR fl(IUl,IC 

MUTCpHUJll,lj npoRCHRIOUlllC KU'ICCTUC:llllhlC UCIICKTbl TIODCJlCHHR KBUHTODl,IX CIICTCM. 

llOMOlKCT HUM JJlCCb q>UpManHJM o6pUTHOH JU.AU'III, .AUKllllll_ii paJnH'lllblC KJIUCCbl 

Tll'IIIO pewaCMhlX MOJlCJICH Ill. 'ITO!ibl 0611e f\lllTb ye DOCIIHC 3 UKOIIOMCpllOCTcii, 

OTplllKCIIIIIJX B crrofiJHIIIIIIJX IIJJnklCTJ!UllllHX I Olli! conpouo)l(JlllllTCII IIUIIIIIMII 

KOMMCHT11p11HMII, 

2. CUJIJI, )lAIIIIUX l'ACCliHIIHil H / HJIH CIIEICTl'Ani.uux llAPAMlil'l'OII c; 

llO'fllllllHAnAMH 

~ o6paTHOii JQJtU'III ]UMC•IUTCnCII ~. ~ no1eonACT TIOCMOTPCTh .£ 
~ytoii CTOpOIIIJ !!.!!, ..£!!-'!2.!! ~ .£ 1j111:111•JCCKIIMII XIIPIIKTCPIICTIIKIIMII Cll~TCM 1 ,!! 

KOTll!)IJX .!!!.!..!! )lCiiCTllyk>T, IIIIR 11/IR CTCR 110'.IMOlKIIOCTb. KOIIC~y11pon11Tb CIICTCMIJ .£ 
TpcfiyCMl~MII cuoiiCTIIIIMII, CCJlll TOJlbKO IIC nt~XOJtllTh '.Ill pUMKII Jt<lllYCTIIMl~X 

CIICK'l'JlllJlhlllJX IlllpllMCTJIIIII II JtlllllllJX p11CCCIIIIIIR, 

ho:tloMCM ficCKOIIC'IIIYKl 1tpRMOYl'OJlloll)'II llllTCIIHIIIIJll,IIYII MMY C 11111p1111oil 11 1! 11 

II IIOCM11Tp11Mj . KUK OIIII fiyJtCT JtCQJOJIMIIJlllllllTl,CR 11p11 11·1Mc11c1111RX cc 

2 

I ,. 

I 
I 
I 

' i 

k. 

cneKTpanbHl,IX xapaKTepllCTIIK: ypOBHeii 3Hepr1111 EA II HOpM11poaoqHJ.,1X 

KOHCTaHT. B KaqecTBe nocneJtHIIX MOlKHO BU6paTb q11cna 7 A , Ha KOTopue. 

HY~HO YMHO~IITb BORHOBUe q>yHKl.\1111 ~(EA,x) , o6pawaKXIUfeCH B HYRb y CTeHOK 

noTeH1.111anbHOH H~ II ttMeIOU111e MOJtYflb np0113B0Jt~Oii, paBHUH 1, HaTipttMep, y 

npaBOH CTeHKII, qT061,1 nonyqeHHaH QIYHKI.IIIH 6una HOpM11poBaHa Ha e)tllHlll.ly: 

¢'(EA,a) = ± 1; ~(EA,O) = ~(EA,a) = O; 

(1) 

¢A(X) = 7A ¢(EA,x); 
a 2 
J !¢A (x) I dx = 1. 
0 

Benll411H~ 7A = - ¢A(x = a) HBJJHIOTCH aMTinllTYAaMII npllBCJteHH~X w11p11H 

COCTOHHIIH C 3Hepr11eii EA II npe.ncraBnHIOT co6oii BalKHue cneKrpaJJbHl,le 

xapaKTep11cT11K11. MoryT 6uTb, npas.na, 11 .npyr11e cnoco61,1 onpe.neneH11a 

np11Be)teHH~X w11p11H (CM., Hanp11Mep} 3.l). 

Ha6op {EA,7A} TIOJIHOCTblO 3a,naeT QIOPMY TIOTeH1.111ana, B )taHHOM cnyqae 

V(O ~ X ~ a) =Const= o. PaCCMOTpttM, KaK q>opMa TIOTeH1.111ana JaBIICIIT OT 

Bap11a1.111ii 3TIIX napaMeTpOB (p11c.1) C
4 I • 

Ey,neM B 6eCKOHe4HOM Ha6ope {EA,7A} MeHHTb TORbKO OJtHY HOpM11pOBKY 

7, OCHOBHOrO COCTOHHIIH. noTpe6yeM,qT061,1 ¢,(x) Kpyqe cna.nana no MOJtynIO y 

CTeHKII X = a. PHJt TaKIIX co6CTBeHHl,IX QIYHKl.\llll H306palKeH Ha p11c .16 C
4I. 

