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MaTepnan JlHCCepTaUHH aenHTCH Ha TpH qacTH, fnaBbl (1-111) 

rrepBoii qacTH o6'beJIHHeHhl MeTOJIHqeCKH, B HUX HCIIOnb3yeTCH HOBaH 

rronHaH cuc"TeMa crreuuanhHbIX cpynKUIIH - TaK H83blB8eMb!X JIBYXToqeq

HbIX, Crroco6 rronyqeHUH 9THX cpyHKUIIH H3nOJKeH B rn. I. TTpuMeHenue 

JIBYXToqeqHhIX cpyHKunii rro3Bonuno rronyquTb cneayromue cpn3uqecKue 

pe3ynbT8Tbl, 

. I. nocTpoeHa ToqHo pewaeMaH Moaenb: JIBa nepenHTUBUCTCKHX 

( HeBTopnqnoKB8HTOB8HHbIX) aneKTpO_Ha B ocunnnHTOpllbIX HMax B3a

UMOJieiiCTByIOT C aneKTpOMarHUTHbIM rroneM, rrpuqeM B3,allMOJieiicT

BUe yqllTb!BaeTCH TOnbKO B JinUHIIOBOnHOBOM rrpu6nnJKe11uu. 

2, PaccMoTpeno pacceHHUe cKanHpHoti qacTuuu 11a i:myx ue11T

pax, TTpoBeaono cpanHe11ne c rrpu6nHJKe11neM EpaK11epa, 

BTopaH qacTb auccepTauuu ( rn. IV. rrocBHIUena rronyqe11uro 

B IIOCTpoe1111oti MoJienu orrepaTOpOB poJKneHHH-yHuqTO,IWHIIH, rrpu3-

B8llllb!X OIIUCblB8Tb cpu311qecKue KBaHTbI, B oTnnque OT "ronbIX", H3-

noJKeHbl MOTUBHpOBKa, HCTOpHH Borrpoca H oco6e1111ocTn 9TOH 3aaa

qu, 06ycn0Bno1111L1e oco6e1111ocTHMH Monenn, TaM JKe rrpuBeae11 11a6op 

Tpe6oBaHnii, KOTOpblM JIOn>Kllbl ynoBneTBOpHTb cpn3nqecKne orrepllTOpbl, 

3Ta qaCTb anccepTaunn MoJKeT paccMaTpUPaTbCH KaK OJIHII U3 B03-

MO>Kllb1X IIOJIXOllOB K BOIIpocy 06 orrpenenemm' IIOHHTIIH HeCTa6nnbHOii 

qacTHUhl B Teopnn rronH, 

HaK011eu, TpeTbH qacTb nnccepTaun11 ( rn. V ) IIOCBHIUOHa 

OJIHOMy rrpuno>KOIIHIO IIOCTpoennoii MOJienn H cpll3Hq8CKUX orrepaTopoB. 

B paMKax Moaenn ToqHo pewena GaJiaqa o cKopocTn cpoTOHa, rroc

TaBnennaH eme B 1932 roay 3, cf>epMn, 

3 



B 3aJia'Iax KBaHTOBoii MexaHHKH n· KBaHTOBoti aneKTponnnaMH

KH WllpOKO ncnom,3yl0TCH cneny101Illle JIBe nonllble CHCTeMbl opT0-

11opM11poBal!HblX cpyHKUllii: 1) B CKanHpHOM cny'I8e - cpyHKUHH 

fkfm (r,0,¢)=jy(kr) Y;(O,¢).jf(kr)=Jf+½(kr)/y"I;° i B BeKTOpHOM 

TaK H83blB8eMbie aneKTpH'IeCKHe H MarHIITHble MynbTHnonn. Oco6yl0 

ponb 3TH cpyHKUIIH Hrp8IOT B 38J18'1_8X p8CCeSIHHH H/IH nany'IeHHH C 

OJIHIIM UeHTpOM. T8K, 113BeCTHO, 'ITO p8CCeHHHe CK8nHpHOti '18CTHllbl 

c HMnynbcoM -Ii k 118 onnoM noTeHUH8ne c ManbIM pannycoM 

netiCTBIIH b xopowo OITHCbIBaeTCH . QLll!.Qll s -Bonno ti; ecnH 

kb << I • ·Au8n□rH'IHO, p~cce~~He nmr H3nyqe11He MHrKHX cpoTOIIOB 

xopowo OITHCblBaeTCH lllIITOnbllblM npn6iimK911HeM, ecnH p83Mepbl pac-
' ~ , ' .. 

ce1rna10meti HnH 113ny'Ia10meti cHcTeMhI Manb1 (H aeT cneuH8nbHhtX 

3anpeTOD} • MaTeM~TII'leCKaH ITpll'IIIII~ 3TIIX srnnennti 38Knl0'18eTCH 

B TOM, 'ITO B6e cpyllKUHU yK838HllbIX Bb1we ci1cTeM o6pama~TCH B · 

uynb D TO'IKC r = ·o I KpOMe OJIIIOti cpy1iKuH11: B CKanHpllOM cnyqae 

3TO - f k ~o -~- n neKToplioM - aneKTpnqecKi1ti MynbTHnonb A Ce) 
keM ' . 

· M = 0 , £ _ l • 3TOT cpaKT llllBOJIIIT 118 MbICnb,· 'ITO B 38JI8'18X, ll811pll-

Mep, C llDYMH llCHTp8MH, :TaKoe )Ke npocToe· onn~aHHe (c ITOMOIIlblO 

ue6onbworo · q11cn8 Bomi) pacceH1111S1 ·urin 1iany'Ie1111si MO)KeT JI8Tb 
. . 

T!lKllH nonllllSI CIICTeM8 IIOpMIIpOBaHHblX' co6C:TDeHHblX cpyHKUHfi onep8-

Topa KnanpaTll HMitynbca, KOTopasi · 06n8J1aeT 8Hano~H'IHbIM cBoficTBOM 

no OTIIOWCIIIIIO K llBYM BbIJien_e1111blM TO'IKllM, rne 118XOJIHTCH uenTpbl. 

3TH cpy11KUIIII . 6yJleM ll!l3blB!l;b llBYXTO'Ie'IllblMII cpyfiKUHHMH; CpeJIH 

113D0CTHLIX CIICTCM co6cTBeHHblX cpyHKUHfi onepaTop8 KB8Jlp8T8 IIMITynb- . 

ca llBYXTO'I0'IllblX . ue· OK83(ln0Cbo : 

nocTpoellHIO llBYXTO'IE!'lllblX cpyHKUHti, _ CKanHpllblX It B0KTOpllbIX, 

nocBmue11a ~ 1JT06b! cpaay o6ecne'lltT~ Op;OIIOpMllpOBBIIIIOCTb 

11 nonlloTy UCK~MOfi CIICTeMLI llByXTO'IO'lllblX cpymc1111ti, ITOCll0llllHC 

CTpOHTCH C ITOMOIIlbio IICKOTOporo yHIIT8pHoro npeo6p830B8IIHH U 
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H3 113BeCTIIOii nonuoti CHCTeMbl opTOIIOpMHp0B8llllblX co6CTB0llllblX 

cpyHKUHii onep8TOp8 KB8JipaTa nMnynbca. B cKansipuoM cny'I8e, pac

CM8TpHBaeMoM B § 1, B K8'IeCTBe HCXOJIHOH'. CIICTeMbl 6epeTCH CIICTe

M8 cpyllKUHli: fkvm (r,O, ¢): 

