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A H H o T a u w R 

P ewaeT c R KBE.tHTo a o-3n e KTponHH8MM"--eC KBR 3ana"--a o6 o6MeHe ao36ymneHHeM Me)Kny 

llBYMSI 8TOM8MH, p8.3LJ.Cil e 11Hb1MH pBCCTOHHH. e M R II pH t = 0 aTOM A e o35 y >K neH ~ 

aToM n ue a o36 Y>KileH; ¢oToHoa HeT. Hax.o.ru-tTCH a e poRTHOCTb w(t) T aro , LIT O a MOMeHT 

aTOM !3 OK8.>K9TCR BO.:J6y >KJ1.C H HhlM . B npOTHBOpe"--He C T COpH e A OTHOCliTeJibi-IOC TK w( t) 

O K83biB8eTCSI H e p8BHOA Hynto 8 HHTe paane Bp8M8H ( 0, R/c , npHobpeTaH 3BMeTHyJO 

88Tlli'IHHY B HHT8 paane (R/c- >J C , R/c +>./c ) llJlllHOA nopst.QK8 nepRO.QB >Jc KB B HTB, 

KOTOphtM o6 M C HHBB JO TCH BTOMLI . TaKoll. pe3ynhT8T HBnReTcR cneacTa.H:eM HeHC"-- e.3HoeenHH 

~~'npnt.IHHHott~~' QJyHxnHH p acnpocTpBHeHHH c!Jo T oHa De ( x) 
0 

BHe CBeTIJBOf'O KOHycU . 06cym-

.a.aeTC H s03MO)I< HOCT b nocTBHOBK H cooTB eTCTBytowero OllbiTB . EcnH a.nHHa e onHhl A o6-

MeHHo r a H311y1.{eHHR > 1 M, TO OK83blB 8eTCS1 B03MQ)KHbiM •npHr OT IJBHTb• H8"-1 811bHOe COC T OR

HHe LJ.OCTBTOLIHO 6b!CTpO, '-lf06bi MO)f{HQ 6biJ10 rOBOpHTb 0 TOM HllH HH O M nose.ae HHH w( t) 

a H HTepa ane .ll.JIHHOH: Ale . OcHOBHBR TPY.llH OC Tb onbrTa , no- aH.aHM o My, 3B K1110 1.{ 89TCst a Ma-

JlOCTH 86COJllOTH Oi! B8J1H 411Hbl W (t) B 3 THX y C ilOBHSIX . 

06Cy>KJHllOTCR H €KOT0pbte B 03M O>KHbl e T eop e TH1.:f eC KHC 80.:Jp8>KeHHR no flOBO.Lly H3nO-

n<eH Horo p AC 1-I e Ta H npe.ana raeMoro onhiTa . 

Abstt·ac t 

The q uantum e lectr odynami c p r oblem ubout excil:i.<tion exchange bdween two 
a tom s is sol ved. The o.tvms are sep<>ratecl bv the dis tance R • Inilinlly , a t t = 0 
n ton1 A is excite d, u. ton1 !3 is no4 c l ectroJnllgnetic quanto.. a r e o.bsc-n t. 'The pro-
babil ity w(t) is calculated that B at la ter moment t is excited . In conll·adictio n 
w iU1 the theory o f t·el Ll tivity w(t) is found t• be n onvani shing in ti11u~ intervc1J (G, R/c ) 
o.ssuming o.n appr ec iabl e vulue in the interynl ( R/c - Vc, R/c +Vc) "hose l e ng th i s o f 
the o rde r o f the period >./c o f the cxch.:tnge photon. Sucil a r0s ult I S the con
sequence o f n onvo.nishing o f the "causal" funct ion D c (x) o ut of the lic,ht cone, 
T he project o f the correspond ing experiment is cliscu:l;scd. It Llppeat·s, th.:t t if wc•ve 
l e ng th >. o f the exchange ro.diation i s o f the o1-cle r o f a meter, o n e can " prepure" 
initial s ta te fa irly quickly fo r being ubl e to speak ~<bout one o r a n< other behaviour 

o f w (t ) in a n inte rval of the l e ng th A/ c • 'l he main e"<pcrimental difficulty seems to 
consist in the smallness o f the absol u te values o f w(t) undc~r these conditions . O ld 
solutions o f this probl em a r e discussed as we ll as some possible theor e tical 
obj ections concerning the p 1·escnt calcuk<tions unci the proposed experiment. 



BeeaeHKe 

l:l § I pa6oTbl K3naraeTcS! peweHHe 3BJlB'iK o nepeaaqe B036y>KaeHKS! a nepaoM He

KC'i83f.I IOll.leM npK6rrH>KBHIIH cTapol! (HeKoa a pH B HTHoA ) TeopKK B03MyweHKl!. TaKoe eaeaeHK e 

Heo6xo.a.HMO .nnR o6cy*.a e HJHl cTapbiX pacYeTos aToi! aa.a.a1.1H, eM. , nanpHMep, 
1 

l,'2 / 

I) § 2 UYJl8T JlB HO p8W8HH 8 B TOM >K8 npH6ITK>KBHKK HOBOl! (KOBBpKBHTHOl!) cj:lopMbl 

T e OpKH B03 MY I.U8 HHA: . tl 3 T O A: lflopM8 B03MO.>KHO H8CKOflbKO Cll0C060B pacqeTa. C llOMOlllblO 

HBH6onee IIpOCTOrO H3 HHX OK83hi B89 TCSI B03MO>KHbiM ytt8CTb 38TYX8HH8 B TQqHQM BbJliH-

cneHHH aMnni-ITY.Ubi nepexo.na, KanomeHHOM a § 3. YToqH5J8TCR npH6nHa<eHHe , a KOTopoM 

nonyqeH peaynhT BT 8 CT8pb1X p8Cl.J:8T8. noKB3biB88TCH 1 1.{T0 BB8.ll9HH8 38TYX 8H H51 H e BnHSl9 T 

K8Y8CTB8HHO HB OCHOB HOfi pe3yRbT8T - H8K C1.f93HOB8HH8 w ( t) ao apeMe HH R/ c 

B 3THX pacqeTax rrpHHHMaeTCSI KynoHOBC KBR KBnH6poaK a . PoJJb MrHoseHnoro KynoHoa

CKoro 838HM01l.8 A:CTBHH , RBHO IIOSIBfl~UOl.U8f'OCSl B 3 T OR: K8nH6pOBK8 1 06Cy>K.ll88 T CSI B § 4. 

B CBS!3K c nony'ieHHbfM pe3yrrbTaTOM B § 5 o6cy>KaaiOTCS! pa6oTbi Ma H ap., a KOTo -

p bi X 6btn nonyqeH npOTUBOnOnQ)KHbiA BbiBO.O. 0 I(By3 8 JtbHOCTR B 38HM0.0.8J1:CTB HSI noc p e.D.C TB OM 

cj:lyHKUIIH 
c 

D (x). 
0 

H a OCHOB B K3nO}!(eHHOrO B § § 2 H 3 pacqeTa B § 6 npeanaraiOTCH :.1 BBpKBHTa -

onbtTa no o6Hapy>KeH'Hro HenpH1.!HHHoro nose.neHJHt w (t). 

npH o6cy>K.0.8HHHX 8 T0f'O onbtT8 l.J8CTO Bbi.O.BHf' 8 nHCb H8KOTOpbi8 T80p8THl.J8C ~<. H8 

B 03p8)f{ e HJHI. Y13JIO.>K8HHe 3 TH X B03p8>t<.8HHA H OTB8Tbl H8 HHX CM . B § 7 • 

§ I . 06MeH B036Y*IlBHKBM no cTapoll T eopHH B 03MyweHH(I 

nyc Tb BHB'!ane BTOM A H8X0.0.HTCH B COCTOHHHH C 3HeprRea E2A J BTOM B -

a coc TOHHIHr E 16• Ey.aeM BbJliHCJIHTh aepoRTHOCTb nepexo.aa 8 T OMOB B COC TOHHHR E lA 

H E 28 cooTBBTCTBeHHO. JlnH ynpoweHHS! cj:lopMyn nono}!(HM , 'I T O E
2

A- E
1

A = E
28

- E
1 8 

= ,\ 
T BK 'iTO 3 HeprHK H B 'iarrbHOrO COCTOSIHHSI A* 8 H COCTOS!HKS! AB* OJl K HaKOBbl . B 3Ha-

"'HT8n b HOI\ l.J8CTH H31IO>K8HH.sl llO.O. CflOBOM "8TOM " MO.>K H O flOHHM8Tb H8K OTOpy10 KB8HTOBo

M9XaHH'iBCKYIO CHCTeMy, KOT OpB!! MO}!(BT H 3ITY'i8T b K n o r nowaTb ¢0T OHbf ( T. e . C06C T B9HHO 

a T oM, MoneKyna H T .n. ) . TaM, rae 6yayT HY* H br 6onee K OHKpeTHbie ¢opMyrrhi H '!Kcne H-

Hble OU8HKH 1 Mbl HM88M B BH.llY 8TOM BO.llOpO.ll8. 
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npoueee o6MeHa eoa6y>Kll 9HH9M qepe3 BHPTYBUbHblA <PoTOH npoHeXOllHT BO BTOpOM 

nopstaKe Hee TauHoHapHoA TeopHH soaMyJUeHHA (eM/
31

, § 29). AMnnHTY a a sepostTHOeTH 

H8A:TH B MOM9HT COCTOSIHHB AB*, eenH npH t=O 

0AB • (t) 
s < AB*IH'In >< n iH'IA*B> . e'<E-~''-1 

n l 
En- E

0 
E- E 0 

* e 0eTOstHH e 6wno AE 

I(E - E 0 ) t 
e -1 

E-E 
n 

, p8BH 8 

( 1.1) 

3aee b E o6oaHa'!aeT 3HaprHto eoeT<;>stHHst AB* E0 - eoeTOSJHHSJ A*B • no npeanono>Ke-

HHJO, OHH pBBHbl: ~E2 ,tE 1 A= E
2
t E

18
= E

0
.E0 3HeprHR npoMe>KyTO'IHOro eoeTOSIHHSJ 

H8tt88T CYMMHpOB8HH8 llO .neyM npOMB>KyTO'IHblM COCTOSIHHSIM: 

-+ 

• sn o6os-

A ' B H OllHH <tJoTOH e HMilY nbC OM h k H nonstpHaauneA • , En= E1,t E1g- hkc. 