CooTBeTCTBYIOU1He noTeHI.1nanb1 cM. Ha p11c. 1 a .KaqeCTBeHHo MOJKHo ofiblICHIITh, 

noqeMy· 11MeHHo TaK 0Tpear11posana ~opMa noTeHu11ana Ha yaennqeH11e 

KPYTll3H~ QIYHKl.\1111 ¢1 (x) B6JJll311 X = a. 3TO ycKopeH11e pocTa ¢1 (x) np11 

yAaneHIIII OT x = a JtOfllKHO 61,1Tb CKOMTieHCllpOBaHO 6onee 6~CTpl,IM nepeXOJtOM K 

cna.naH11IO, qT061,1 BOJIHOBaH QIYHKI.\IIH OCHOBHOrO COCTOHHIIH OCTaJJaCb 

HOpM11poBaHHOH Ha 1. KUK pa3 

06ecneq11aaeT TaKoe nose.neH11e 

yrny6neH11e 

¢ 1 (x) ( qeM 

TIOTeH1.111ana B6JJll311 X = a II 

r ny6lKe JtHO TIOTeH1.111ana TIOJt 

,naHHblM ypoBHCM, TeM Bblllle JIOKaJJhHaH qacTOTa OCI.IIIRJIHl.lllii COOTBCTCTBYIOUleii 

co6CTBeHHOH QIYHKl.\1111). Ho ,naJJbWe nylKHO 3aCTaBIITb QIYHKLIIOO, He MCHHH 

3HUKa -y3JJ~ y OCHOBHOro COCTOHHIIH JanpemeHU -cnyCTIITbCH K HynIO D TOqKe 

x = a. 3TO JtOCT11raeTCH OTTanKIIBalOUlell qacThlO .no6aBKII K IICXOJtHOMY 

noTeH1.111any B JJeBoii qacTII H~: TIOJt 6apbepoM QIYHKI.\IIH cywecTBCHHO MCllbWe 

HeB03MyWeHHOH. B TO ~e BpeMH OTTanK11BaIOU1aH II np11Tar11BaIOWaH qaCTII 

B03MYWeHIIH TIOTeH1.111ana B3attMHO KOMneHc11pyIOT CBOe BJJIIHHII~ Ha ypoBHII 

3Hepr1111: B HMe C IICKalKeHHblM JtHOM OHII OCTaIOTc·a TaKllMII lKe, KUK II B 

6eCKOHe4HOii npHMOyrOJJbHOii HMe. BOnHOBUe QIYHK~IIII B036ylKJtCHHblX COCTOHHIIH 

TIOJtCTpa11BalOTCH TIOJt HOBYIO QIOPMY TIOTeH1.111ana, HO TaK, qT061,1 ¢~(a) 

OCTaBaJJIICb He113MeHHblMII, CM. p11C.1B, r.ne 11306palKeHa BTOpaH co6CTBeHHaH 

QIYHKI.\IIH (npll pa3Hl,IX 3HaqeHIIHX- napaMCTpa 7 
1 

q>y11K~IIH y npasoro Kpaa 

CJIIIBaIOTCH B OJtHY JJIIHHIO) • HeOlI<IIJtaHHblM OKa3anocb coxpaHeHHe II BCRll411H 

¢~ (0) ( CJIIIHHIIC ¢2(x) C pa3HblMII 71 II y neaoro KpaH H~ Ha p11c;lB 
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TO ~e OKa3NBaeTCll aepHb!M H AJlll 6onee BUCOKHX B036y~AeHHUX COCTOllHHii,KaK 

BHAHO H3 $OpMynu (2.58) KHHrH
131

). no-BHAHMOMY, 3AeCb rrpOl!BJllleTCH 

HeKOTopall AOITORHHTCilbHall CHMMeTpHll HCIT0Jlh3yeMOH 6aprMaHOBCKOii MOAeJlH. 

V{X) 

E3 

E2 

I""""= :, X 

I' \\\\'.\, I X 

V~J __ - - ----- E3 

~ ~-::J E1x 

r--------------'"'-X 

PHC. 1. l!3MeHeHJfe $OpMU ITOTeHI.~Hana ( pttc. 

a,r,~ ) tt co6CTBeHHUX BOJlHOBUX $YHKQHii 

1/1-,.,_ (x) pHC. 6,B,A,e 

3Ha'leHHH rrpOH3BOAHUX 

He'IHOH HMU (a-A) HJlH 

rrpH aapHaQHH 7-,.,_ -

1/1-,.,_' y CTeHKH 6ecKo

B ee QeHTpe (~) 
141 

a) le$OpMaQHll AHa 6eCKOHe'!HOii npHMoyronh

HOR llMU rrpH yaenH'leHHH HaKJlOHa $yHKQHH 

r/Jt(x) OCHOBHOro COCTOllHHll y npaaoii CTeHKH. 

Bee ypoBHH E-,.,_ H 7-,.,_*1 OCTaXJTCll HeH3MeHHblMH. 

6) BOJlHOBUe $yHKQHH ¢
1 

OCHOBHUX 

COCTOllHHll,. 

pHc.la. 