FkLm ( r,0,¢) ! f (r,0,¢) ~';, 
e=o k f m • 

L = 1,2,3,... (1) 

YmITapuasi MaTpHUa u tL onpeAemieTCSI TaKllM o6pa3oM, 'IT06bl 

B llBYX TO'IKax, ( + d ) 11 (- d ) , TOnbKo 1::tBe llBYXTO'Ie'IHbie 

cpynKUltlt F k 10 ll F k2 o 6bmll OTnll'IHbl OT uynsi ( noKa3auo, 'ITO 

T8KOBO MHIIIIManbHOe 'IHcn"o cpyllKUHli: nonuoti CHCTeM~I, KOTOpb1e 

JlOn)Kllbl 6h1Tb OTnH'Illbl OT uynsi B llBYX TaKHX TO'IKax). nocTpoe1111e 

MaTpllUbl U £~ ll Bbl'IIICneHHe cpyHKUJiti F kLO I L = 1,2 ,oITHCBllbl 

B npnno)Kel!HH A. B cnyqae, Koraa ue11Tpb1 ne)KaT ua ocn Z 

T.e. ( d ) = I d, 0, 0 I n ( -d) = I d • rr , 0 I , 

FkLO(r,0,¢)= I -I ( sink !r'-J'! 
2rr Yt. k Ir- d'I 

Bepxnnli: 3H8K B (2) COOTBeTCTByeT L 

nBeaeao 060311a11e11ne: 

y V I + sin 2kd 
+ 2kd 

5 

+ sink!r'+d] -),L=1,2, (2) 
- klr➔+ifl 

I Hll)Kffllii - L = 2 

(3) 
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B § 2 paCCMOTpeHbl .QByXTO'Ie'IHhie coneHOJl.QanbHbie BeKTOpHbie 

(<J') . 
<pyHKUIUI Gk J\M ( r, 0. cf,). B cnyqae .QBYX UeHTpOB OHII nrpa10T TY )Ke 

ponb, 'ITO II lI3BeCTHbie sneKTpII'IeCKIIe II MarHHTHbie MynbTIIIIonII B 

aa.Qa'IaX C O.QHIIM ueHTpOM (HarrpIIMep, aa.Qa'III O pacceHHIIII IInII II3-

ny'IeHlllI <pOTOHa B .QIIIIOnhHOM rrpnonH)KeHHll). ITocTpoeHIIe HX B IIpIIH-'· 

uIIrre TaKoe )1{9, KaK II B cny'Iae CKanHpHbIX .QByXTO'Ie'IHbIX <pyHKUIIii:. 

!lnH ueHTpOB, ne)KalllllX Ha OCH z 'rrony'IeHa rronHaH CIIC

TeMa BeKTopHhIX coneHon.ctanhHbIX .QBYXTO'I9'IHhIX <pyHKUIIii: G < aA) (r') 
k M 

II3 KoTophIX B TO'IKax ( ,i. d) oTnll'IHhI OT Hymr TonhKo <pyHKUIIll 

G < +' 
kA+1 

II G <+) 
kAO ' 

A = 1,2 , IIpIIHllMa!O!lllle B STHX TO'IKax 

cneny-10mIIe aHa'IeHIIH: 

➔G < +l ( d➔) 1 I 2 ( l) /1.. sin 2kd + cos 2 kd 
kA 1 =- - - - -1 ----

± 2rr 3 2 kd (2 kd) 2 

=_1_ fA (kd)f -( 1/+1 ➔ C+l ➔ ,j6; 1 t ti-- GkAtt(-d); 

c<+l <i> 
kA 0 

1 

rr-{2 

fAo(k,d) { 
,j6ii" 0 

1 

1 . 
I - + (-l)A[ cos 2kd 

3 ( 2kd ) 2 

= (-l)A+t rf<+l (-d) 
, kA0 

sin 2kd ] ½-+ 

( 2kd) 3 I tti= 

(4) 

A 1, 2. 

sin 2kd 

(2kd) 3 
]l½l= 

0 

A= 1,2 • 

l µ - cqiepnqeCKIIe ( IInII unKnnqecKIIe) 6aanCHb1e opTbI. 
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Bo II l'JTaB_e paccMOTpeHo IIpOCToe rrpnno)KeHIIe IIOCTpoeHHb!X 

.QByXTO'I9'IHbIX <pyHKUIIii:. C IIOMO!llb!O rrepBbIX .QBYX CKanHpHbIX .QBYX-

TO'I9'IHbIX <pyHKUIIii: Fk 10 II F k20 paCCMOTpeHa 3a.Qa'Ia pacceHHHH 

Ha .QBYX ueHTpax B nnIIHHOBOnHOBOM IIpIIonH)K9HIIII. Pe'Ib II.QeT 0 

pacceHHIIII oeCCIIHHOBOH qaCTIIllbl C BOnHOBb!M 'IIICnoM k B none 

.QBYX O.QHHaKOBbIX c<pepH'IeC:KII-CIIMMeTpII'IHbIX IIOT9HUllano.B, pacrrono-

)K9HHb!X Ha IIpOH3BOnbHOM paccTOHHHII • R .ctpyr OT npyra. ITpII ye-

noBIIII, 'ITO R '>> b , b - pannyc .cteii:CTBIIH Ka)K.Qoro rroTeHunana, 

III 
TaKaH aa.Qa'Ia obma rrpnonII)KeHHO perneHa K.A. EpaKHepoM rry-

TeM caeneHIIH ee K aa.Qaqe rrocnenoaaTenhHoro MHoroKpaTHoro pac

ceHHIIH Ha Ka)K.QOM ueHTpe B OT.QenhHOCTII. !1ByXTO'I9'IHbI9 <pyHKUIIll 

IIO3BOnHJOT TO'IHO pelIIIITb STY 3a.Qa'Iy B cnyqae IIOTeHUIIanoB Manoro 

pa.QIIyca .Qeii:CTBIIH, kb<< 1 , II oocy.QIITb 9<p<p9KTIIBHOCTb rrpnonII)Ke-

HIIH MHOroKpaTHoro pacceHHIIH. Bb1ro.Qa IIpIIMeHeHIIH .QByXTO'I9'IHbIX 

<pyHKllllH K 8TOii: 3a.Qa'Ie IIpOIICTeKaeT II3 Toro, 'ITO pe3KO yrrpomaeT

CH aa.Qa'Ia HaXO)K.QeHIIH . COOCTB9HJ!b!X <pyHKlllIH raMllnbTOJIIIaHa, OIIIICbI

Ba10mero pacceHHIIe Ha .QBYX ueHTpax, pacrrono)KeHHbIX · B TO'IKax 

( + d ) , ( CM. pnc.) : 