11 • A* , B* H OllHH ¢oTOH hk ' l ; Ej,-E + E +21'. + ·hkcx). KpoMe 3Toro ,KoHe'!HO, 
~ t A 1B 

noapaayMeaaeTest HHTerpHpOBBHHe no seeM k H eyMMHpOB8HH9 110 nonstpH38UHSJM <tJoTO-

aa t • Vla.n.eKCht AB* , n A*B llOMHMO 3HeprHA eoeTOSJHHA BKUIO'IBIOT B .ee6st op6H-

T8llbHhiB MO~eHTbl 8TOMOB 1 HX npoeKUHH H T.n. 

MaTpHttHbie aneMBH'i'hl raMHnbTOHHaaa aaaHMo.neAcTBHR H' HM9JOT BHll (eM.f S/ 

(50,9) ) : 

·3/2J--
<AB*IH'IABk>-(.:.!L)L : 2"hc J 

m c k 
w* 

B • 

-+-+ "' 
(~ ) ~•·s (;; 

B ( I.:.! ) 

-+ 3 
w

1
/ X 

8
) d XB 

BonHOBbie ¢yHKUHH STOMa A KOM6HHHpytoTest B HOpMHpOBO'IHbiA HHTerpan, pBBHbiA 9llHHH-

ue. EyaeM e '!HTBTb, 'ITO ueHTP aToMa A noMeJUeH B HB'Iane KOOPllHHBT, a ueHTp B -
-+ 

B TO'!Ke R Toraa sonHosast ¢yHKnRst B 38M9THO OTnHttH8 OT Hynst TOnhKO B o6n8CTH 
-+ 

nopstllKB p aaMepa STOMa a 0 T8K ttTO 
-+ = 
XB = R • I::IRpTyanbHbte <PoToHw e . 3HeprReA, MHoro 

60UbW9A A , BHOestT MBUhiA BKUBll B aA 8 ,(1) (eM •• aanee ¢opMyny ( 1.3) ) . npR T9X 1'. 

KOTOpbte "Bl! .... 6ynyT HY>K_.~hi, Mhl noa TOMY anpaae npHMeHHTb .aHnonbHoe npH6nH>KeHHe: 

38MBHHTb etkxa aa e tk R , npeae6perast a enJPtHHOA nopR.llK8 a
0 

t!Jhc no cpaaHeHH!O 

e I. V1enonb3yst eme eooTHoweHRe ( 35.20) H3 
131

, MO>KeM npHseeTH ( 1.1 ) K BRllY 

!l2 ..... .... ... 
a (1)=- · -a- rrr k dk dn l (<d)(. d ) . 
AB • ( 2" ) 2 A B 

( 1.3) 

........ - l(k-6)t ........ 

•{ etkR[it+ · e -1 ], __ 1_ + e·lkR [it+ 

k _ ,.. k -"' 

-l(k +t.lt 

e -1 
k+"' 

], _ 1_ I 
k +"' . 

x) 3TO npoMe>KyTO'IHOe eOe'tOSJHH9 KB>KeTest eTpBHHWM, HO OHO BHrfHT HeHynesoA 
BKUBll (ep/3/, § 50 • AHBUH3 llH¢paKUHOHHOrO OUWTB" H / 4 /, § 24), 8/ ,~/ OHO H9 yqn-

T biB8eTCH. 
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B 3TOA <j:lopMyne H B LlllllbHeAweM Hcnonb3yeTC!l CHCTeMa 9LlHHHU , B KOTOpoil h H 

qncneHHo paBHhr 1 (nocTOHHHIIH c HHOrlla 6ylleT npHMeHSITbCH LlllH o6o3 HaqeHHll p a3Mep-

HOC TH); a= 1/ 137 03HBttBeT CJMMHpOB8HH e ITO .O.ByM B03M O >KHhlM HanpasneHHHM 

nonSipaaauHH npoMe>KyToqHoro nonepeqHoro <j:loToHa: 

( 1.4) 

d A 03H8tt89T M8TpH'lH hi A 3 n 9M9HT KOOp.llHHBTbi M9.>KLl.Y COCTOSIHHHMH A* H A , y d n 

CMblCII IIHIIIIOrHqHhiA, .[lnSI IITOMII BOLlOpOLl ll 

) = r w* , , ( ;) (; ; ) w f 
nf m . n m 

( x ) d ~ • (1. 5 ) 

l:lblnonHHM B U.3) cyMMHposaaae no ' · c noMOtu bro ( 1.4) H B03bMeM aaTeM HHTerpan 

no dfl : 

. I l t + 

I (dA 

a ( t) =- i 
AB• 

-l(k- !!.) t - I e 

i(k -!!.) 

a !!.2 

( 2rr )2 

] ,_1_ 
k.!!. 

4 rr,jrr/2 

+ [ t + 

d )[_l_J (kR)-_.l_J (kR)] .-
B 3 ~ 3 5/0 

k dk 
,jkR 

e·l(k+!!.>'_J 
------ -

i(k+!!.) 

( dA. R)( dll R 
R2 

]. _ 1_ 
(1.6) k+!!. 

J 5A k R) I 

3Ll9Cb J ~ (k R) H J (k R)- <j:lyHKUIIH 
5/2/1 :u 

EeccenB. 3allaqa Tenepb cBelleHa K BblqHcneHHIO 

HHTerpanoa no • H • npe.n.nonaranocb, 'ITO rnaBHhiA BKna.o. a HHTerpan .aaJOT k . 

npHM 9pHO paBHble f, , no3TOMy TIIM CqHTIIIIOCb0 qTQ He LlOnycKIISI 60ilbtu0ll OWH6KH , MO>K· 

uo pacnpocTpaHHTh HHTerpuposaHae no k OT -~ LlO - . B 3TOM rrpH6na>KeHHH qneH 

(I+ 
exp (- i ( k + !!. ) t ) - 1 

i (k+!!.) 
- ] 1 k+!!. soo6tue BKIIIILla He Liae T, 

KpoMe 3Toro J 1/ 2 a J 5/ 2 aaMeHBIIHCh HX acHMnTOTHqecxHMH npu6nH >K eHHHMH 

.j..1...sinkR/.jkR H -.ji sinkR/Jkif"- , sepHhiMH npH 6onhlllHX kR • nocne 3 Toro 
" 7T 

aA
0
,(t} BblqHCIISI9TCSI npOCTO: 

·l(k../\) t 

].f dk [t + e -l 
i(k- !!. ) 

] , sin k R = 

k _ I\ 
( 1. 7) 

li-
!Rf, 

r.e (t-k) .O(t-R)] ,. 

Mo}I{HO socnonb30BHTbCB <j:lopMynaMH :l . 721.1, :l. 74 1.3 H :l. 786.3 B 
151 

KaK o6brqHo, 

0 ( t- R )= 0 npa t- R < Q H p11BRO 1 npH t - R > I) • 

nonyqaeTCB, '<TO a AB• ( !)= 0 BIInOTb .0.0 MOM9HT8 Rfc, IJ:TO H8.XO.O.HTCSI B COrna-

C>IH C T90pHell OTHOCHT91lbHOCTH, J:l LlliJlbHellweM, KOrllll HHTerp allbl B ( 1,6) 6yllyT 

5 



B3SITbl T0t1H 0 1 Mbl .O.BTBnhHBA: OX8p8KTepH3yeM npH6nH:>K9HH9 1 B K OTOpOM cnpaae,anHB 9TOT 

pe3yJibTaT. 

3 aMe THM y>Ke ceJ!qac, 'ITO B pa6o Te 
16 1 

OWH60'!HO C'!HTaeTCH, 'ITO HHTerpHpoBaHHe 

ITO 3 HeprHR Q:loTOH8 C C8MOrO H8l.IB118 B91l9TCSI O T -oo LlO + 00 
1 l.fTO H npHBO.llHT f'aA:Tnepa 

0 R/ 141 
K yTaep>KtleHH IO, 'ITO a A s • (I) .IQ.!!!!Q pasH a HYJI IO a HHTepsane ( • c ) • ( CM. , KOHeu 

20, rne UHTHpOBaHa m!TepaTypa no p8CCMaTp11B8eMOl! aanaqe), 

§ :.!, PeweHHe aana'll! no Hosoll TeopH II soaMyweHHJI 

A MnJIHTy tly a A 
8

$ I) MO>K HO npetlCTaBHTb KaK MaTpii'IHbll! 3JleMeHT OT onepaTopa 

U ( t 
0 

0) 
0 

OnHCb!BaiOWero BpeMeHHOe pa3BHTHe CHCTeMbi: 

" a (I) =<A8*\ U(I,O )\ A*B > 
AB • 

(2 .1 ) 
. d 
1-

d t 

" U (1 , 0)=H
88

(1) U (1,0) . 