OTBe'lalOU(HX ITOTCHQHanaM Ha 

B) BOJlHOBUe $YHKQHH ,;,2rrepaux B036y~eHHUX 

COCTOHHHR B ITOTeHQH~nax, H3o6pa~eHHUX Ha 

pHC.la. 

r) le$OpMaQHH ITOTeHQHana rrpH H3MeHeHHH 

npOH3BOAHOH 7 2 co6CTBeHHOR $YHKQHH r/12 y 

npaaoro Kpall l!MU (ypOBHH 3HeprHH E-,.,_ H 7-,.,_*2 

He MeHl!XJTCll). 

A) BOJlHOBUe $yHKQHH ¢
1 

OCHOBHUX COCTOllHHH, 

OTBe'lalOUIHX ITOTeHQHanaM Ha pHc.lr. 

4. 

,) 
., 

o/ifx) 

I"'= '-. I le 

X 

PHC.l 

e) BOJlHOBUe $yHKQHH r/12 nepsux B036y~aeHHNX 

COCTOHHHH, 

pHC.lr. 

OTBe'lalOU(HX noTeHQHanaM Ha 

~, lle$opMaQHH OCQHJlJlHTOpHoii 

HJMeHeHHH npOH3BOAHOH $yHKQHH 

COCTOHHHH B T04Ke X = 0. 

HMN npH 

OCHOBHOrO 

nocMOTpHM Teneph, KaK pearHpyJOT noTeHQHan H $yHKQHH Ha aapHaQHH 

HOpMHpOBO'IHOH KOHCTaHTN 7 BToporo COCTOHHHH, CM. pHC.lr,A,e
141

• KaK H 
2 

B CJly<Iae sapHaQHH 71, noTeHQHan yrny6nHeTCH y npaaoro KpaH HMN C pOCTOM 

72 (pHc.lr), HO CHJlhHee, •teM Ha pHc.la. nocne4Hee 06bHCHHeTCH TeM, 'ITO 

Tpe6yeTCH 6onee MOUlHOe B03MyllleHHe noTeHQHana, 'IT06u Ae$opM11poBaTb 

$YHKQ11JO COCTOHHllff C 60J1bWeii ]Heprneii. llnH KOMneHCaQllll 3Toro CllJlbHOro 

npHTH~eHllff Heo6xOA11M H 6onee BNCOKHH OTTaJlKllBalOU(HH 6apbep, B03Hl1KalOU(11ii 

CJleBa OT yrny6neHl1H. He60J1bWHe yrny6neH11e 11 6apbep B JleBOH nOJlOBHHe HMN 

HY~HN, nO-BHAHMOMy. AJlff Toro, 'IT06U cpyHKQllff ,;, 1 (X) (pnc. lA) ycnena 

JaKOH'lllTb KOJ1e6aH11e H npnwna K neaoii CTeHKe C HyneBUM JHa•1eH11eM (H 

no•teMy-To C HeH3MeHHNM HaKJJOHOM ) • He HCHO eme, no•teMy $YHKQHH r/11 (x) H 

r/12(x) rrpn BCex 3Ha•teHHHX 72 npoXOAHT •tepe3 OAHY TO•tKy B QeHTpe HMN. 

llHTepeCHO conocTaBHTb cepHIO cneKTpanbHO- ]KB11BaJ1eHTHNX ITOTeHQl1aJ10B 

AJlff 6ecKOHe'IHOH npHMOYr<lJlbHOH HMN (Ha pHC. la) c TaKoii ~e cepneii AJlff 

OCQl1J1JlffTOpa (p11c.1~, 
151

• TOJlbKO B nocneaHeM cny'lae MeHHeTCH np0113BOAHaH 

co6cTBeHHOii $yHKQ11H He Ha KpalO HMN, a Bee QeHTpe. 

B03bMeM Tenepb AJlff 7 
1 

3Ha•1eH11e, OTBe•ialOU(ee Ha116onee B03MyllleHHOMY 

noTeHQHany Ha p11c.1a, H 6yAeM yaeJJH'IHBaTb 72• B03MYllleHHe npHMOyrOJlbHOii 

TIOTeHQl!aJlhHOii HMN ITOJly<IaeTCH ( CM. pHC. 26) KaK "cno~eHHe" BO:IMyllleHHii 

ITOTeHQHana, 113o6pa~eHHNX Ha p11c.1a H Ir. ECJlH ~e MeHHTb He 72, a 73 , 

TO "nony<lllM ITOTeHQllanu p11cy11Ka 21": Ha MaKCHMaJlhHOe B03MyllleHne Ha-· pnc. la 

11aKnaauaaXJTCH Kone6a11HH 6onbweii •1acT0Tu ( HJ-Ja aapnaQHH cneKTpanbHOro 

napaMeTpa 6onee aucoKoro ypoBHH ). 