H 1 
2m 

V2
+U Cjr'-tl +U (lr'+tl), 

Kor.Qa qinrypIIpy10mne B ( 6) IIOT9JIUIIanbI IIMeJOT ManbIH pa.QIIyc .Qeii:CT-

BIISI. !leii:CTBIITenbHO, COOCTBeHJ!b!MII qiyHKUIIHMll H ( 0O03Ha'IIIM 

IIX 'Iepe3 tf;k Lm ( t) ) , oy.QyT ace .QBYXTO'I9'IHbl9 <pyHKUIIH, KpoMe 

FklO (;) ll Fk2.0 (r'}, T.K. Bee OHll 06pama10TCH B Hynb TaM, rne rro

T9HUllanbI oTnII'IHbl OT Hymr. 0cTaBlIIII9CH COOCTBeHHbie <pyHKUlllI 

tf;klO(r) II,:/fk20(r)' 0 :Sk <.00 , KOTOpbie ll OIIIICbIBaJOT pacceHHHe, 

MoryT ObITh rrocTpoeHbI KaK cyrreprroaIIUllH <pyHKUHii: Fk 10 (r') II Fk2 o(i;j, 

0::: k < 00 ' T.K • .QBYXTO'I9'IHbie <pyHKUIIII 06paay10T rron11y10 CllCTeMy. 

Y cnoBIIe ycrrexa OIIIICaHIIH C IIOMOlllb!O .QByXTO'I9'IJ!bIX <pyHKUllH TaKoe 

)Ke, KaK II B cnyqae o.ctHoro ueHTpa: kb<< 1 

7 
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tr II 0 - yrnLI MelKny ocE.10 Z 11 2 J II HallpllBne-
HIIHMII na,1a;o1ueii BOIIHbI k II pacce1rnnoi1: i' 'COOTBBTCT~eHno. 
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i 

B paccMaTpIIBaeMoM cnyqae 0):tl!HaKOBb!X ccjJepIIqecKII-CIIMMeT

pIIqHbIX IIOTeHUHanoB IIOKa3aHo, qTQ rrpn r ·>> 2 d 

(7) 
1/IklO (;:') 

Aki cos f3 sin ( kr + o ) 
= 

' 1 

"Y+ kr 

1/I k20 (;) 
= Ak2sin f3 _ cos ( kr+o2 ) 

"Y kr -

rAe Y+ onpeAeneHbI c!iopMynoi1: (S), a f3 = kd cos 0 ( CM■ pile.)• 

rrocTOHHHbie Ak 1 n A k·2 orrpenemnoTCH rpaHIIqHbIMII ycnoBIIHMII II 

HOpMIIpOBKOH cjJyHKUIIH 1/Ik LO • BenIIqIIHbl 01 II O 2 Ha3bJBaeM 

AByxToqeqHbIMII cjJaaaMII ( rro ,rnanorirn c cjJaaoli S -pacceHHI!H o 
B aanaqe O/:IHOro ueHTpa) • OHII onpenenmoTCH KOHKpeTHLIM Bl!AOM 

IIOTeHuIIanoB II paBHbl Hymo, ecn11 HeT B3al!MOAei1:cTBIIH. ( YpaBHe

HIISI AnSI 01 II 02 npIIBO/:IHTCH B npnnolKel!lrn E, TaM lKe no-

nyqeHbl cjJopMynhI nnH 01 II 02 B cnyqae, Korna OHII' ManbI II 

npn b < d ) • 

C IIOMOIUblO cjJopMyn ( 7) nocne COOTBeTCTByJOIUllX Bl,JqIIcne1111li 

nnH aMrrnnTyALI pacceHHHH na nByx uenTpax nonyqeno cneny10u1ee 

Bb1palKeH1ie: 

2 ' . 10 
f( V, 0) - I sin o c I 

k I 

-2 r:i • " ;o z ..:i • • r:i l y l'osacns 1J +srnu c y srna srn 1, , 
+ 2 -

rne a = (1J) '= kd eos9'. 

ct>opMyna ( 8) Bb1palKaeT aMnm1Tyny pacceHHHH na ABYX uenTpax 

Bcero qepea nBe rpaab1 ° 1 11 ° 2 11 MOlKeT 6b1Tb npennolKeHa nnH 

cjJaaoBoro anannaa. OmrnKo nanee noKaaano, qTo ecnH o (c!iaaa 

S -pacceHHHH Ha ·onnoM ueHTpe) Mana, To aMnnHTyna f( if-, 0) 

B OCIIOBHOM HBnHeTCH npoCTOH cynepn03llllll8H aMIInllTYil O/:IHOKpaT

Horo I! UByKpaTHoro pacceHHIIH Ha KalKAOM ueHTpe B OTnenbHOCTII 

n onpenenHeTCH onnoi1: cjJaaoli o • B 3TOM cnyqae, KaK IlOKa3bIBaeT 

9 
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cpaBHeHne (8) c aHanornqHofi ¢opMynofi npn6n~EeHHH MHoroKpaT-
/1/ K . E .' 

Horo pacceHHllH , BbipaEeHne .A. paKHepa JlnH aMnnHTYJlbI pac-

ceHHllH C0Bila}laeT C TOqHoii ¢opMynofi •. 

<I>opMyna (8) Il03BOnHeT·o6cy}lllTb KaqeCTBeHHb!e oco6eHHOCTll 

yrnoBoro pacnpeneneHllH. ITonyqeHo ycnoBne, •HBnmomeecH HeK0Topb1M 

o6o6meHneM ll3BeCTHoro ycn0BllH MaKCllMYM0B npll pacceSIHllll Ha 

nnHefiHofi uenoqKe paccenBaromnx ueHTpoB, nonyqaromeecH nyTeM 

npocToro no}lcqeTa paaHocTn onTllqecKnx nyTefi. ITonyqeHHoe ycno

rine yqllTb!BaeT 6paKHepoBCKYIO nonpaBKy K 0JlH0KpaTH0My pacceSIHll!O. 

Ta~llM o6pa~oM, ocHoBHofi peaynbTaT npeJlnOEeHHoro pac'

cMoTpeHnH 3aJl·~~m pacceSIHllH ·Ha JlBYX ueHTpax SIBnHeTCH MeT0Jlllqe

. CKllM ri aaKn~qae.TCH B TOM, qTo .Il03B0nHeT B cnyqae Il0TeHUIIBn0B 

c ManbIM · pa}lny~oM JleficTBllH ll • c ·Manon· ¢aaofi ·onHoKpaTHoro pac.:.. 

ceHHl!H nonTBepJlllTb cnpaBeJlnnBoCTb npll6nnEeHl!H MHoroKpaTHoro 

pacceHHllH. B §5 ci6cyEJlaeTCH B03M0*H0CTh ¢nanqecKl!X npnnoEe"'." 

Hl!ll nonyqeHHb!X ¢opMyn. 

III . rnaBa Il0CBSill!eHa JlBYM pelllaeMbl!,( M0}lenHM KBaHT0B0ll 

· aneKTPOJlllHaMllKll c Hec-ra6nnbHhIMll KBaHTaMn. CHaqana onHcb1BaeicH 
/3/ . . 