~ 3 - raMHJlb1"0HHaH B3aHMOtleliCTBHH B KapTHH e B3aHMOtlel!CTBHll, npH 3TOM B COOTBeT-

CTBYJOlllHA CB060.llHbii:t rBMHilbTOHHBH Mbl BK1l10l.I89M ITOT9HUH81lbl 1 CBSI3biB810WH9 3 1l9KTpOHbl 

x) 171 . 181 
B aTOMaX A H 8 HJIH HOHbl B MOJieKynax H T,n, (eM, 0 § :.!7 H 0 rn, ! 5 , § 7 

(KapTHHa <PappH)), 

11 cj:lopManH3Me S -MaTpHUbi , S= U (+~ , - 1~) , HcnonbayeTCll nopeHTUOBCKal! KanH6p oaKa, 

B K,OTOpOl! TeOpHH II MeeT KOBapHaHTHbll! BHtl (cpopMaJIH3M rynTa-6nel!nepa) , VJ aaeCTHOe 

,aononHHT91lbH09 yCIIOBHe flop9HTU8 B KIIBCCe 3B,aaq CO CB060.UHbiMH 31l9KTpOH8MH B H8lf81lb7 

HOM II KOHe'!HOM COCTOl!HIIl!X BbiUOJIHH eTCll aBTOMaTJI'leCKH ( CM/41 
0 § 13, 

191
). 8 aanaqax 

co CBl!3aHHbi MH aapl!tlaMH y'leT 3Toro ycnoBHll cno>KeH, Mbi Bbi6HpaeM TaKyiO cj:lopMynHpos -

KY aneKTp o.aHHBMHKH 1 e KOTopoA He HY.>KHO HBKIIB.O.biBBTb H y qHThiBBTh .aorronHH T e nbHbi X 

ycnoslll! T8Koro r-ona, a HMeHHO cpopMynHpoaKy Hoso6aTCKoro-l:lanaTHHa, 6JIH3KYIO K Ky-

noHoscKoll K8JIH6pOBKe, I:S TaK H83b!BaeMOM KOBapHaHTHOM ee BHtle, H3JIO>KeHHOM B I IOI 

rn. 6. 4 1 H.CIT 01lb3Y9TCSI BH9WHHA ITO OTHOW BHHJO K HCCne,ayeMoA C H C T 9M9 Bp9M9HHQ-IT0:006-

HbiA B9KTOp n / { 1 OT KOHKpeTHOrO Bbi60p8 KOTOpOrO pe3y1lbT8Tbi He 38BHCSIT. Mhi IlpHM9M 1 

'ITO n 11 = ( 1 ,0 ,0,0). raMI!JlbTOHHaH HB3 on iiC b!BBeT B3811MOtlel!cTBI! e aneKTpOHOB B A H 8 

C nonepeqHbiM fl01!9M H 3nyq9HHSI H HX KYIIOHOBCK09 B38HM0.0.9ACTBH9 

H =H '+H = 
113 c 

11 8 
=-J j (x)b

11
(x)dx +~ 2 

f io (X) ja( x') d 3 

I X - it' \ X 
d

3
x' · 

(2.2) 

x) KoHe'!Ho, KynoHoacKoe s aai!MOtlellcTBI!e aneKTpoHa BTOMB A c lltlpOM aToMa B 
He yqHTbiB rae TCSI ,. 3~0T TIOT9HUH81l npHMepHO B R/ 3 0 pa3 M9Hblll9 ITOT9HUH81l8, CB SI3bl-

BaiOWero 3neKTpOH CO CBOHM HtlpOM, J:lepOHTHOCTb Bhl3biBaeMoro HM 06MeH8 B036y>Ktle
HHBM T O>K9 M81l8, CM . npHM9q8 HH9 H8 CTp. 14 . 

6 

OnepaTOphi bJ.L cssraBHbi c aanpsr:>K e HHOCTSIMH a neKTpOMSrHHTHoro nonSI, npHqeM b
0 

= 0 

all b = a1 
b = 0, nonepe'!Hble KBBHTbl ( KBBHTbl noJIR b., ) I!MeiOT TaKyiO n pH'<HHHy iO C 

ll I ~ 

UIIIO p acnpOCTpaeeHHR 0° (x-y)= < Tb (x)b (y)> 0 
J.LV ~ V 

0 " 0 
D (x)=(ll- a a / /';.) D (x) 

I e le I "' 0 (2 
D c 1:: D D = D0 = 0 ' 

0 e 10 00 

" s a 2 
/';.= 2 <--) . 

•=• a x, 
qTQ COOTBeTCTBye T COOTHOW9HHSIM (6,88), (6 ,89) B I IO I npH n 11 =( 1.0,0,0). 

KynoHOBCKoe B38HMOtlellcTsHe H c Mhl paccMoTpHM OTnenbHO a § 4. 3necb 6y.L 

o6cy>KtlaTbCll TOJlbKO '!aCTb 8MDJ1HTytlbl n epexOtlB, 06H38HHal! 06MeHy nonepe'!HbiM KB 8 

( KBK H a npetlhitlyweM naparpacj:le) . 

A 
nocKOilbKY y H BC OTCyTC TBYlOT qJOTOHbl B H 8q8JlbH OM H KOH B ttHOM COC T OSIHHSIX, TO 

U (I, 0) MO>iOIO B hi,nenHTb onepaTop, CBSI3hiB810WHA HMe HHO T 8KH9 COCTOSIHHSI B e 2 - r 

6nH>KeHIIH, TaK >Ke, KBK 3To cnen aHo a § 37 a 
171 

. () 4 4 
u.(I,O) = - 'h f /ij(x) ~.<x- y)j. (y) d X dy (; 

(HHTerpH.pOBBHHe no apeMeHBM y
0 

H x
0 

a npenenax OT 0 no t ) • 

tlxotlHWI!e a TOKH onepaTop bl aneKTpoHHoro nonl! pacKnatlhiB8IOTCll no co6cTaeHHbi 

cj:lyHKUHHM Hawero raMHJibTOHHaHa H
0 

• B cnyqae a TOMa aonopona - aTo c sRaaHHhie 

COCTOSIHRSI H KyllOH OBCKH e BOIIHOBW9 ¢ YHKUHH CITnOWHOrO CITeKTpa. 

2 - 0 

a (I) =<A8*\-4- If N [ o/1 (x)y o/l (x)).D (x-y) N [o/1 (y) y o/1 (y))\A*3>= 
AB • L. t le e 

0 

w* (x) a 1 w (x) D (x-y) w* 
B• B le A 

e
2 ff (y ) a w (y ) d ~ d ~ 

o A ' 

- o6MeHHbll! qneH. 

06MeHHbll! qneH O'leHb Man np11 R >> a 0 ( nepeKpb!THe a onHOBbiX cpyHKUHll an e KTpOHOB a ' 

cnyqae HH'!TO>KHO), OnepaTopbi o/l( x) a (:.!,5) yHH'lTO>KBIOT aneKTpoH a cocTOl!HHII w 
B 

pO>KtlBIOT ero B COC TOliHHH w
8

, (x) , 3TH COCTOl!HHll HMeiOT 06hi'lHyiO 38BHCHMOCTb OT 

MBHH, CBOA:CTBeHHYIO COCTOSIHHSIM C IlOIIO>KHTenbHOA 3HeprHeA : 

W (X);: W (;, X ) = e·IE! BxO 
B B 0 

w (;) . 
B 

(2 

AnanorH'IHYIO 38.BHCHMOCTb KM eeM .nnSI w
8 

• • w A R w A • • 

8 pe3ynbT8Te H3nyqeHI!ll HOpMa COCTOHHHH W A' yMeHbWaeTCll CO BpeMeHeM (npl 

9 TO HaJIY'IBHHe 1 B OCHOBHOM 1 He 'nepexB8TbiB89TCH' 8TOMOM B ) . 3TOT qJBKT 06bJtiHO 

Tb!BaeTCll BBe):leHH eM MHHMOA tl06BBKII x aHeprHH cTauaoHapHoro cocTOHHHll, ByneM 
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Onep&TOpbt b
11 

C8!13&Hbt c uanp!!>KeHHOCT!IMH 3neKTpoM&rHHTH oro non !I, npH'IeM b
0 

= 0 u 

all b = a1 b = 0. nonepe'IHbl9 K8BHTbl ( KBBHTbl non!! bfL ) HM910T TBKYIO npH'IHHHyiO c:j:JyHK-
11 I 

URIO pacnpocTpaueHR!I 

(2.3) 

D 
0 

= D 
0 

= 0° = 0 , 
0 fl 10 00 I= I 

qTQ COOTB9TCTByeT COOTHOW9HHRM (6.88), (6 .89) 8 /!0/ npR n fL =( 1.0,0,0). 

Kynouo8cKoe 83BRMOJlellcT8He H 
0 

Mbt paccMoTpHM OTJlenbHo a § 4. 3JleCb 6yJleT 

06Cy>K.U8TbCR TOnbKO "18CTb 8MflnHTY.Obl nepexo.na, 06SI38HH8R 06MeHy nonepelfHbiM KB8HTOM 

( KBK H 8 npe,llbtJlyweM naparpac:j:le) . 

A 
noCKORbKY y H8C OTCYTCTBYIOT cj:>OTOHbl B H8"18nbHOM H KOH91.{H0M COCTOSIHHRX, TO H3 

U ( t, 0) MOR..:HO Bbi.Q9nHTb onep8TOp 1 CBH3bi8810lllHA HM9HHO T8KH9 COCTOHHHH B e 2 -npH-

6nH>K9HRH , TBK >Ke , KBK 3TO CJlenBHO 8 37 8 
17

/ 

" 
u · (t,O) = - 'h ffi (x) D

0

.(x - y) i (y)d'x /y (:.!.4) 
e j le e 

x
0 

8 npe.llenax OT 0 LIO t ) • 

tlXO.llSIWH9 B TOKH onep8TOpbl 3R9KTpOHHOrO nonst p8CKR8.UbiB810TCSI no C06CTB9HHbiM 

c:j:lyHKUH!IM uawero raMHnbTOHH&ua H
0 

• B cnyqae &TOMB 80LIOPOLIB 

COCTOHHHH H KynOHOBCKHe BOnHOBbl9 ¢yHKURH cnnOWHOro Cfl9KTpa. 