HHTepecHO, He IT03B0J1HT JlH Jly'lwe 
11 cJ1o~e1111e 11 B03Mylllellllii TeOpllH KOJJKYIIOBa 161 , 

5 

ITOIIHTb paccMOTpe1111oe suwe 

ycTa11aon11BalOlllaH CBH3h Teop1111 
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P11c. 2 • .llecpopMaQl1l! fieCKOHe'IHOii npl!MOyronbHOii 

noTeHQ11anbHoii l!Mbl OJJ11 OJ(HOBpeMeHHOM 

113MeHeHl111 HeCKOflbK11X napaMeTpOB 'A (JlBYX 

Ha p11c.a-r 11. Tpex Ha p11c.Jl) 141 • 

a) Benwrnna , Jacjl11Kc11posaHa oTnwrnoii OT 
1 . 

HeBOJMymeHHOii, a '2 Bapb11pyeTCl!. 

6) BenwrnHa , 1 Jacjl11Kc11posaHa pasHoii TOMY 

3HaqeH11V, KOTopoe OTBeqaeT MaKC11ManbHOii 

J1ecjlopMaQ1111 l!Mbl Ha p11c. la, a , 
2 

ysen11q11saeTc11. 

B) 3acli11KCl1POBaHa '2' KaK y OJ(HOfO 113 

noTeHQ11anos Ha p11c.1r, a ,
1 

yMeHbrnaeTcl!. 

r) 3acli11Kc11poBaHa , 1 , KaK y noTeHQ11ana c 

MaKc11ManhHOii J1ecpopMaQ11eii Ha p11c. la, a 

ysen11q11saeTCl! ,
3

• 

Jl) YBen11q11BaVTCl! BMecTe '1' '2' •3• 

6 

I 

OTHOCl1TeflbHOCTl1 C KBaHTOBOH MeXaHIIKOH (OKa3b1BaeTCll, KaK KOH(, .,Ta 

CKUPO,CTl-1 CBeTa c, TaK II nOCTOl!HHall nnaHKa h 3aJ(aVT KpI1Bil3Hbl rrpocTpaHCTB 

no6aqeacKoro co cneQI1cjl11qecKMMI1 rrpaaI1naMI1 cno~eHilll cKopocTeif II cpa3 ). 

flOCMOTpIIM Tenepb, KaK MeHlleTCll noTeHQI13.JI npII CJ(Bilrax nonOJ!(eH11ii 

yp<>BHeii. Ha p11c. 3a noKa3aHa JlecpopMaQilll J(Ha IIOTeHI.(IlanhHOH l!Mbl, KOf J(a 

ypoBeHb OCHOBHOro COCTOl!Hilll IIOJ(HMMaeTCl! K nepBOMY B036~eHHQMy. BIIJ(HO 

cpopMI1pOBaH11e y·cTeHOK JlByx CHMMeTpilqlfblX yrny6neHIIH, OTJ(eneHHblX pacTymHM 

QeHTpanbHblM 6apbepoM. PIIC.36 J(eMOHCTpI1pyeT JlecpopMaQHV BOflHOBOH _cjlyHKQIIII 

OCHOBHOro COCTOl!Hill!: OHa: nocTeneHHO pacmerrnlleTCl! Ha J(Ba 
B OTJlenbHb!X l!MKax •. 

COCTOHHIIH 

Vix)_ - - - - - - - - -IE3 

vlx) 
E3 

E2 

8 E, ~-- #::::::::t~x ~-=.... 

~lxl 

PIIC.3. H3MeHeHile cpopMbl rrpl!MOyronbHOH 

IIOTeHI.(UanbHOH llMbl (a, B) II BOflHOBblX cjlyHKQIIH 

(6, r) rrpII CJlBnrax rrono~eHIIH 3HepreTI1qecKI1X 

ypOBHei1 EA I 4 I • 

a) .llecpopMaQIIH noTeHQilana rrpII noJ(oeMe 

ypoBHll OCHOBHOro COCTOHHIIH El K rrepBOMY 

BO36y~JleHHOMY E2 (cp.c pnc. 4). 

6) H3MeHeH11e co6CTBeHHOH cpyHKQIIII ¢, rrpn 

E - E, CBll3b co6CTBeHHblX 3HaqeHHH 11 1 2 

HOpMI1pOBOqHblX KOHCTaHT B CHMMeTpnqHOH HMe 

npI1BOJ(l1T K OJ(HOBpeMeHHOMY Il3MeHeHIIV npO113-

BOJ(HblX IIpII X = a (cp.c p~c.4). 

B) .llecjlopMaQHll IIOTeHl.(Hana IIpII E2- E3. 

BIIJl COOTBeTCTBYIOIIIHX BORHOBblX cpyHKl.(HH 

He noKa3aH, HOO HeM MO~O CYJlHTh, paccMa

TPIIBall BTopyv II TpeTbV co6CTBeHHble·cjlyHKQIIII 

Ha pI1c.6. 

r) $yHKl.(11II OCHOBHOro COCTOHHHH, OTBeqavmile 

IIOTeHl.(IlanaM, Il3o6pa~eHHblM Ha pIIC. 3B. llpII 

J(anhneifmeM c6n~eHI1I1 ypoBHeif 2 II 3 B rrep

BOH cjlyHKl.(IIII IIOllBRl!XJTCH TPII ·MaKCHMyMa ( cp. 

C pIIC,6). 