M0}lenb , BaH-KaMneHa I K0TopaH paccMaTpllBaeT. aneKTpoH, Hax_o-

JlHll!HllCH B 0Cl!HnnHT0pHofi HMe ll Jlllil0nbH0 B3al!M0JlefiCTBYJOll!llll C 

KBaHT0BaHHblM aneKTpoMarHHTHblM noneM: 

H = _l_ 
2m 

H 
ph 

I 

8 77 

0 

·2 
➔ 2 m K 

[ p> - eA] + _0_1_ ;2 + H 
2 ph 

(9) 

➔ 2 ➔, · · ➔ ➔ 2- ➔ 
J [ E (x) + (rot A (x)), ] dx . (10) 

.. 
10 

B KBanpaTHofi cKo6Ke B ( 9) A ➔ 

6epeTCH B T0qKe r = 0 
➔ 

T.e. B ueHTpe noTeHunana, a He B ToqKe Haxo*JleHllH aneKTpoHa r. 

B aT0M H 38KnroqaeTCH Jlllll0nbHoe npn6nnEeHIIe. KaK O0blqHo, ti =I, 

C = I ; nc11onbayeTCH KynoHoBcKaH Kann6poBKa: div X = 0 • Mo-

Jlenb BaH-KaM11eHa nanaraeTCH Ha ocHoBe ncnonbaoBaHl!H paanoEeHIIH 

aneKTp0MarHIITHoro nonH 110 aneKTpIIqeCKllM ll MarHllTHbIM MynbTll

nonHM B oTnl!qlle OT ll3n0EeHIIH BaH-KaMneHa, KOT0pblll ucnonb30-

Ban paanoEeHne no CKanSipHbIM ¢yHKUllHM sin kx / x ll1 qTO0bl 
➔ 

o6ecneqnTb HaJlneEauryro nonepeqHoCTb A , 6pan "nonepeqHyro 

qaCTb" aToro paanoEeHllH. IToaTOMY C00TBeTCTBY!OlllIIe onepaTopHbie 

Koa¢¢uuneHTb! paanoEeHllH y BaH-KaMlleHa 0illlCbIBa!OT ll $llKTllBHble 

11poJlonbHb1e ¢oTOHhI. 11MeH _uenbro B JlBnbHefi1IIeM 11onyqeHne ¢nanqe

CKllX 011epaTopoB po*}leHllH-yHllqToEeHllH ¢oTOHOB, Heo6XO}ll!MO c 

caMoro Haqana HMeTb }leno T0nbK0 C 11011epeqHbIMll ¢oTOH8Mll ll npII

MeHSITb paanoEeHl!e 110 aneKTpnqecKllM II MarHllTHbIM MynbTl!II0mIM. 

· KpoMe Toro, npoBeneHH0e B § 6 nanoEeHne Monenn BaH- KaMlleHa 

Heo6xoJll!MO JlnH ee nocnenyromero o6o6meHllH B § 7. 

ITocne paanoEeHIIII A ( ;) 110 aneKTpnqeCKl!M H MarHl!THbIM 

MynbTIIII0nl!M o6HapyEllBaeTCH, qTo BO B381!MO}leficTBl!II yqacTByeT 

T0nbK0 Jlllll0nbH8H qacTb onepaTopa A c:) • l.JaCTb raMIInbT0Hlla

Ha, Co}lepEama11 011epaTopb! p0E}leHllH-yHllqT0EeHllll ¢oTOHOB Bb!ClllllX 

MynbTllll0nefi, HBnSieTCII CBO0OJlHOll ll M0EeT 0b!Tb 0T}lenena. OcTaB

lllllllCH raMIInbT0HHaH conepEHT T0nbK0 011epaTopb! Allll0nMibIX $oTOHOB 

II 11pencTaBn11eTCII B Bll}le Tpex K0MMyT11py!011!llX raMllnbT0Hll8HoB: 

II = Hx + HY+ II z , Ka*}lbifi na K0TopbIX M0EeT ob!Tb npnBenen K 

Jll!aro»anbH0My Bnny, nocne qero Bee aanaqn Monenn M0EH0 pellll!Tb 

Toqao • 

C MaTeMaT11qecKoil T0qKI! apeHllH M0}lenb Ban-KaMHeHa C0CT0-

llT ll3 KOHTllHyanbHOll C0B0KynH0CTll 0Cl!l!nnHT0p0B aneKTp0MarHllTH0-
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ro rromr, Baa11Moneii:cTByrournx c onHnM ocum1m1TopoM ( aneKTpoH B 

ocunnmITopHoii: srMe). CocToSIHIISI aneKTpOHHoro . ocunnnsrTopa MO)KHO 
.. /4/ 

Olll!Cb!B8Tb C llOMOmbJO orrepaTopoB ai , al I aHanoI'll"IHbIX 

orrepaTopaM po~eHI!SI-yHll"ITO)KeHI!SI .qJOTOHOB at , a k • Harrp11Mep, 

orrepaTop a+ rrepeBonnT ocHOBHoe cocTosrHne aneKTPOHHoro ocunn-1 .. 

nsrTopa B B035y~eHHoe. OrrepaTOpbl a+ ' a H83bIBaeM !pOHOHHbIMII 
. 1 1 

orrepaTopaMn. 

3aTeM nanaraeTCSI onnH 113 OCHOBHblX ITyHKTOB n11ccepTau1111 -

o.5o5meHne Monenn BaH-KaMrreHa Ha cny11aii: nByx ocu11nn11pyrom11x. 

aneKTpoHoB. TTpennaraeMasr Monenb paccMaTpnBaeT nBa Hepem1T11-

BIICTCK11x aneKTpOHa, Haxonsrmnxcsr B ocmmnsrTOpHblX SIMax, KOTOpb!e 

pacrrono)KeHbI Ha paccTosrH1111 R npyr OT npyra; aneK'l'pOHhI nn-

rronbHO B3al!Moneii:CTBylOT C KBaHTOBaHHblM aneKTpOMarHIITHblM no-

neM: 

II 
I ➔ ➔ ➔ 2 I ➔ 
-(p -cA(+d)) +-(p 
2m 1 2m · 2 

➔ ➔ 2· I ➔ ➔ 2 I 2 ➔ "i\2 
-cA(-d)) '+-mK 2(R-d) +-mdR+<l1 + 

2 I · I 2 2. 2 

(11) 

+ llph + 
c2 

IR, - R2 I 

B ( 1 l) llpl!HSITbl TaKne ennHIIUbl, '!TO ·-11 = 1 11 c = I n BbI5paHa 

KynoHoBcKasr Kann5poBKa; ( + d ) n (-d ) . - ueHTpb1 ocunnnsrTopHbIX 

noTeHunanoB, 2d = R • B Monenn npnHsrTo nnnHHOBonHoBoe np116n11}!{e-
➔ 

HIie: A 5epeTCSI He B TO'!Kax HaXO)KJleHI!SI aneKTpOHOB, a B TO'IKBX 

(+ d) 11 ( -d) . YrrpomeHne, BHOCI!Moe nnnHHoBonHoBbIM rrp116m1-

)KeHI1eM, peannayeTcsr rrpn paanomeHHII onepaTopoB X II E rro 
;t(a) ➔ 

BeKTopHblM coneHOll/lanbHblM /lByXTO'le'!HbIM qiyHKUIISIM lj kAM ( r ) 