3TO CBSI38HHbi9 

a (t) =<AB*I~ If N [i (x)y .p (x)}.D
0 

(x-y) N [.p (y) .p (y)JIA*3>= 
AB • L. I 1e ye (2.5) 

= e 2 rr 0 

W * (x) at W ( X) 0 (X- y ) w* 
8 • B 1e A 

(y) a 

06MeHnbll! qneu O'leub Man npu R>> a 0 ( nepeKpbtTRe 8 onuo8b!X c:j:lyRKUHII 3neKTpOH08 8 3TOM 

cny'lae HH'ITO>Kuo). OnepaTOpbt o/J (x) 8 (:.!.5) YHR'ITO>KBIOT 3neKTpou 8 cocTO!IHHH w
8 

(x)u 

pO>K,llBIOT ero B COCTOSIHHH w
8

, (x) , 3TH COCTOSIHHSI HM910T 06bt'IHYIO 3B8HCHMOCTb OT 8pe

M9HH1 CBOA:CTB9HHyiO COCTOSIHHSIM C nonO>KHT9RbHOA 3HeprHeA: 

(2.6) 

AHanorH'IIHyJO 38BHCHMOCTb HMeeM .onB w
8

., w A H w A• • 

B peaynbT &Te uany'leHH!I HopMa cocTOHHR!I w A' yMeHblll&eTC!I co 8peMeneM (npR'IeM 

3TO R3ny'I9HH9, 8 OCH08HOM, He 'nep9X8BTbiBB9TCSI' BTOMOM B ), 3TOT c:j:l&KT o6bt'IHO yqu-

Tb!BB9TCSI 889Jl9HR9M MHHMOJ! Jl06BBXH K 3HeprHH CTBUHOHBpHOrO COCTOSIHHSI, 6y.ll9M 

7 



C'IHT8Tb, 'ITO y KB>K.UO!"'O ypOBHH eCTb CBOH illHpHH8 H BCe paa eHC TB8 THII8 ( 2.6) HMeiOT 

BHLI (cp. /'!/' § 18) ; 

W B (X) = e. I E 1 B"o- y 1 B x O w/;). (2.7) 

Sy.ueM C'IHTBTb, 'ITO ~A+y1 A=J2 8 +y10=y. 

noKB>KeM. 'lTC •pH Bb1'1HCr.eHHH (2.5) MO>KHO HCIIO!Ib3088Tb Hepe!ISITHBHCTCKOe IIpH

/3/ 
6nH>KeHHe, 38MeHHSI a I H8 -p

1 
/m (cw. , § 50) • H LIHIIO!IbHOe I1pH6!IH>KeHHe, CBO.USitUeecg 

K 38Mene 0° (; - y. X - y ) H8 D 
0 

( R. X - y ) • 
fe 0 0 le 0 0 

nonb3yHCb rrpe.UCTBBneHHeM (cp/
71

, § 17,3) 

(+l (+) 
i D (x-y)=O (x -y) D (x-y )+ 0 (y -x )D (y -x) 

ie 0 0 i e 0 0 l e 

-1 
D(+'cx-y)= 2i(2rr) 3 le 

nonyqaeM H3 (2.5): 

J__<il 
k 

[ ~ ~ ~ t lk(x-y)-k(x-"{! 
e 0 t le-

k I k • 
) . 

k2 

- c2 
a ( t) = 3 :£ 

s .. -+ ... ... d a k 
( d X w "(x)a W (x) (d). w"(y)a WA(y) (--

AB• 2(2rr) I e 
D • I ll A e • k 

X [~1.~ 1' y [~~~ 1 0 ik( -y)-k(x-y), p lk(y-x)-k(y-x) ' 

dxo ( dyo " o o + ( dyo I dx o c o o I 

( ~ _ kl k li\x _ 
. l e 'To ] 'e o yxo 

-lt\yo -Y Yo 
e 

(2.8) 

(:.!.9) 

npOHHTe!"'pHpyeM (2.9) !IO x
0 

H y
0 

(nepeMeHB I10pH.UK8 HHTe!"'pKpOBOHHll O!Ip38,llbl-

B89TCH TBK .>Ke, K8K npR .O.OK838T9flbCT89 p8B9HCT88 napceBBJUJ B T90pHH HHTerpBflbHOrO 

npeo6paaosaHHSI <Pypw ) : 

-e' 
aAB{l) = 2(2rr)S rA s cs- ~·J. 

· k te le k~ 

1 
. oVt A i [ e . -1 e·l(k-<>lt-yt 1 - ---- + - ] 3 .. ... .... 

i(k- o\·-i y) . --=iy- ;(k-.\ } _+_y __ ( d X W8:(x)') elkx wn(x ). 

~~ 

s f d y 
-+ ~tky w: (y) e a w (y)+ 

A• 

+ ---"---:
i(k+A+iy) 

-•yt 1 
[ e __ - + 

-I(H I~)t-yt • • lkx 

e ___ ____ -::_! 1 •f d ·~ w:. (x) a
1 

e 
i(k+i'.)+y -·2 y 

3 ... n .. y ..... 
. r d y w: ( y ) a e w A . ( y ) I 

8 

w 
11

(x ) • 

(2.10) 



KaK BHJlHO, OCHOBHOA: BKn8Jl B HHTerpan no k BHOCSIT , He HB MHOI"' O 2lnH'I810-

± I~: ±lkR 
, npH ycnOBHR Mbl MO>KeM 38MeHHTb e na e LUHeCP OT 

±ttt Y 
a e - H8 I. npo.oenbiBB!I o6paTHble npeo6p830B8HH!I OT (2 . 10) K ( 2.5) , nony'IHM 

B (2,5) ~: ( R, x
0

- y
0 

BMecTo 0
1
: ( ; - y .. , x

0
- y

0 
) • Ltanee, ycnoaHe a

0 
!'!. < < 1 

3KBHB8neHTHO ycnOBHlO V•/ C , ra.e V
8

- CKOpOOTb 3neKTpOH8 B 8TOMe. no3TOMY MaT-

pH'IHb! e 3 neMeH Tbl OT a
1 

H a 
0

, qJHI"'ypupyiOlUHe B (2 ,10), MO)!(KO B bi'IK CnSITb B H e penSITH -

1 • 
BHCTCKOM npu6nH)!( eHHR: OHH paBHbi i !'!. d

9 
H i !'!. d A cooTaeTCTBeHHO ( eM . § I), Y'IHThiBBH, 

'ITO B 3 TOM nap8l"'pa¢e HCnOnb30B8H8 CHC T eM8 e.llHHHU XeBHCBI!.llS-JlOpeHUB, B CB !13H C '!eM 

e
2 /4, =a•l/137 , y6e)!(.ll8eMcH, 'ITO (2 .10) a npe.oene y+ 0 nepexo.oHT a ¢opMyny 

( l.J) , nonyqeHHyJO c noMOLUblO eTa poll T eopHH s oaMyLUe HKll, CTpaeeoe npoMe)!(yTO'IHOe 

COCTO!IHHe II flOHBn HeTCH B H OBOit T eOpHH B 03MyLUeHHA 88TOM8TH1.!eCKH 1 K8K H o6n8CTb 

HHTel"'pKpOBBHH!I no k OT 0 .llO (eM, aaMe'!aHRe a Kouue § I). 

§ 3, To'!Hbie Bbi'IKcneHK!I K aeanKa peaynhTBT B 

nocn'? npH61IH)!(eHHl! , H31IO)!(eHHbiX B KOHUe rrpe.llbl.llYLUei"'O nap8l"'p8qJ8, qJOpMyna (:.!,5) 

npe sp8LU8e TCSI B 

-t ~yo-Y Yo o .... 

e D (R,x - y ). 
le 0 0 (3.1) 

.ilnR H8WHX uene:A 6y.neT Jl.OCT8T01.!HO BbPIHCnHTb TOnbKO 1.!8CTb flOJlHO A sepOSITHOCTH 

o6MeHa soa6y>K.oeeKeM.nycTb aTOMbr A• H B 6brnu eenons•puaosaHbi u non HpRaaunH A 

H B* He H3MepHeTcH. Tora.a nonHaR sepoHTHOCT b a cnyq ae HepenRTHBHCTCKoro aToMa 

BO.llOpO.llB nony'!&eTC!I nyTeM ycpe.llHeHH!I H cyMMKpOBBHH!I _ 1_ 2 
s 

KBB.llpB T B MO.llyn!l 

no npoeKUH!IM Op6HT8nbHOI"'O MOM e HTB (cOCTO!IHHll J K 2), ViCXO.llSI K3 ( ! ,5), MO)!(HQ 

IIOK838Tb1 t.ITO 

2 d: (<)• = A
2 o•n 

m • ,m 
A A 

2 
A 

"A / A 
rrponopuHOHBnbHO KBB.llpBT Y p8.llHBII bHOI"'O HHTel"'pana R n' I• 

AHanorH1.!HO 

m ,m• 
l3 l3 

no3ToMy a nonnoll sepo!!THOCTH 

I • 

o• (\ R 
lo 

w(t)=J2Ja (t)J 
S AB • 

9 

X 
0 

A A 

2 

IIOHBJlH9T CH Bbip8>K9HHe: 

y' ) = 
0 

(3.3 ) 

(3,4) 



a = 1 _a ___ a __ j_ 1 
a Rx' a R y ' a R ' 

~- ~ 1 _a_ , _ J _ _ , _a_ 
a R:· a R~ a R', 

... 
t. - ~ ca· a·.>, 

BBH.llY qero W (t) MO>KHO npe.llCT8BHTb B Bll.ll9 

w(t) = _!_ I I a (tll
2

= .l..(a AB i\ 2 ) ~ 
S mA,mA ,mll ,m~ All• S 

I I 4rr r d X } d y e1 ~.0- yxo 
0 0 

+ L 4 1T 

I e 

d X 
0 

d y e '~'o- Y' o 
0 

e 
.,i\'0 YYo 

-1/\ yo - yYo 
e 

Do ( R, •o - Yo l I + 

0 ~ 2 

a, a. ~-' o o < R, x
0

- yo l 1 1 ° 

(3.5) 

Mbi Bbi'ii!CnHM TOnbKO nepsoe 113 .llByx nono>KIITenbllbiX cnaraeMbiX a (3.5), T.e. HHTerpan 

t ~ i\ 0 4 

d x f d y e 1 'o - Y •o e ·• Yo- Y Yo D ( R , x - y ) 0 

0 0 0 0 0 0 
lr= 4rr (3.6) 

Onl!llleM O.lliiH 113 B03MO>KHbiX cnoco6os Bbi'illcneHII51 ly (no-BH.llHMOMy, caMbiA npocToA) . 