7 
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PHC.4.a-r. H3MeHeHHe cpopMb1-Ilp03paqHOH noTeHuHanhHOH HM~ npH 

c6nIDKeHHli ypoBHeH JlBYX ee CBH3aHH~X COCTOHHHH. WTpHXOB~li nHHHHMlt 

IlOKa3aH~ BORHOB~e cpyHKUHH
171

• 

OTMeTHM ewe, qTO cpopMa CHMMeTpHqHoro (OTHOCHTenhHO ueHTpa) 

noTeHuttana, KaK Ha pttc.Ja, nonHOCThD onpeJlenHeTCH ero ypoBHHMH 3Heprnn 

6e3 HOpMHpOBOqH~X KOHCTaHT .• (CM. 131 , c.40-43). fl03TOMY BMeCTe co 
I 

CJlBltfOM ypoBHH MeHHeTCH H HOpMHpOBKa '1'KaK BHJlHO lt3 pHc.36. 

AHanornqHyD KapTHHY MOlKHO O~H)laTh li npH CJlBHre BTOporo ypoBHH K 

nepBOMy. TORhKO HMKH y CTeHOK JlOR~H~ 6~Th rny6~e, a 6apbep Me~y HHMH 

Bhlllle, qTo6~ 6onhwe -OT)laRHTh napy HlilKHHX ypOBHeH OT OCTanhH~X 

HeB03MymeHH~X. 

Erne OJlHOH nnnncTpautte» yHHBepcanhHOrO CBOHCTBa pa3)lBOeHHH 

CHMMeTpHqHOH noTeHunanhHOH HMhl npH c6nIDKeHHH JlBYX ypoBHeH cny~HT pHC.5 

C cepHeH noTeHUHanOB,. nonyqalOUlHXCH H3 OCUHRRHTOpHoro npn IlO)lbeMe 

nepBoro ypo~HH KO BTOpoMy. 

EcnH c6nIDKaTh He nepB~H ypoBeHh co BTOp~, a JlBHraTh BTOpOH K . -TpeTbeMy, TO Ha nepBOHaqanhHO nnoCKOM )lHe npHMOyronhHOH HMhl IlOHBRHDTCH 

TPH yrny6neHHH: pHC.3B, cpaBHHTe co cnyqaeM c6nIDKeHHH Tpex ypoBHeH s 

npo3paqHOM IlOTeHUHane Ha pnc.6. 06paTHTe BHHMaHHe Ha TO, qTO BORHOBaH 

cpyHKUHH BTOporo ypOBHH B cpeJlHeH HMKe CTpeMHTCH K Hynn. 
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Pnc.5. a-Jl . ./lecpopMaQnH OC!.IIWRHTOpHoro 

noTeHQHana npn IlOJlbeMe ypoBHH OCHOBHoro 

COCTOHHHH El K E2 IS] (cp. C pHC. 3a) -

06paTnTe BHHMaHne Ha TO, KUK CKa]~BaeTCH 

napaMeTpOB Ha q>OpMe noTeHQHanos H cpyHKQHii 

B03MymeHHe cneKTpanbH~x 

)lnH pa3Rlt'IH~X TltilOB 

cTeHKaMn (pnc .1-3), co n0Tem.1nanos: 

CTeHKaMH, 

C sepTHKURbH~MH 

paCTYWHMH KaK 

6ecKOHe•IH~lt 

KBUJlpaT pacCTOHHHH (pnc.5), 

JlRH noTeHQHanos, nc•1e:1aDWHX Ha 6onbWltX paCCTOHHHHX (pnc.4-6). 

KaqecTBeHHO MHOro o6mero, HO CKa3~BaeTCH CHna 3annpaHHH CTeHKUMlt. 
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PHC.6.a-s. H3Mettettne ~OpMhl npolpaqHQll noTeHQHaJihHOll llMhl npu 

c6JIHJKeHHH Tpex yposttett. WTpHXOBblMH JIHHHllMH noKalaHW ypoBttH 171 • 

2.1. 3AnHPAHHE BORH B HEnPEP~BHOM cnEKTPE 

nepett/1,eM Tenepb K pacCMOTpeHHD CBll3aHHWX COCTOllHHtt, norpylKeHHWX ! 
ttenpepwsttwii cneKTp. CpaBHHM 0/1,HOKallaJJhHYIO[eJ (pHC. 7) H ABYXKattaJihHYD 

CHCTeMwf9l (PHC .8). npu nOJJ.beMe CBll33HHOro COCTOllHHll Hl 0611aCTH 

<lTpHQaTeJihHWX :rneprHtt B 0611aCTh E > 0 B 0/1,HOKaHaJihHOM CJiyqae (pHC. 7) B 

mneHQHaJie nOIIBJIIIDTCll Me/1,JieHHO JaTyxalOIIIHe (KaK sin(kr)/r) OCQHJIJillQHH, 
. · I a J 

yJJ.eplKHBalOIIIHe BOJIH<>Byv ~YHKQHD OT 11 BWTeKaHHll 11 
• 

CBll3h KaHaJIOB Il03B0JilleT ocymecTBJll!Th yAepJKaHHe ~ ! 0611acnt 

ttenpepwsttoro cneKTpa ~ ~ KopoTKOJJ.ettCTBylOlllett ( JKcnotteHQHaJihHO cnaJJ.alOlllett 