KOTOpb!e ll03BOnSIIOT Olll!CSTb B3811MO/:leii:cTBHe. ocunnnsrTopHblX aneKT

pOHOB C KBaHTOBalIHb!M aneKTpOMaI'HIITHblM rroneM B nnnHHOBOnH0BOM 
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rrp116n11)KeH11n. 3To rrp116m1)KeH11e rronpo5Ho o5cy)KnaeTcsr B § 7 n11c

·c.epTaun11. CnenyeT 0)1(11/laTb, 'ITO OTnll'll!e OT KBaHTOBOii: aneKTpo

/ll!HaMIIKII 5yneT He5onbllll!M nnsr a¢¢eKTOB C qJOTOHBMII ManbIX 9Hep-

rnii: k , ecnn B qneHbI BaanMoneii:cTBHSI e;1 A (d) n ;PJ A(-d) 
BBeneHa qiyHKunsr g ( k ) , o5peaaromasr 5onhrnne k B cooTBeT-

CTByromeM np116nl!)KeHI1II Bbllll!Cb!BaeTCSI II KynoHOBCKOe B3811MOneii:cT-

mie. faMHnhTOHHaH Monemr H rrpencTaBnsreTcsr B Bnne · cyMMhI 

Tpex KOMMyTHpyromnx npyr C npyroM raMHnbTOHHaHOB: ff = h + . X 

+ h y + hz. ' Ka~blii: H3 KOTOpbIX MO)KeT 5bITb rrpnBenea K nnaro

HanhHOMy BHny, rrocne qero Bee aana.qn Monenn MoryT 5btTb To'I

Ho pellleHblo nnsr Olll!CaHI!.II COCTOSIHHii: aneKTpOHHblX OCUHnnSITOpOB 

MoryT 5b!Tb BBeneHbl qJOIIOHHb!e onepaTOpbl 
/4/ 

Boro) n a+ , a (nnsr BTOporo ) • 
2 2 

a+ 
I a 1 (Jinsr nep-

B rnaBe III o5cy)KnaeTCSI llOCTaHOBKa o5bI'IHOii: 38J:18'1H Kornu 

'Ha npnMepe Monenn Ba11-KaMne1Ia. B MoMeHT t = O cncTeMa 11a-

xonnnacb B HeKOTOpOM COCTOSIHllll tfr I • OHa MO)KeT OllllCb!BaTbCSI 

BeKTOpOM Bi n0 ( no -"ronb1ii:" BaKyyM). 3To 03Ha'!aeT, 'ITO. 

aneKTpOHHblll ocunnnSITOp HaxonnTCSI B B035y)KneHHOM COCTOSIHIIH' 

(5yneM rOBOpl!Tb, 'ITO. B CHCTeMe eCTb onnn !pOHOH); HnH BeKTopoM 

a+ n ( T.e. HMeeTCSI 0/ll!H !pOTOH) H T.rr. KaKoBa Torna aMnnnTyna 
k O , 

BepoSITHOCTH o5napy)Kl!Tb CHCTeMy B. MOMeHT 1 > 0 B TOM Hnll 

.npyroM COCTOSIHHll tfr I ? TTpn o5cy)Knemrn aToii: aanaqn BhmBnnncb 

TpynnocTir, rrosrBnsrromnecsr rrpn ncrronbaoBaHHH qiopMannaMa "ronhrx" 

COCTOSIHllii: B TeOpllll co B3all.MOLteii:CTBlleM, TTpe)Kne · Bcero, nnsr 

TO'IHoro pernennsr aanaqn Kornn, Korna JiaqanbHoe n KOHeqnoe coc-

TOSIHHSI 1/fl ll 1/f f Olll!Cb!Ba!OTCSI co5CTBeHHblMll BeKTOpaMH CBo5on-

Horo raMHnbTOHHaHa ( TaK Ha3b!BaeMbie "roilbie" COCTOSIHHSI), nc

rronbayeTCSI paano)KeHne nocnenHnx .rro co6cTBeHHhIM BeKTopaM rron

.Horo raMHnhTOHHaHa. OnHaKo, KaK nponnnrocTpnpoaaHo na npnMepe 
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Monenn BaH-KaMrreHa, TaKoro paanomeHnH nHorna He cymecTByeT: 

co6cTBeHHbie <jlyHKunn CBo6onaoro raMnnbTOHnaHa 0pToroHanhHbl 

co6cTneHHbIM <JiyHKUnHM rronHoro, ecnn o6peaaHne oTcyTcTByeT nnn 

aenocTa T0'IH0 a<jl<jleKTHBHo. 

ilpyraH TpyAHOCTb He aanncnT OT Hann'lnH nnn OTCyTCTBHH 

o6peaaHnH n COCT0nT B cnenyromeM. C 0AHOH CT0POHbI, HeT <Pnan

qeCKHX 0CHoBaHnl1: nn.sr no.srnneHHH B paCCMaTpnnaeMOH cncTeMe 

KBaHTOB rrpn t 1> 0 , ecnn rrpn t = 0 cncTeMa aaxoi:mnacb B coc-

TOHHnn 0 0 • OnHaKo n no Teopnn B03Mymeanl1: n npn T0'IH0M pe-

rneHnH rronyqaeTCH B 8T0M cnyqae, 'ITO B n106ol1: MOMeHT t •> 0 

eCTb 0TnH'IHaH OT Hyn.sr nepo.HTH0CTb. HaHTH n106oe 'IHCno "ronbIX" 

KB8HTOB. BrronHe ecTeCTBeHHO ITOTpe6oBaTb, 'IT06b! rrono6Hb!X HBne

HHH B Teopnn He 6b1J10. Omrn na cnoco6oB nx ycTpanenn.sr aaKmoqaeT

c.sr B TOM, 'IT'.>6bi <JioTOHbl0 H8XOAHmHeCH BO B3aHMOAel1:CTBnH C <jJOHO

HaMH, pomnanncb H yHn'ITomanncb C IT0MOTUblO orrepaTopon, BaKyyM 

KOTOpb!X COBrranaeT co CT'i6nnhHb!M BaKyyMoM n ( <jln3nqecKnl1: na

KyyM). TaKne orrepaTopb1, orrepaTopb! po~eHH11-ynn'ITomeam1 <Jinan-
. /5/ 

qecKnx nnn "oneTbIX" qacTnu , nnon.srTCH n rnaBe IV • ITepBoe 

nx CBOHCTBO aaKnlO'laeTCH B TOM, 'ITO B <jlnan'leCKOM BaKyyMe orrncbI

BaeMbie nMn qacTnUbl nonmHbl OTCyTCTBOBaTb BO Bee M0MeHTbl BpeMeHn 

(KaK nanecTno, BaKyyM "ronh1x" qacTnu o6bI'IHO He coBrranaeT c 

<jlnanqecKnM). B cneny~mnx Tpe6onaHn.srx, rrpeA'hHBn.sreMb!X K <jlnanqe

cKnM orrepaTopaM, Y'IHT,bIBaeTc.sr crreun<jlnKa paccMaTpnnaeMbIX Monenel1:, 

orrncb1Ba10mnx HecTa6nnbHbie KBaHTbI. TaK, nenb3H cnenonaTb fpnH-
/5/ . 