H ( 3.6) BCT8Bn519M 

Do(R,x - y) . -O o = -- ---1- 1 ·•w( ~2rr)• !{ ( d w e 'o-Yo l +dwl R 

-~ 

171 
(eM. , (:l7.10)) 11 nocne aToro IIHTerpllpyeM no x

0 
u y

0 
• 

nocne p51.ll8 npeo6pa30B8HIIl! nonyqaeM: 

. i 
1 = 4rr - -)-•. 
Y (2rr 

· yt 
e 

R 
I ( dw cos ( w +~) R chyt -cosw t 

2 w + y 

i ( d w sin w R [ chyt- cos(w-~)t + chyt-cos(w+~)t I,) 
(w-f.)2+y2 (w+f.)2+y2 . 

(3.7) 

nepswA IIHTerpan B (3.7) c noMO!llbiO <PopMynhl f dw cosw a/w
2

+ y
2
= rr/y exp (-yla ll 

nerKo Bhl'iHCnsteTc51. OH paseH 

O(t-R)shy(t-R) rr / y cos R ~ o 

0cTBn bHbl 9 IIHTerpanbl Bblp8>K810TC51 q epe3 IIHTerpanbHYIO flOK838Ten bHy10 cPYHKURIO OT KOM., 

nneKcHoro apryMeHTa Ei(z) (onpe.lleneHI!e eM. B 
1 121

, § 3). 3TH RHTerpanbl MO>KHO csec-

Til K cne.llyJOlllHM : 

twa 
dw -·--- =I 

np11 a < 0 -Ei (-lal (y- ·i~)) exp Ia l(y - ii\1 

w - ~-iy np11 a > 0 2rri exp a (-y+i~),.... · Ei(-a(-y+i~ll.exp a (-y+l~) 

np11 a<O 

f d tu -·---= { 
w -<'>+iy 

a> 0 np11 

-2 rri exp Ia I ( - y+ i~) - Ei ( - Ia I (-y-i~)) exp Ia I (-y-i~) 

- Ei ( - a ( y+ i <'.) .exp a ( y + i ~ ) 

10 



twa 
dw _e ___ =-

w + D.:;:iy 
Ei (-a(+y-i6.)) exp a (:rY -i l\) . 

Pesyn bTaT rpoM03llKHX Bbl'<HcneHHJ! npencTaBHM c 110MOLUbto cpyHKUHH 

E [ z 1 = E i ( - z ) exp z B BH.ae 

i ·It)\ 
O(t -R )sh y (t -R) + -

2
- Re e 

(3.8) 
. ( E[( t - R )( -y+ i6.)] - E [ ( t -R) ( y+i 1\)] o1- E [( R+ t)(y + iA) 1 - E[( R+ t )( - y+ i 6.)])-

-ichy t Re ( E[R (y+ i6.) 1 ~E[ R(- y +i6. )1 )I . 

CHMson Re oaHattae T peanbHYIO ttBCTh. 

Bbt'IHCnenHe npenena y-+ 0 naeT cnenytoLUHJ! p esynbTaT: 

• i I Rl\ 
I 0 = -- I 0 ( t - R) ( t - R)" e - 2i R [ cos R 6. ci R 6. + sin R t\ si R 6. 1 n-

"R 

+ i ( R - t) [ cos R 6. ci ( R - t) L\ + sin R 6. si ( R - t) 6. I n- (3.9) 

+ i ( R + t )[ cos R 6. ci ( R + t) 6. + sin R 1\ si ( R + t ) 1\ I .1 • 

V1HTerpanbHbie CHHyc six H KOCHHYC cix 
/ I:.! / 

onpeneneHbl a , six = -T +Six 

CpaBHHM (3.9) c npH6nn>KeHHhtM pacqeTOM, nsno>KeHHbtM a § 1. CyMMHpyll " ycpellHllll 

KBBllpBT MOllyl1ll 11p8BOJ! 'IBCTK ( I. 7) 110 MBrHliTHblM KBBHTOBblM 'IHCI18M C 110MOLUb10 cpop

Myn (3. 2) H (3.3), nonyqaeM 

2 I R,:', 2 

Wn (t) =-\-(a AB I'. )
2
_1_ ( 3-1-1+ Olrre 0 (t-R)(t-Rll. 
rr2R2 (3.10) 

1 2 2 2 
CpaeHHBBll w• ( t) c wT (t) = --g<a ABI'. ) I I

0 
I npe>Kne acero OTMeTHM , 

'ITO KeanpaT MOllynll 'npH'IHHHoro 'lneHa' 0 ( t- R )( t- R) ( o6pawatotuerocSI a Hynb npH 

I < R ) HM eeT B Wn (t) BllBOe 60I1bWYIO Bei1H'IRHy, He>KenH B wT(t) • 3 TO HeyllHBH-

TenbHO, 11 0C KOI1bKy WT(t) COCTBBJISieT TOI1 bKO 'IBCTb 11011HOJ! BepO!!THOCTH W ( t) • J:l oc-

Tal1bHOM (3.9) OTI1H'IaeTCll OT ( 1.7) HaJIH'IHeM '111eHOB, COllep>Ka LUHX HHTerpB11bHble KOCH

HyC H CHHyc, ue o6pawatoLUHXCll B Hynb npH t < R • HH>Ke nn11 KpBTKOCTH Mbl HX Hash!-

B89M HenpHt~HHHblMH. 

<PopMyna (a.9) - cnyqaR OTcyTCTBHll saTyxaHRll - 6bln a nonyqeHa ewe llBYMll cno

co6aMH: 

11 



( I ) BbtqH eneHHSl H a qHHaiOTeSJ TBK , KBK 6ht/IO Hano>KeHo B § I HIIH 2 . 3a T eM npoHaso-

.UHTeSI yepe,uHeHHe - eyMMHpOBBHI!e, w(t) nonyqaeTcst a BH.ae cyMMbi .nsyx nono.JiOfTenb-

HbiX l.ln9HOB. 8bJlHfCnsteTCSJ ITpOCT8 A IJJHA J.f3 HHX 1 np0110pLUIOH8nbHbi A: KB8.0.p8Ty MOllynst HHTe-

rpana 

k d k ·tCk· ;\>t ·•c•+"'>• 
J (kR) i [t+ e - I J,_!_ +"lt+ _e _ _ __ ~ ] ._ I _ I 

' I i(k -1'1) k - !\ i (k + i\) k+A (3.1 1) y'kR 

OeHOBHhte seTpeqaiOtUI!eeSJ HHTerpanbt npH s e.ueHbl B rpopMynax 2.64 1 B 
151 

(2) l:lbt•menReT eR HH T erpall (3 ,6) e OOMOlUbiO cjJopMyllbl 

D
0
(;,t) = _L-[ o (t:_i1"J - _Lp _! _ _ ] 

417 t rr t 2_ ~ 2 (3.1:.1) 

(eM , (!7.20) B 
171

), t3btqlle/leliHR npoBe.UeHbl ,llilSl enyqBSI t < R; OHH ReHO O OK83 biBBIOT , 

LITO HenpH'-IRHIIbJe l.fn9Hbl HpOHCXO.D.S1T HM€HHO OT BTOpOrO cnaraeMOrO B (3 . 12) 
1 

38 C4"9T 

KOTOporo Do 
He o6pa tuaeTcst a HYllh sHe caeTonoro KOHy ca. 

ncpexo.aHM K 8H8nn o y HCnpH4HHHbl X 'in9HOB . ACHMfiTO T JP·:9CKH A BHD. 10 • np.11 

R'\ >> I " I R - t I •\» I 

cix sin x 

fi OTIYlf89M 

C fiOMOlllbJO 8CifMfiTOTH'-19CKHX cj.JopMyn .anst cix 

COS X _ _ x _2_ six == -~x - ~-
x X 2 

- i I I R /\ 'li 1 1 1 
--t O (t - R)(t-R) ,\;re + _:_· - -icost~ -l-- + - -- 1·1 . 
rrR ,\ R 1\ ,\ R - t R+ t 

H six 

(3. 13) 

(3.14) 

K a K aunno , npH TGKHX R 11 HenpK'H{HHble l.fnQH bl M e H btUe npH4HHHOf'O , n o 

KpaAH e A Mepe, B I R -tl .\ pa3 , T.e. OHR cne.ay 10wero nopRn Ka MnnocT\.1. B .nononHHTenb-

HOl\ OI'OBOpKe ! R -t! .\ » 1 'I e oeTOHT YTOqH e Hlle npH 6/I II>KeHHR peaynhTB TB CT B p biX pae'!e

TOB 38.U B 'IH (eM, , H811pllM e p ,
11

•
21 

), rJpH BpeMeHax , 6ni!3 KHX K R/c , BKIIB.U HenpH'IRHHOI'O 

q n eHa epaBHHM e llp;!'J HHHhlM (eM • .u a n ee). 

A e RMOTOTI!qeeK.! A BII.U Iy npH 60/lbWIIX I R( :!: )'-t i \) j '< I (R -t)(:!:y+ ; :\)I . 

rlpH 6 on b WHX MO.G.f liSlX a pryMe .,Ta E[zl -= Ei(· z ) expz ;; - 1/ z 

e ·Yt 
I 
Y• 1T 

R .\ -1 . , , , -R) _:~l!..=_R) IRA , . · -- .\rr ~ -+ . (\ • .t cost'\ --2 - f __ I _ 
!\-t / t-R . 

] .t 
R+t 

(3. 15) 

I L\ - - i ~ i cn rtR. ;v;-, c 
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Ecna y t Mano , TO aenpH'IHHHbie qneHbi no-npe>KHeMy M oeHbwe npH'IHHHoro npaMepHo 

B I R-tl ~ paa . npa 15onbWOM yt K8pTHH8 M eHSieTCR. Tor .a a e-yt ch y t : Y, a 

e · Ytshy(t-R);:: e-yR/ 2 H 

I 
ya 

i 
1T 

_1 __ I O( t -R ) ~ · YR 

e 
IR~. •yt 

TTe + 1e 
~ 1 1 

R~ 2y 
· cos t ~~ ·[-----] 

u '\. y 2 t- R t+ R 
(3.16) 

+il 
R 

~ I 
LU+? 