- pHc. 86, B) 
181 

MaTpHQett B33HMOJJ.ettCTBHll. 3TO OK33WBaeTCll B03MOlKHblM npu 

XOTII fiw 0/1,HOM JaKpWTOM KattaJie (3HeprHll BWllle HHJKHero El = o, HO HHJKe 

BepxHero E2 = 0 nopora OTKpwBaHHll KattaJIOB). H TOJihKO KOr/1,a JtteprH11 

C Bll'!aflHOr<) COCTOllHHll OKaJWBaeTCll swme ttaHBWcwero nopora (pHC. Sr ,A), B 

MaTpHQe BJaHM0/1,ettCTBHll nollBJllllOTCll 33TYX310llJHe (KaK sin(kr)/r) OCQHJIJillQHH. 

B npHJIOJKeHHH, PHC.14,15, noKaJaHW MaTpHQW BlaHMO,AettCTBHll va~(r), 

OTBe'!alOIIIHe CBll3aHHOMY COCTOIIHHD B KOHTHttyyMe npH TOH JKe JtteprHH, qT() H 
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'v'T C\ V VC\ r' 

/1, 

.Y<r-J 
f 6 I..!,- -- -

PHC.7.~e~OpMaQHll noTeHQHaJla IlpH 

Il0/1,beMe CBll33HHoro COCTOHHHll H3 

0611aCTH OTpHQaTeJihHWX JHeprHtt B 

0611aCTh HenpepwBHoro crreKTpa 181 • 

v.p1r1 f 'f'..-t~ ... , "'2. 
I • '-

I 
' E =0 i, ---2 

a 

I\/ 
E1=o 

Eb 

Vu 

~f 

·¼2.(.-} 

O l ' - , i r 

PHC.8. HJMeHeHHe ~aTpHQW 

B3aHMO,AelkTBHll Va~ (r) JJJ!YXKaHaJihHOll 

CHCTeMhl rrpn IlO,Al,eMe ypOBHll 

CBll3aHHoro cocTOlIHHll Eb '. Katta11oswe 

BOJIHOBWe ~YHKQHH ¢
1

H ¢
2 

IlOK333HW 

WTPHXOBblMH JIHHHHMH. 

a) ~poseHh Eb pacrro110JKeH HHJKe 

HHlKHero nopora uerrpepwBH,oro cneK

Tpa {o6wqttoe CBll33HHOe COCTOllHH.e). 
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E::o ,,.,lr,-r:~ I ,,.,11;, 
E1=0H----,f-+------"=-=--....;;=-

Y,.J' 

... J D IV 01 / ~ ~ J\ 
•e,qTo H HD pttc.r, TOJJbKO CBll3DHHOe COCTOl!Htte no,UHHTO ewe 

HJ-JD •1ero 0CUHJJJJHU1111 va/3 ycttJJl1BDKlTCII. Vu 1 , , 11 , 1 Bh1111e , 

PllC. 86) 3Heprllll CBl!3DHHOro COCTOl!Hllll Eb pacnoiw•eHa B o6nacTu · 

HenpepblBHOrO cneKTpa 'n:epBoro KDHDJID ( nepBblll KirnaJI OTKpblT' a 

cna,ualOlllDll npu 60JJbWllX r MDTPlll.\D BTOpOH 3aKpb1T ). 3KCTIOHeHI.\HDJibHO 

B3DllMOAeHCTBllll TIOJIHOCTbl() yaep•llBDeT BOJIHbl OT BblTeKDHllll ll3 o6JIDCTH 

B3DllMOAeHCTBllll. 

B) To •e, qTO u HD puc.6 , TOJibKO Eb npttTIOAHllT 6nu•e K nopory 

HenpepblBHOrO cneKTpa BTOporo KDHDJID E2= o. 

Voeplrl IJ!oe(r) 
,-..._ '1'2 

I -... V12 
r 

I ' 
Eb ~----7 - ~ E2•0 -- - -=-=- ' 'r) CBll3DHHOe COCTOl!Hlle 

~ ~rHDXOAllTCll B o6JIDCTll Bblille 

BTOporo nopora E2=0. ,Unll 

ygepmaHHll CBll3aHHOrO co-

E,=0 ~1 j -,-;\ ~- --..--c:-::,,, cTOl!Httll Tpe6yroTCll yme 
r ·•--%~~ ~~ , . OCI.\HJIJllll.\HH XBOCTOB 3Jle-

MeHTOB V11, V22, V12=V21 

MDTPlll.\bl. 

o I / '-s;;: 7----= ''---- / 

v,. 