6epry n lliBe6epy , nx orrpenenennro orrepaTopoB "oneTbIX" KBaHT0B, 

rroTpe6oBaB cra6nnhHOCTn 0AHO'laCTII'IHb!X C0CTOHHnl1:. Ecnn rroTpe6o

BaTb CTa6nnbHOCTb OAH0'l8CTII'IHOro C0CTOHHHH, TO ( ecnn 6bi 8TO 6bmO 

B03MOmHo) B Monenn Bau-KaMITeHa, HarrpnMep,. <jln3II'lecKnl1: q>OTOH 

He paccenBanCH 6bi Ha OCHOBHOM C0CT0HHnn sneKTp0HHoro ocunnn.sr-

Topa, a 0AHOKpaTH0 B036y~eHHbIH sneKTpOHHbIH ocunnn.sr-

14 
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Top He MOr 6bl BbICBeTnThCH B OCHOBH0e C0CTOHHIIe. Boo6me B nnTe

plType IlOKa neT na6opa nanbHel1:rnnx .Tpe6oBaHIIH nnn YHIIBepcanbH0H 
· . . /5 6/ 
peuenTypb! Haxo~eHnH onepaT0pOB <PnaH'leCKnx 'laCTIIU . t • iln.sr, 

o6cy~aeMhIX Monenel1: c 0AHHM nnn ABYMH aneKTpoHaMn ynanoch 

Hal1:Tn onepaTopb1, rron'lnH.srromnec.sr cnenyromnM Tpe6onaan.srM. 

1. <l>nanqecKne orrepaTopb! po~eHHH ""+ a H yHn'IT0meHHH 

a nonmHbl HMeTb KaHOHH'leCKHe KOMMyTaunn, 'IT06bI cymecTBOBan 

onepaTop 'IHcna tJ:aCTnu, Heo6xOAIIMb!H AITH BCHK0H KoprrycKyn.srpHOH 

naTepnpeTaunn. 

2. BaKyyMHb!H BeKTOp {l sTnx onepaTopon ( T.e. TaKofi 

BeKTOp {l , 'ITO ii n .. o nn.sr Bcex v ) nonmeH c~BrranaTb c <jln-v . 
3n'leCKIIM BaKyyMoM, onpenen.sreMb!M ·KaK co6cTBeHHblH BeKTOp rron-

Horo raMIInbT0HnaHa C HaIIHnarnel1: 8Heprnel1:. 
=+ 

3. Cpenn <jlnan'lecKnx onepaTopon a B cnyqae Monenn 

BaEi:-KaMneHa nonmeH 6b1Th onnH TaKol1: onepaTop 
=+ 
a 1 ,. 'ITO BeK-

Topi i (l H0pMnpyeM; MOmHo C'IIITaTb Torna, 'ITO 9T0T BeKT0p OITHCbl

BaeT B036ymneHHOe COCT0HHIIe aneKTp0HHoro ocunnnHTopa. Ha 8T0M 

OCHOBaHHH orrepaTop =+ 
al MomHo 6yneT C'IHTaTb <jloHOHHbIM B 

oTnntJ:ne oT onepaTopoB, ayMepyromnxc.sr HerrpepbIBHb!M naneKcoM, ¢0-

T0HHbIX. ilpyrHMH cnoBaMn, cneKTP HHneKCOB, HyMepyromnx 
= a 

nonmeH 6b!Tb T8K0H me, KaK y "rOITb!X" orrepaTopoB._ CooTBeTCTBeH

Ho, a cnyqae Monenn c nayM.sr ocunnnnpyromnMn ·sneKTpoHaMn <jJnan-
, . t -~ ~ 

qecKnx ¢oHOHHhlX onepaTopos nonmao 6b1Tbl, nsa: a 1 n'~ 82:.,. • 

4. 3THMH Tpe60B8HHHMH if nonnocTbro He onpenen.srroTc.sr. 

BMeCTO Toro, 'IT06b! no6aBnHTb npyrne qJH3H'leCKIIe Tpe6oBaHIIH 
/7/ . 

( cM. pa6o_Ty · ) , n oTpe6yeM, 'IT06b1 <jJnantJ:ecKne onepaTopb1 B paM-

Kax nepeqncneHHb!X Bblllie CB0HCTB MHHnManhH0 OTnH'IB.nlICb OT C00T

BeTCTByromnx "'ro11b1x" oneparopos. iln.sr aToro MaTpnua npeo6paao

naan.sr oT "ronbIX" onepaTopoB K <jlnanqecKHM nonmHa MnHnManbHO 
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OTnll'laThCH OT eAHHil'IH0H MaTpl!Ubl, ne H3Menmoruelf COBCeM "ro

nb1e" orrepaT0pbl. KoHKpeTHblli MaTeMaTU'leCKlIH CMb!Cn TepMnHa 

,, MHHI!ManhH0e OTnll'IHe' n3naraeTCSI B KO Hue § 9. 

B § 9 AlICCepTaunn rroi::ipo6no 0ill!CbIBaIOTCSI KaHOHH'leCKHe 

rrpeo5pa3oBamm, C IlOMO!llh!O K0T0pb!X BB0ASITCSI qJll3ll'leCKlle orrepa

T0pbl, yAoBneTB0pSIIOIUlle rrepe'IHCneHHblM Bb!llle CBOJi:CTBaM, na rrpn

Mepe MoAenn c ABYMH ocunnnnpyIOIIIHMH sneKTpoHaMn. ITocne rrony

-qe1111SI cpll3l!'leCKlIX orrepaTopoB raMHnhT0Hlla!I M0Aenn MO)KHO 3amrcaTh 

C nx !I0M0lUhIO. On HMeeT cnenyIOiUlIH BUA: 

II hx + h Y + h z 
(12) 

h 
X 

h Ox + h; 
(13) 

,. "' ___:.::i._ < ;:+ ;: = a+ ) 
V 

<a+ "' +a :+ ' + + a +~ a 
Ox 

2 
Ix tx Ix Ix 2 

2x 2x 2x 2x 

(l;J ') 

+ _I_ T cl l'V 

2 
~ [ ,y+ ( V) if (v) + lf (v) «+ (1, )1, 

2 0 h=I hx hx hx bx 

h, 
X 

"" 2 
E ( ; .+ ; 2 + ; I ; +2 ) + r cl V ~ I E :' (I') [ ,;!+ ;h (1,)-1 a=I ,;l+ ( V) 1 + 

X X X X -b h= I X X X )X 

+ E~ (v) a:x "' a bx 
( V) 

( I:J ") 

= 
+ 8 2x a:x ( V) ] I 
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v 1 • II v2 - rrepeaopMnpoBaHHbJe ocunnnHT0PHbie -qacT0Tbl sneK-

Tp0H0B. PaccMaTpl!BaeTCSI cny-qaJ1 0AHHaK0BbIX ocunnnSIT0pHbIX. rroTeH

unanoB AnSI sneKTpoHoB: K
1 

= K
2 

= K • TorAa n rrepeHopMnpoBaHHh1e 

ocunnnSIT0pHbie -qaCT0Tbl sneKTp0H0B 6yAYT 0AllHaK0BbI: vi = v2 =WO. 