BTopbiM qneHoM a.aecb . MO>KHO npeael5pe'lb. O.aaaKo TpeTHll aenpH'IHHHbil! qneH cTaHOBHTCR 

rnaBHbiM .aa>Ke npa t > R , ecnH 

1T -yR 1 y 
-2- e <R ~2 + y2 . (3.17) 

npa .llOCT8TO'IHO OOnbWOM R 3 TO paseHCTBO cnpase.anHBO. 

- R/ c , nocKOnbKY OH oooRCHReTcR 0TMe'leHHbll! ¢8KT HMee T MeCTO H n pH 

rn a BH bJM OOp830M TeM, 'ITO npH OOnbWHX y t 
-yR 

npH'IHHHbiJI qneH CO.aep>KHT M8nbiJI MHO-

.>KHTenb e 

Ha>Ke npe.anaraeTCH HCTOnKosauue :3Toro staneaas. 

npe.asapHTe nbHO OTMeTHM, 'ITO HeCMOTpSI H8 BB9.lleHRe 38TYX8HHSI /.lnSI ypOBHel! 

I H 2 aToMa B , IY npa He CTp9MRTCR K HyniD. 3TO 00bSICHSI9TCR OTCyTCTBH-

eM B p8MK8X BTOporo npaonR>KeHHSI B38HMO.ll9l!CTBHR, nocpe.llCTBOM KOTOporo B Mor 6bl 

BbiCBeTHTbCR c ypoBHR 2. TaKoe RBneHHe HMeeT MecTo H B npocTel!wel! aa,o;aqe nepexopa 

aTOM a c o.aHoro ypoBHR c wHpHHol! y
1 

, Ha ,o;pyroll - c wHpRHOl! y 
2 

c HcnycKaHHeM 

HnH nornoweHHeM <PoToHa. AMnnRTy.aa sepoRTHOCTH Haxo>K.aeHHR STOMa aa KOHe'IHOM 

ypOBHe B H8RHH3 WeM nopSI.llK9 T 90pRH B03MYlll9HHl! npH OOnbWHX BpeM9H8X CTpeMHTCR 

K K 6 HCT8HT9, 8 He K Hyn10. 

npeoon8,ll8HHe HenpH'IHHHOrO qneHa MO>KHO OObRCHHTb TeM, 'ITO 380pOC B COCTOSIHHe 

28 c ero noMOlllbiD B03MO>KeH y>Ke cpaay nocne MOMeHTa t = 0 , H 3TOT 3¢¢eKT yobJBa-
· 2 

e T C poCTOM R K8K R .npH'IRHHbllt qneH H8'1HH8eT BHOCIITb BKna.a nocne MOM9HT8 

R/c , Ko r.aa KOnH'i9CTBO aTOMOB B B cocTOSIHHH I y>Ke yMeHbWHnocb .ao e·YR -Toll 

.llOnR OT nepBOH8'18nbHoro KOnH'IeCTB8. 8 peaynbT8Te 'HenpH'IHHHbll!' M9X8HH3M npeol5na

.ll8eT npH yCnOBRR (3.17). 

npose.ae HHbll! 8H8nH3 B OCHOBHOM K8C8nCR Bp9M9H, OTCTORUlHX OT R/c H8 MHOrO 

nepaoaos 1/ ~ • 'iRcneHHbill pac'leT noK83blB8eT, 'ITO s15naaa R/c HenpH'IHHHbll! qneH 

cpSBHHM c npH'IHHHhiM. Paa 3 TO TaK, TO a onbiTe, HMeiOmeM uenbiO aaMeTRTb HenpuqaH-

Hblll qneH, .QOCT8TO'IHO 15paTb R.,. 1/ ~ ecna R 6onbWe .anHHbl sonHbl 1/ ~ , To 

aenpH'IHHHblll qneH see piUIHO aaMeTeH TOnbKO B o15nacTH (R-1/~,R) • BonbwHe R ae-

>KenaTenbHbl, nocKonbKY nonHaR sepoRTHOCTb 3¢¢eKT8 yMeHbwaeTCR c pocTOM R KBK 
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-2 
R ( '3TO T9M 6on ee OTH OC HTC!I K C11y'IBIO y .f. 0 , XOT!I npH H311H'IHH 3BTYXBHH!I Henpu-

'IHHHbiA qneu aaMeTeH H sue o6nacTH ( R- --i-, R) npR ycnoBHH (3.17) ). 

2 
Ha puc. I npKBOLI!ITC!I rpaqJH KK ¢yHKUKK I rr IY I npK R 1\ c rr /2 .am• c nyqaes 

y= 0 H y= !'!. ( ~ nor;ne.aaeM cny qae ncnonb.'30BB11HCb Ta6nnub/ 
131 

). 

§ 4. KynoHOBCKoe saauMo.ae llcTBH e 

nocpe.ac TB OM KynoHOBCKOro 838HMO,::tellcTBK!I :;me.KTpOHOB H c (eM. (:t.2)) nepe.aa qa 

B036y.>K.U9HK!I OT OLIHOrO BTOMB K .apyroMy npOHCXOLlHT B nepBOM ll0p!I.UK9 TeOpKH 803-

x) ( / 3/ ( ' ) MYlll9HHi! CM , , ¢opMyna 29,9 

i'' (t)=-·< AB*IH I A*B > 
AO • 

- 2yt 
e 

2iy 

-1 

2 3 8 _,. ..... 1 .... .... 
<AB• I ll I A*::!>= _e_ rr d xAd XB w! (x~ wr. (xo)~ wA , (x~ wB(xB) . 

0 

2 ' lxA - x!JI 

Ey.a.eM C"'HT8Th, "'TO ueHTp aToMa A pacnono*eH 8 uaqane KOop.auuaT, a uewa•p 

(4.1) 

(4.2} 

!3 

HBXOLIHTCII B TO 'IKe R , Tor.aa, K8K npa8H110, X A/ X 0 < 1 (8epOIITHOCTb o6paTHOrO Hepa-

8eHcTsa npeu e6 pe>KHMO Mana npH 

I ~ - ~sl J xi+ x~ -2 xAx 0 cosa 

R » a 
0 

). l:3cTa8HM 8 (4.:.!) paano>Keuu e 

~ L 
~ PL ( cosa) (~) , 

Xn L=O Xn 

(4.3) 

a epuoe npK xA I x
8 

< l. MaTpH'IHblll aneMeHT OT nep8oro qneua aToro paano)l(eHKH pa8eH 

uyn10 us-aa opTorouanbHOCTH 8011HOBbiX ¢ YHKUHll. Cne.ayJOLUHll qneu paseu 

~ 
XB 

\_~A · ~ sl 
XA XB 

-;a 
B 

~ ~ 

(itA ( R +X)) = --1, (~A R 
XB 

1 ~ ~ 
+-(X X), 

x8 A 
8 

(4.4) 

nepsoe C1!BrBeM09 8 llp880ll 'IBCTH (4,4) SI811!19TCH KOHCTBHTOll llO OTHOW9HKIO K 
~ 

c¢epH'I9CKKM yr11BM B9KTOpa X 8 , H MBTpK'IHblll 3119M9HT OT Hero paBeH HynJO K3-38 
~ 

OpTOrOHS11bHOCTK ¢ yHKUKll W ( ~8 ) H 
B • 

w
8 

(x
8

) • B pesynbTBTe 

a< IJ 
A8• 

(t) =i~ 
2 

-2yt 
_e __ -1 ! 1 ~~ 

2y- · RS (dAds) + ... l 
(4,5) 

x) 
Ecnu H.apa He 6ecKoHe'IHOTSI>Kenbte, TO TaKaS! nepe.aa'la MO>KeT npoucxo.aHTb H 

H 38 C'I9T KynOHOBCKOrO B38HMO.U9liCT8Hll 3119KTpOH8 BTOMB A C !I.UpOM BTOMB B , 
CooTseTCT8YJOLUB!I aMnnHTy.aa OKB3biBBeTCll 8 m 11.apa I m :31IBKTpoua p as MeHbWB, '-

'tleM BbiqHCnHeM8H .a.anee 8MllJ1HTy.na 3 J19KTpOH-3J19 KTpOHHOrO B 38.H MO.C.9ACTBHR. 
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1 a ' 
c TO'IHOCTblO .ao 'lJleKo8 nopR.aKa R ( ~ ) o r.ae •a -paaMep BTOMOB. XoTH nonyqeKHBH 

MrKoBeHHBll KynoH08CK8ll nepe~B'IB BOa6y>K.aeHHll HMeeT nopH,1lOK 1/R 
3 

, O.LIH8KO H8 pac-

CTO!IHHSIX R- 1/1\ ero BMnnKTy.aa Cp88KHM8 C 06MeKHOll 0 8hi'IHCneKKOl! 8 npe.abi.lly!UeM 

naparpacj>e. Ha pHc. 1 

w (tl = .!-- ~I i 1
' I 

2 

2 • -2Yt 2 2 
uaaeceua KpH88H 3 <-;-) ( e ·1 I 2 ) = (rr I c ) 0 npe.acTB8nH!OlllB!I 

c S AB• 
8 TOM >Ke MBCWT86e 0 'ITO H H306p8>KeHH8ll TBM >Ke 'IBCTb aepOliT"" 

HOCTH w(t) 0 06H38KK8ll 06MeKy IIOnepe'IHhiM cj>OTOHOMo 

3aMeTHM
0 

'ITO ,aa>Ke KOr,aa MO,aynH KynOH08CKOl! H 06MeHHOl! 6MnnHTY.1l Cp88HHMbl no 

senR'IKH9, HX HHTepcj::>epeHUHH He MO>KeT npHBeCTH K HC"'e3HOB9HHK> nonHOA 8Mfll1HTy.Obl BCIO-

.ay 8 HHTep8Bne ( 0, R/ C ~ noCKOnbKY OKH no-p83KOMY 388HCHT OT R R I • 

§ 5. 06 O.llHOM .1lOK836TenbCT8e KayaanbHOCTH KB6HTOBO-aneKTp0,1lHH8MH-

tteCKOrO B38KMOJJ.9ACTBHSI MB>KJJ.Y 38PSI.Q8MH 

06uapy>KeHH8H MrHoaeKHBH nepe.aaqa soa6y>K.aeKHR npoHcxo.aHT Ha-aa uepaaeHCTBS 

. c 
uyn10 D (x) 8He caeTOBoro KOHyca H Ha-aa KynouoacKoro B38HMo.aellcTBHR. VIMeeTc!l 

pH.O. pa60T, 8BTOpbi KOTOpbiX .llOK83bJB8K>T, 'ITO H9CMOTpH H8 :3TH o6CTOSITenbCTB8, B38HMQ-

.o.eACTBH9 Me>KD.y JJ.BYM9 38pH.D.8MH, BC9 >Ke U911HKOM 38fi83.0.biB810Wee, npH'IHHHOe. ~ Haa-

6onee o6well cj>opMe a TH .aoao.abl Hano>KeHbi a pa6oTe C. T. Ma
1 141

• TaM paccMaTpHaaeTCH 

MSTpR'IHbll! aneMeHT 8H.U8 (2.4) 0 HO OT S -MaTpHUbl ( HHTerpHp088HHe no BpeMeH8M OT -

.1l0 + ~ ) H 8 nopeHTUOBCKOll KBnH6p08Ke1 J<or.aa o" =o o· 
IJ.ll t,LV 

4 4 . 11. c . Jl 
M=fdxfdyJ (x)D(x-y)J (y). 