12 

j j 
P11c.9. nonHoe HD.U6DpbepHoe OTpD~eHtte 
OT 6eCKOHeqHl,IX noTeHU11DJlbHblX CTyneHeK 
np11BO,Ul1T K CBll]DHHblM COCTOIIH11HM, pDc
nono~eHHblM n1,1we sepwttttbl 6DpbepD. JJ.n11 
6DpbepoB KOHeqHofi BblCOTbl 3TH CBH3DHHble 
COCTOIIH1111 nepeXO,UIIT B pe30HDHCHble. <llop
Ma Be pw11H1,1 6DpbepD ,un11 3Toro ttecywecT-
BeHHD. E V (r) 

C 
2 

, a/3 

Puc.10. nptt OTCYTCTBHH,CBll311 KDHDJIOB 
COCTOHH1111, OTBeqalOllltte ypOBHIIM 3DKpb1-
TOfO KaHana,HBJJlll()TCII OAHOBpeMeHHO" 
CBll3DHHblMH COCTOIIHHIIMH, norpy•eHHblMl1 
B HenpepblBHblW cneKTp OTKpblTOro KDHD- c, 
na. np11 BKJIKl'leHl1H V (r) 6 OHH CTDHO
BIITCII pe30HDHCDMH. 12 

v22<r) 

V
1 

I (r) 
r 

HU p11c. 8B, HO C l13MeHeHHOW 'HOpM11pOBO'IHOH KOHCTDHTOW ,UJJII cpyHKUH11 BTOporo 

KUHana. 3TO Jll1WHHH npttMep po1111 HOpM11pOBCl'IHblX MHO.HTenefi (CBll3H HX 

Bapttau11fi C cjJopMOW nOTeHUHUJJbHOfi MaTp11Ub1). 

YnOMHHeM 3,uecb ewe TDKtte,npoCTble np11Mep1,1 CBIIJDHHblX COCTOHHHfi B He

npepblBHOM cneKTpe: I.Pe30HUHCbl HD,U np11MoyroJJbHblM 6apbepoM nepexOAIIT B 

npegene 6eCKOHeqHoro ynen11qeHHII BblCOTbl 6DpbepD B CBll3DHHble COCTOIIHHII 

(CM. pttc.9). II.B ABYXKDHDJlbHOfi 3DAD•le C pD3HblMH noporaMtt c,, c2,nptt 

KOTOpblx OTKpblBDKJTCII OT,UeJibHble KDHDJibl,eCJil1 ycTpeMttTb K HYJIK> 

HeAHDfOHDJJbHble 3JieMeHTbl v,2(x) = v2, (x) MDTPHl.\bl B3DHMOAeHCTBHII, TO 

C Bll3DHHble COCTOIIHl111 B noTeHI.\HDJibHOll HMe v22 (x) KDHana C 6onee Bb1COK11M 
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noporoM, pacnonolKeHHble MelK,ny noporoBblMH 3Ha'!eHHl!MH 

C'l'aHOBllTCll CBll3aHHblMH COCTO!!Hlll!Mll B HenpepblBHOM 

OTKpblTOro KaHaJia (CM. pnc,10). 

JHeprnn c 1 H c
2

, 

cneKTpe nepsoro 

2.2. PE30HAHCHOE TYHHERHPOBAHHE CKB03L CHCTEMY EAPbEPOB 

npwee,neM ewe HeCKOJibKO HJIJl~CTpaunH, CBl!3aHHblX C pe30HaHCHblM 

TYHHennpoeatttteM. ( · npocToe o6nl!CHeHne y.nnsnTeJihHOro, Ha rrepBhlH B3rm1.n, 

~aKTa, '!TO CHCTeMa HeCKOJibKHX BblCOKHX 6apbepoB MOlKeT OKa3aTbCll 

npo3pa'lttoli, ,naeTCll e t
3~ c. 36). Ha pnc. lla rrpe,ncTasneHa JHepreTH'lecKall 

3aBHCHMOCTb KOJ~HUHeHTOB rrpOHHUUeMOCTH ,L{Jlll CHCTeM C pa3Hb1M 'IHCJIOM 

np!!MOyroJibHblX 6apbepoB. Bll,L{HO, KaK IIOCTerreHHO ~OpMnpy~Cll IIOJIOCbl 

pa3peweHHOro .L{BlllKeHl!ll 0.L{HOMepHOll KpHCTaJIJIH'leCKOH peweTKH. Ha pnc.116, B 

{a lKe KapTHHa IIOJIY'leHa ,L{Jlll CHCTeM 6apbepos .npyroH ~OpMbl[toJ. 

2.3. 0 PEIDEHHH ~HwwEPEHUHARLHOro YPABHEHHH B KOHEqHQ-PA3HOCTHOM 

nPHERHJKEHHH 

B pa6oTe [ll l .naeTCll r ny6oKHH Ii uarJJHAHhlli aHaJIJ.13 HaKonneHl!ll 

norpewHOCTeH npn peweHHII 06blKHOBeHHblX .L{H~epeHQHaJibHblX ypaBHeHHH. Mbl 

npHBO.L{HM 3,L{eCb rrapy HJIJI~CTpaunli: OTTy,na, KOTOpble IIOJie3HO HMeTb B BH,ny 

TeM, KTO HMeeT .neno C 'IHCJieHHblM pewettneM ypaBHeHHH rnpe,nHHrepa. 