"'b b b b "'b b 
nanee, E =(w 1 -w 2 )/2,E

1 
=(E

1
-E 2)/$nE 2=(E

1 
+E2)/{2, (14) 

rAe 

b 2w 
E

1 
(v) ~e../~ 

m 

vy-;, g (v) 

V + Wi 

fil(v, : )alb , i = l,2; (15) 

R 
q:iyHKUllll f ii ( v , T-) CM. B ( 4), WI ll w 2 - H0pManbHble 

ocunnmITopHbie 'laCTOTbl sneKTpoH0B. 

faMnnhTOHHaHbl hy. n hz HMeIOT aHanorn'lllblH BUA. B 

rrpnno)Kennn r nalfAeHo neKoTopoe opToronanhHoe rrpeo6pa3oBaHne, 

rrpHB0J:ISIIUee (13) K "nnaroHanhHOMy" BllJly. 

B rrpenno)KeHnolf M0Aenn C-ABYMH ocunnnnpyIOrunMn sneKTpoHa

Mll M0)KHO paccMaTpnBaTb TpannunoHHbie 3at1a'lll Tnrra pacceSIHllll cpo

ToHa Ha JlBYX -qacTnuax. 3To rrpeACTaBnHn0 6b1. llHTepec Anll ycTa

HoBneHllll rrpnMeHIIM0CTll cymecTByIOI!IllX rrpn6nn)KeHHblX crroco6on 
/8/ 

paccMoTpennH pacceHHllSI na nnyx ue11Tpax • Oco6bIH HHTepec 

rrpeACTannHIOT cyruecTnenno necTaunonapHble npouecch1, rrpoTeKaIOmne 

B K0He'IH0M HHTepBane BpeMeH. BBene11nb1e B IV rnane q:in3n-qecKne 

orrepaT0pbl 1103B0nHIOT npenn0)KllTb HOBI,iii ll0AX0Jl K TaKoro p0Aa 

3aJla'laM. B 'laCTH0CTll, B03M0)KH0 paccM0TpeTb T0'IHb111 3aK0H pacrrana 

AByKpaTH0 Bblp0)KAeHllblX COCTOHHllH ll cpaBHIITb C ll3BeCTllblM 11pil-

6nn)KeHlleM BalfcKompa-Bnrnepa ( T0nhKo B 3T0M rrpn6nn)KeHnn pewe-
o /9/ 

Ha <::ooTBeTCTBYIOI!IaSI 3ana-qa K -pacnana ) • B V rnane pac-

cMaTpnnaeTCSI npyroe npnno)Kenne Monenn - 3aAa'la <l>epMn o 
/IOI 

CK0pOCTll qJOTOHa • B Hett paccMaTpllBaIOTCSI ABa aToMa 1 n 2, 

pa3neneHHble paccT0SIHlleM R . B MOMeHT npeMeHn t = 0 aT0M 
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BoaoymneH, aToM 2 HBX0AHTCH B 0CH0BH0M C0CT0HHHH. HccnenyeT

CH Bep0HTH0CTb w ( t ) B03oyJK,'.leHHH aToMa 2 K M0MeHTY BpeMeim 

- /11/ 
t ·> 0 ( cM. B_ KHnre B. fanTnepa K0Heu § 20). B cornacnn c 

p"enHTHBHCTCKOH npH'IIIHH0CTblO, npH npuonumeHHbIX Bbl'IHCneHHHX, B 

paMKax nepBoro 1iencqeaaromero npnonumemrn Teopnn B03MyureHHii 

3. cf>epMH nony'IHn, 'ITO w ( t) = 0 B IIHTepBa,1e BpeMeHH O < t < R / C • 

Toqaoe BhI'IIICneHne B paMKaX Toro me npHonnmeHHH, KaK noKaaan 
/ 12/ . 

M~H. lliHpOKOB • He naeT CTpororo aynsi AnH w ( t ) B STOM 
- /13/ /12/ 

HHTepBane ( CM. TBKme CTaTblO - E. cf>eppeTTH ) • B paooTe , 

KaK H BO ncex OCTanhHbIX, Hcnonb30Banacb TeopHH B03MYIU9HHii C 

oobI'IHbIM cpopMamraMoM "ronh1x" cocTo"ml'uii ( coocTBeHHhie BeKTOpbI 

cBoooi:moro raMHnhTCiHHaHa). B ee cnenyromnx npnonnmeHnsix nosiB

miroTCH "rpaHH'IHbie" paCXOAHMOCTH, KOTOpb!e He ycTpaHHIOTCH 

OObl'IHbIMH nepeHopMHpOBKaMH. TTosToMy MOmHo nonBeprHYTb KpHTHKe 

OObl'IHOe pacCMOTpeHHe aanaqn cf>epMII C noMOIUhlO onepaTopa SBonro

mm B KapTHHe B3aHMoneiicTBIIH u ( t' 0) • KOTOpblll cpaKTH'!eCKH He 

cymecTByeT. KpoMe Toro, ecnn onHCb!B8Tb HB'IanbHOe II KOHe'!Hoe 

COCTOHHHH aana'IH C noMOII!hlO "ronhIX" COCT0HHHii, To· oKaabiBaeTCH, 

'ITO Bep0HTHOCTb w ( t ) OOHapymHTh BTopoii aTOM B03oymneHHblM 

npn t'> 0 oTnH'IHa ·oT Hymr, name ecnn npH t = 0 nepBbiii ·He ohm 

B • . ,... xi 
B03oymneH. HaCTOHIUeH rnaBe aanaqa ..... epMH pelIIaeTCH TO'IHO 

B paMKaX npennomeHHOll B §7 Monenn. HaqanhHOe H KOH9'IHOe coc

TOHHHH onHCb!BBIOTCH C noMOIUblO cpH3H'I9CKHX onepaTopoB, KOTOpb!e 

ooecne'!HBBIOT OObI'IHYIO npH'IHHHOCneACTBeHHyro CBH3h: 

BTOpoii sneKTpOHHblli ocunnnHTOp MOmeT Ob!Tb HaiineH B B036ymnea

HOM COCTOHHHH, TOnhKO ecnH npn t = 0 nepBblll ohm B03oymneH H 

K TOMY me K MOMeHTy t •> 0 noTepsm CBoe BoaoymneHHe~ 

B § 11 uanaraeTCH 'IHCneHHb!H pacqeT TO'IHOro peme.iursr 38A8'IH 

cf>epMH npH OAHOM KOHKpeTHOM 3Ha'IeHHH R • TTony'!eHHbiii peayi:ih-

TaT cpaBHIIBaeTCH c peaynhTaTOM nepBo~o Hencqeaaromero npHonn

x/ 
HeooXOAHMbie oroBOpKII no ITOBOAY TO'IHOCTH nony'IeHHOro 

perneHHH CM. B §12. 
18 

,I 

meHHH TeopHH H03MyIUeHHii ( § 12). OKa3bIBaeTcH, 'ITO, ·Bo-nepBbIX, 

aaTyxaHne, conepmameecsi B TO'IHOM perneHnn, He· HMeeT HHKaKoro 

aHa'!eHHH nm1 oocymnaeMoro s<P<fieKTa l noBene:msr w ( t) npH t<R/c ); 