B • B AA• 

(5.1) 

c 
noKB>K9M 1 liTO D , r.ae 3H8'1KH (-) H (+) 03H8'18!0T COOTBeTCTBeHHO, 

+ 
D + D 

a de r et 

0TpHU8TenbHO - SHepreTH'IeCKY!O H nonO>KHTenbHO-aHepreTH'IeCKY!O '18CTH COOTBeTCTBY!OlUHX 

<j:lyHKUHl! (T,e. B RMnynbCKbiA 06pa3 3THX <j:lyHKUHll ,1]0lJSBneHa 0(-k
0

) HnR 8( k
0

) ). 

fila COOTHOWeHHll 
(-) 

(+) 
D (X) = 0 ( X ) D (X) = 0 (X ) D ( X)+ 0 ( X ) D (X) 

ret 0 . 0 0 

D (x)=-0(-x )D(x) 
adv 0 

(5.2) 

c ~) ~~ 
D (x)=O(x)D (x)-0(-x)D (x) 

0 0 

BbiTeJ<aeT (cpaauH
1151

, OpHno>KeHHe): 

(·) 

D (x)=D
0

(x)-D (x) 
ret (5. 3) 

(+) 
D (x) =D (x)-D (x). 

a dv 
(5.4) 
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nonO>tOt:TenbHO - q8CTOTH 8 SI qSCTb paseHCT88 ( 5.3) H OT p HU B TenbK O-qSCTOTHS!I 'ISC Tb ( 5.4 
(+) c(+) 

HMelOT 8R.1l D = D 11 ... (·) c(-) 

D = D 
adv 

cooTseTcTa eHHO , oTKy.aa H cne.nyeT De= D <-> + o 
&d Y 

.[l.ng Jl106biX ¢yHKUHi:t, paanar8!0LUHXCSI B KH TBrpan 'Pypbe, HMeeT MBCTO COOTHOWBH P 

~ :!: 
r D (X -y) i_.(y) dyo '"' {D (ko) 0 ( +ko) j (ko) O(±kJ dko= 0 (5.5) 

0o3TOMY 

M = f( • ' {(xJ( D<·l + D<+>l[ i" IJ. 
d X d y 

adv ret + 
(y) + j ( y) I·= 

(5.6) 

' • iu [ D /' + D t I o • =rr d X dy 
ad v ..... re t + 

EcnH TOK t (y) TIIKOll 0 'ITO /'(y) = j p. (y) o TO 
(+) . ' 

M=ffdxdy 
(5.7) j~'(x)D ( x -y)/(y). 

r e t 

T.e. aaaHMo.n.eAcTBH e Me>K.o.y TOKBMH tiHCTo aanaa.llbiBBJOlltee. MaTpHttHhiA aneMeHT TaKa. 

,an !I KOTOporo j U ( y )= j IJ. ( y ) 0 co.aep>KHT TOnbKO nono>K RTenbHO-aKepreTH'IeCKHe COCTSB
(+) 

JlSI!OWHB, 3HeprliSI HB.tf81lbHOrO COCTOSIHIHI 601lbllle aHeprHH KOHeqHQr0 1 H MO>KBT 6biTb HC-

nyweH cjJoToH (c nonO>KHTenbHO!! auepnrei!) • .[lnR 'ISCTHoro cnyqag j (y) = 
~ AA• 11/ 

= i 0(Y ) exp i ( E A- EA•) y0 , EA,> E A peaynbTST (5.7) .1lOK838H B § 37 KHHrH • 06o6we-

Hiie cnoco6a paccMoTpeKKR Axueaepa u 6epecTeuKoro eM. a KORue rn . 12 KHHrH Tuppnu

/16/ 
r a 

OoKa>KeM o 'ITO aTo paccy>K.aeHKe ue uMeeT OTHoweKHSI K rrpo6neMe CKopocTK 

pacnpocTpaueuuR curuan a . 

nepBS!I npe .anoCblnKa B bl80tlll - COOTHOWeRHe (5.5). VIHTerpHp088HHe no 8peMeHH 

To1M tlOn>KHO BeC1'HCb B 6eCKOHB'IH bi X npe.aenax, tiTOp8!1 rrpe.anOCbinKB- / (y) = jll (y)-
x) + 

HCKniO '"l8BT B03MQ)KHOCTb JlOK8JlH30B8HHblX 80 BpBM OHJf TOKOB • 3TO 03HaqaeT t qTQ B Cym-

H OC TH p8CCM8TpHB8eTCH CT8UH OH8pH8Sl aa.o,aqa B38HMOLIB-A:CTBHSI .O.BYX TOKOB THll8 pacCBRHH 

31lB KTpOHOB, CB060JlHbiX npH t ""' - roo u t = + ~. ti CTSUIIOHapaoll aa.aaqe HeT pacnpocTpa-

HBHHR CKrHana • .[lng nepell.8"1H CHrHllna HCl,llO B K 8KoA-TO MOMBJJT JlOK8nbHO R3MeHHTb Bpe

M CHHOi! XO.o:I TOKS (He 113Meii!IS! e ro pBHbUJe). TaKOl! TOK HF.! 6y.aeT nonmKI!Tei!bH0-"18CTOTHt 

n1060I1bJTHO 3aM e THTb1 "''TO B pBMKa X aan al!fl CO CB060,aHbiMH 3neKTpOHBMH B Hattane 

H B KOHUe TOT }J{ e M8TpH:~HblA aneM 8 HT M MO>KeT 6b!Tb npKse.aeH K BR.lly 

X) 'Pyp=: -o6p83 <j:lyHKUIIH j( k
0

) 0 ( k 
0

) !IB.OS!eTC 7. 8H8nl!TH'IeCKOl! cj>yHKUllell 8peMeHI! R 

ue M O>Ke T o6pawaT bCR a uynb B HHTopa a ne speMeH ( - ~ , t 
0

) , uanpuMep. Hao6opoT 

noxanH30BBHHhiit 80 BpeM9HH TOK HO TOI'i :>Ke IlpHttHHe He MO>KeT 6hiTb ttKCTO llOnO}KHTenbH 

'-18C TOTHbiM . 
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noJlO)IOITeflbHO - q8CTOTH8SI '18CTb paa eHC T B8 (5.3) H OTpHU8TBUbHO- q8cTOTH8R '18CTb (5,4) 
(·) 0(•) 

HMBIOT BR.ll 0(+) ~ 0 c(+) H D = D 
o d v 

0 (·) (+) 
COOTBBTCTB B HHO, OTKY.ll8 H cne.nyeT 0 ~ 0 + 0 

'"' adv ret 

.[lu g UI06b!X cpyHKUH il, p83U8I'810 lUHXCR B HIITBI'p8U 'P y p b e, HMBBT MBCTO C OOTIIOWBHlle 

~ ± 
r D ( X -Y ) i_.(y) d yo "" (D ( ko) 0 ( + ko) j ( ko) 0( ±k J d ko = 0 (5,5) 

no3TOMy 

= r r ' 4 u (·) (+) .u (y) + j tL (y) ].= M d X d y j (x) ( D + D ] ( J+ a dv re t 
(5,6) 

4 • 
/' ( D /' 

.u =rr d X dy + D J ] .. 
a d v - '"' + 

Eci!H TOK t ( y) T IIKOJI, 'ITO j
11 

(y) = j(:l (y) , TO 

4 4 
M =(f dxdy i" ( x) D ( x -y) / (y), ... (5.7 ) 

T. e . B38HMO.D,8$tCTBHe M8>K.Qy T OKBMH tJ:HCTO 38fl83llb1B 8 10Lll88. MaTpHqHbiA: aneM8HT T OK8 • 

.llUR KOT OpOI'O jU (y)= j tL (y ), COABp>KHT TOilbKO UOUO>K HTB UbH 0 - 3 HB pl'BTH 'IBC KH B COC T 8 B 
(+) 

nSI.tOI.UH9 1 3HeprHR Haqanh HOrO COCTOSIHHR 6onblll8 3HeprHH KOHeqnor0
1 

H M O>K9T 6btTb HC-

nyweH cpoTOH ( C UOUO>K HTBilbHOl! 3 HBpl'HBil) , .[luR '18C THOI' O C Uy'I8R j AA •( y) = 
~ 17 / 

=i 0 (Y ) exp i( EA- EA , ) y
0

, E A ,> EApe3yUbT8T (5 ,7 ) .llO K 838H B § 37 KH HI'H 06o6me-

HII e cnoco68 p8C C MOT peHHR AxHeaep8 H Eepec T e UKOI'O CM, B KOHne rn. 12 KH HI'H T HppnH 

/ 16/ 

noK8>K8M 1 t{ T O 9TO paccy}f{.t1.8HH8 H e llM88T OTH OW8H HSI K npo6n e Me CKOp OC T H 

p 8CUpOCTp8HBHHR CHI'H llU8 , 

nep88R npe .lliiOCbiUK8 B b iBO.ll ll - COO T HOIUBHHB (5,5) , J.1HTBI'p HpOB 8 HH B no B pBMBHH 