Ha pnc .12 npe,ncTaBJieHbl rrorpewHoCTH, HaKarrnnsa~necl! rrpn peweHnn 

.L{H~epeHQHaJibHOro ypaBHeHHll B KOHe'!HO-pa3HOCTHOM rrpn6nlllKeHHH Ha 

~HKCHposaHHOM llHTepsane HHTerpnposaHHll B 3UBHCHMOCTH OT BeJIH'IHHbl wara h 

pa3HOCTHOro ,L{H~epeHUHPOBUHJ.lll. qeM MeHbWe h, TeM MeHbWe rrorpeWHOCTb 

pa3HOCTHOH annpoKCHMaUHH (wTpHXOBall JIHHllll n,neT B Ha'laJIO KOOp,nnHaT) • 

OwH6Ka lKe OKpyrneHJ.lll B03pacTaeT C yMeHhWeHHeM h, TaK KaK paCTeT 'IHCJIO 

0 

OWH6Ka 
I 

..... 
- . _ .... _____ _ 

h.,.t h 

PJ.IC.12 [111 MaKCHMaJibHal! OWJ.16Ka 

(CnJIOWHall JIHHllll ), OWJ.16Ka KOHe'!HO

pa3HOCTHOro npn6JIHlKeHHll (WTpHXOBall 

JlllHHll) n own6Ka OKpyrneHJ.lll (IIYHK

Tllp}, HaKanJIHBa~necll Ha 3a,naHHOM 

0Tpe3Ke 'IHCJieHHOro HHTerpnpoBaHHll 

.L{H~epenunaJibHOro ypaBHeHHll B 3aBH

CllMOCTH OT BeJIH'IHHbl wara h pa3HO

CTHOll arrrrpoKCHMaQHH. 
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rnaroB Ha Bb16paHHOM HHTepBaJie. CilJIOllIHal! KpHBall cyMMapHOll norpernHOCTH 

RMeeT MHHRMYM, OTBeqalOIIUiii OITTf!MaJibHOMY Bbl6opy rnara h. 

Ha pHc.13 npeACTaBJieHbl pe3yJibTaTbl pacqeToB 1111 c pa3Hb1MH 3HaqeHHllMH 

h Ha ABYX pa3HblX 3BM ( CDC CYBER c OKpy r JieHHeM B 14-M 3HaKe H 

MHKpOKOMilbDTepe C 7-D 3HaKaMH). 

1 

t<if 

10• 
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PHC.13 1111
• 4HCJieHHO Ha~ 

AeHHble 3aBHCHMOCTH ITOJI

HblX norpernHOCTeii perneHHll 

AH(jxpepeHuHaJibHOrO ypaBHe

HHll OT BeJIHqHHbl rnara h 

pa3HOCTH0ll annpOKCHMaUHH. 

MHHHMYM OllIH6KH npH OKPYP

JieHHH B 14-M 3HaKe (3Be-

3AOqKH) B6JIH3H h = 10-
8

, 

a npH OKpyrJieHHH B 7-M 
3HaKe (KPY~KH) ~ h~lo- 4

• 
~ 

10· 1 10•$ J<iJ 10.,, 

Mbl BHAf!M, qTO 

IlOBbllllaTb TOqHOCTb 

OilTf!MaJibHOfO h. 

TIPHJJOJKEHHE 

Aa~e npocTenrnHn 

pacqeTOB, TOJibKO 

MeTOA 3nJiepa AaeT 

uy~o 3a60THTbCll 

B03MO~HOCTb 

o Bbl6ope 

· TioKa~eM, KaK MeHl!eTCll MaTpHua B_3aHMOAellCTBHll V CX/3 (r) co CBl!3aHHblM 

COCTOl!HHeM B HenpepblBHOM cneKTpe npH H3MeHeHHH HOpMHpOBoquoro BeKTOpa 

(cl,c2} (3HaqeHHll npoH3BOAHblX Kl\HaJIOBblX q>yHKUHll 4'1, ,i,2 B HyJie). TipH cl= 

=l; c2 = 0, 1 BJIHllHHe 3aKpb1TOfO KaHaJia OCJia6Jil!eTCll - CM. pHC .14 

~paBHHTe C pHC.8B, rAe cl= C 21). Ha pHC.15 cl= l; c2 = 2. 
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PHC.14.MaTpHua BJaHMO

AeHCTBHll ABYXKaHaJibHOH 

CHCTeMbl co CBl!JaHHblM 

COCTOllHHeM B KOHTHHyy

Me H C npoHJ BOAHOU B 

HyJie <l>YHKUHH BToporo 

KaHaJia, yMeHbllleHHOH B 

10 pa3 no cpasHeHHD c 
pHc.as. 06parnaeT Ha 

ce6l! BHHMaHHe IlOl!BJie-

HHe OCUHJIJillUHll B vll, 
XOTll OH OCTaeTCll KO

pOTKOAeiicTBYDllIHM • 
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0 r-
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