BO-BTOpbIX, npocTaH cpopMyna TeopHH B03MyIUeHHii AOCTaTO'IHO xopo-

rno nepenaeT noBeneHne w ( t ) npn O < t < Ric , nosToMy nanee 

ncnonhayeTCH HMeHH0 STa ¢opMyna. TTpn AOCTBTO'IHO oonblIIHX anaqe-

HHHX R , R •>> A ( A = I/ w 
O 

- nnHHa BOnHhI Hanyqef!HH, ncnymen-

noro nepBb!M sneKTpOHOM). T.e. B cnyqae, Korna aTOMbl-OCUHnnHTOpbl 

AOCTaTO'IHO naneKH npyr OT npyra, H npu TBKHX , OOH3KHX K 

R , Korna l.« I R- t :1 / A « R / A • a TaKme npH ycnOBHII 

( :1 R - t :1 / A >3 .« ( R /A) 2 , oKaaanocb B03MomHbIM nony'IHTh cnenyrouree 

npocToe npHonnmeHHOe Bb!pameaue AnH aMnnHTYAbl BepOHTHOCTH: 

2 e2 1 

rrmR Ka (t-R) 3 
t<R I« I R-tl /A « H/A; 

Cl R - l I / .\ 3 « (H/ ,\ ) 2 

A (t) 
T.B. 

( 16) 

_e_2_ µ2 I (R-t)K 
e K ( t- R),. t •> R , H/ b> I, 

2mR µ2 + K2 

rne µ - napaMeTp oopeaaHHH. 

TaKHM o5paaoM nonyqaeTcsi, 'ITO w ( t) I- 0 npu O < t < H/c • 

3aMeTuM, 'ITO caM no ceoe peaynhTaT qucneHHoro C'!eTa nnsi onno..: 

ro KOHKpeTHOro 3Ha'!eHHH R . , npoBeAeHHoro B §11, eure HH o 

'IeM He roBopnT, T.K, B Monemr 61,mu cnenaHbI ABa npnonnmenusi: 
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Bo-nepBbIX, B paano)KeHJm KynoHOBCKoro B38IlMOAellCTBJHI no CTene

HSIM l / R He Y'IllTb!BanllCb 'IneHbl "' R-
4 

Il eme MeHbllllle n, B0-

BTOpbIX, npn BBeAeHilll cjmiJJI'IeCKilX orrepaTopoB B KaqeCTBe Bbipa

)KeHilll nn.11 E~ (v) n E ~ (v) 6pannci, nx HyneBbie npn6nJI)KeHn.11 

( 15). H8IlHil3llllle no e 2 • ()T6pollleHIIbie qneHbl TO)Ke AaIOT BKnan 

B aMnnllTYAY nepeAa'Ill Boa6yJKlleHilSI A ( t ) • noaToMy HY)KHO eme 

y6e,QllTbCSI, 'ITO Bbl'IllCneHHaSI aMITnllTy/la MHoro 6onbllle B03MO)KHblX 

rronpaBOK K Hell 38 C'IeT Bbi6pollleHHbIX 'IneHOBo BKna}l OT nonpaBOK 

6bJn OUeJieH ABYMH CIT0C06aMil: B § 12 C ITOMOlllblO llpllBe/leHHOH Bbillle 

qiopMynbI ( 16), a T8K)Ke c· noMOlllhlO nccne/lOBa!!II.H 3aBilCilMOCTil 

2 
TO'Il!Oro pellle!IllH OT e Il R B §13. H TeM n 1JpyrnM crroco-

6oM 66In0 ITOKa3aHo, 'ITO HeHyneBaSI BenH'IHHa w ( I ) rrpn O.<t <R/c 

He MO)KeT 6b!Tb o6oHCHeHa rrp116nll)KeHHSIMII MO}lem1. 8§ 12 qiopManh

HO 6611111 cpaBHeHhl HenocpencTBeHHO peaynhTaTbI 1 rrony'IeHH61e no 

Teopl!H B03Myme1mll C qJH3JI'IeCKI!MH Il "ronbIMil" COCTOSIHHSIMII; no

Kll3llHO, 'ITU nocne,QH!le /lll!OT Henp!!'IIIHHbill aqiqieKT 3H8'IHTenbHO 6onh

lllIIH, '!eM nepBbie. 8 /lll.CcepTaUilll rroKa3bIBaeTCH, 'ITO nony'IeHHblll 

HenpH'IIIHllblll aqiqieKT He HBn.iieTCSI cne/lCTBileM "nepeKpb!BBHirn" Bon

HOBl>IX cjiyHKUilll ocunnn.HTOpHhIX aneKTjJ0IIOB II BBe,QeHirn o6pe3aHHH 

g ( k ) • TaKHM o6pa30M, yTO'IHeirnoe paccMOTpeHIIe aa,Qa'III <PepMII 

B paMKax TO'IHD peuraeMoll MO/Jenn naeT no-npe)KHeMy aKayaanhHbill 

peaynhTaT. KaK OTMe'IaeTCH B § 10, 3llll8'Ill <PepMII OXBl!TbIBaeT TOnb

KO OAIIH acneKT npo6neMbI rrepe,Qa'III Boa6y)KJ1GHIIH ( cnrnana ) , Tonh

Ko OllHY cTa,QHIO peanhHoro npouecca nepe,Qa'IH c11rHana: cTa/lHIO 

po)K1JeH11H o6MeHHoro · qioToHa, ero pacrrpocTpaHeHHH u nornomemrn. 

Ecn11 6b1 rronyq11ncH cornacyromnllcH c Teop11ell OTHOCI!TenhHOCTil pe

aynhTaT: w ( t ) "' 0 np11 .l < R / C • TO 3TO 03Ha'Iano 6b1, 'IT_O BO

npoca O TOM, npH'IIIHHa Teop11H Ilnll HeT, He B03Hl!KaeT. O1JH8KO Harne 

6onee TO'IHoe paCCMOTpeHI!e llOK83bIBaeT, .'ITO BOITpoc 0CTaeTCH, HO 

20 

aaKnJO'IIITb O TOM, llpll'IIIHHa Teopl!H llnll HeT,• Mbl eme 11e, MOJKeM. 

TTonyqeHH8H aKayaanI,HaH TPYAHOCTb 03Ha'IaeT, 'ITO 11eo6XO/ll!MO 

nanhHelllllee TmaTenhHOe 11ccneii0Ba1111e Bcex npyri1x ~crreKTori -npoGne

MbI, HanpnMep, onncaHne rrpouecca npnroT0BneH1111 Boa6y)Knemrn y · 

aTOMa 1 Il npouecca perHCTpaUHH Boa6y)l(JleHHSI y aTOMa· 2. M1,1 

TOnhKO rroKaaann, 'ITO llpll'Il!Ha TPYllHO_CTH KpoeTCll He B rrp11Gn11JKe11-

HOCTil pellleHHH. 

OCHOBHbie· peaynhT8Tbl .anccepTaUllll rrpeACTlJBneHbl. B pil6o-. 
/14-18/ . . 
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