TllM LlOU>KHO BBC1'HCb B 6eCKOlie'IHLlX npe .llBIIOX, i:lTOp 8 R UpB.llUOCLin K8 - i" (y) = j[l (y) -
x) + 

HCKnJo q aeT B03M O>K HOCTb n OK8nH30B8HHblX BO BpeMeHJ.f TOKOB 3 T O 03H 8 '188T , 'ITO B cym-

HOC TH p aCCM8 TpHB88TCSI CTBUHOH8pH8Sl 38,naqa B38HM0.0.8HC T BH9 llB YX TOKOB T HllB p 8 CC9HHHSI 

:=>nex Tpo H oa , cao6onHhJX npH t""'- 1"0 II t = + ~. i:l CT8UllOH8p HOll 38.!18'18 HBT p llClipOCTpn-

H eHHSJ CHrUBnll . llnR rtepe.a,a'-lH CHrHD.na HD.LlO 8 K8 K O A-TO MOM9JJ T n o KanbHO K3MeHHTb Bpe

MCHHOl\ XO.O TOK8 (H e H3MCIIRSI B I'O pOHbWe} , TaKOll TOK He 6y.neT UOIIO>KHTB•lbH 0 - '18CTOTHbiM, 

nf060llbiTHO 3llM e TUTb, liTO B p a M KBX 3B.llll'1H CO CD060,aHbiMH 3 n 9 KTpOHaMH 8 Ha~Iane 

M MO>KBT 6bJTb n p HBC.llBH K D H.lly 

x) 
<Pypbe-oCp 83 cpyHKUHH j(k

0
) O(k

0
) nanReTc >: 8H8mtTH 'IecKoll <PY HKU>te ll apeMeH H K 

He MO >KB T o6paiU8TbCR a uynb a ltHTepaane apeMcH ( - ~, t 
0

) , Hanp u M e p. H8o 6opoT 

no.xanH308.'1H HbiA 80 BpeM9HH TOK flO TOil .>Ke tlpHLIHHe He MQ)KeT 6b1 Tb L{ H C T O fi OnO>KH T e nbHo

Y:aCT0THbJM. 
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M=~ ( U y U )(U' · y U' · ) l k k 
U B • Jl 8 A IJ. A • 

(5.8) 
2 - ~ 
~ ( u Y, u ) ( u ' . y u ' . ) I k.., k "- ( UB. y u ) ( u ' . y u ' . ) I k 2 

t=t D • t B A t A• 0 B A 0 A• 

c noMOu.tbJO npouenypht , H3JI O}!{eHHoll a 
191 

UenHKOM npH '<K HHbtll, corn8CHO M8, M8TpH'<Hbtll 

3J1eMellT B 3TOl\ cj:>opMe COL!ep}!{HT RaHO MrHoaeHHOe KYJIOHOBCKOe a38HMOL!ellcTaHe (a HM 

nyJibCHOM npe.UCTBaneHHH) , nocKOJlbKY npoue .aypl) <Pel\HMBHB/g/ rO.UHTCll TO}!{e TOJlbKO .£lJ1ll 

38.£18'< co caot5o.aHhiMH aneKTpOHAMH, npe.acTaaneHHe (5.8) He .aoKB3bta8eT t5ecKOHe'<HOll 

x) 
CKO p OCTH CHI"'HBnB B KB8HTOBOA: an9KTpO.llHH8MHK9 TQqHQ no T9M >K9 npHtiHHBM, llO KOTOpbiM 

npenCT 8aneHHe ( 5,6) He .£lOKB3bia8eT ee KOIIB'IHOCTH, 

§ 6. OnhtT no H 3MepeHHJO caepxcaeToaoll cKopocTH nepe.aa '<H ao3oy}!{.aeHHll 

BKpa Tu e pe3ynbTBThi pacqe Ta 38.£l8'<H ot5 ot5MeHe ao3oy}!{.aeiiHeM caO.Ul!TCll K cne.ayJO

u.teMy. J::l npHHUHITe HMBeTCll aepO!!THOCTb nepe.£l8'1H a030Y}!{.£leHHll C JI IOOOl\ CKO p OCTbl0 0 

t5onbu.tell c , o.a u aKo, 3BMeTHbiM ot5pa3oM apeMl! ao3t5y}!{.aeHHll MO}!{BT onepe}!{BTb MOMeHT 

R/c T OllbKO HB aenH'IHHy ITOpliL!KB nepH0.£18 KOJ1eOBHHll >J C aOJ1Hbl cPOTOH8 C 3HeprH el\ 

I'!.=E2 -Et ( TO'IHO >J C onpe.aenl!eTcll K8K 2rrh/ E
2

- E
1 

). 

H OfibiT9 1 COOTB9TCTByiOLU9M peweHHOA 38,ll8'19 1 H8.00 o6ecnetJHTb npe>K.ae acero, 

'ITOObl aH8'{8J1e 8TOM A OhiJl ao3t5y}!{.aeHHhiM, HO cj:>oToH oa He obmo. 3Toro MO}!{HO .aocTH '< b, 

H8npHMep, OhiCTpbiM ao3oy}!{.aeHHeM BTOMoa A • Cne.ayJOwee oqeaH.aHoe Tpet5oaaHHe: Heonpe-

.neneHHOCTb r a MOMBHT H 8 '<BJ18 a030Y}!{.£lBHHll BTOMOa A .£l0J1}!{HB Ob!Tb MBHbu.te AI c 

HB O.O.HH HnH JJ.BB ll0p51JJ.K8 , 3a H8t{8nhHbilt MOM9H T t = 0 

BOaf5y>K.ll9HHH 1 XOTSI B03MOMH0 1 'ITO TOnbK O "18CTb 8TOMOB 

Mbl npHHHM89M MOM9HT HBqana 

A ycneeT ao3t5y.aH T bCll 38 ape-

MH ll 0pH.llK8 H9CK OnbKHX , 3TO 03H8'18BT npeyMBHbllleHife HBITpH'IHHHOro 3cPcPBKT8 0 HO T 8-

KOe npeyMeHbu.teHHe HeH30B}!{IIO. HaKoHeu, cj:>8KT nol!aneHHll B T OMOa B* TO}!{e .aOJI}!{BH 

perHCTp11poa8TbCll obtcTpo cpaaHH T enbHO c >J c 

KaKH e HBaMeHhwHe MOryT ObiT b .UOCTHrHyTbt? npe}!{.ae ac e ro C8Mblll CHrH8 ll 

( npHK83) 0 H B 'I BJIB a030Y}!{.£lBHHll HMBBT HBKOTOpy!O HB'IBTKOCTb Caoero H 8 '18 J1 B , J::lll OJIHB 

-to 
.aoCTH}!{HMoll a p a.aHoT eXHHKe l!anSi e TCll H B 'IBTKOCTb nopll.aKa 10 ceK. H eonpe.aen e HH OC Tb 

a MOMeHT H8'<BJ18 caMoro ao36y}!{.aeHHll MO}!{eT OhtTb TOnbKO 6onbllle. OTC J0.£18 cneayeT, 

'<TO >.I c .aon}!{IIO 6btTb He MBHbllle. I 0-
8 

ceK, '<TO cooTaeTcTayeT A= 2rr h c fl'!.> 300 eM. 

x) 
H e 'ITO 8HanorH'<HOe acTpeq8eTCll H a KnacCH'<BCKoll penl!THaHCTCKO ll aneKTpOllHHa

MHKB, l!aJil!JOU!Bl!Cll CTporO npH'IHHHOl! TBOpHel!, <PopMyny .£lllll H8ITpli}!{BHHOCTH ~ ~ 3 llBKTpH

'IBC KOr O non!! p aaHOMepHO .aaH}!{yu.terocl! 38pll.aa MO>KHO nepenHCBTb T 8K , 'ITO E t5y.aeT 38-

aKceTb OT paccTOliHHll MjfflY 3Bpll.£l0M K TO'IKOl! H80J1JO.UeHHll a CBMbill MOMBHT H BOITJO.Ue-

HHll (eM. K OHeu § 63 a ) . TaKoe oTcyTcTaHe 38ITB3.£lbta8HHll He ae.aeT K ao3MO}!{Ho-

CTH MrHOaeHHOtl nepB.£l8'1H CRrH8J18: p8BHOMepHO .aaK}!{yu.tRl!Cll 3Bpll.£l He MO}!{eT n epe.UBTb 

c HrHana . 
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AeTop He MO>KeT cea q ac n p e.a.nom H Tb ocywec T BHMhiH. onbJT, y.a.oaneTaopstJOWHii. 3THM 

Tpe6oaaHHRM . Mo>KHO TOJlbKO noKaaaTb, 4TO oHH a npHHuHne BbtnonHHMht . 

nycTb A 
2 

ypOBHell 2 5
10 

ecTb BTOM ao.a.opo.a.a. YpoaeHb E2 - o.aHH H3 .aeyx MeTacTa6HnbH biX 

1 HanpHMep, ypoaeHb c m == 'lS 

nyc T b 1 y poaeHb c m==- ¥1 • EcnH aToM noMe Lue H a MBrHHTHoe none, T O ~ == E
2
- E 

1 
M O>K8T 

B8pbHpOB8TbC5I BfiJlOTb .0.0 Hyneaoro 3H848HHR ( n epexo.n uC 

KHIH"'/
181 

) , 

H a pHcyHKax 4 H 5 B rnase VIII 

8 K8'leCTBe 8 TOM8 fi MO>KHO npellllO>KHTb CXOllHY!O TpexypOBH e BylO CHCTeMy , y KOTo

p oll ypoBeHb E I MeT8CT86HneH OTHOCHTellbHO nepeXOll8 B HH3Wee COCTOHHHe EO , n e p e -

(KaK H E !; E 
2B IB 

p aapeweHbi , H E-E « E-E 
28 1 B 1 B 0 

• 3Ta CHCT8M8 1 

H8XO.llHCb B C OC TOSIHHH E MO)K8T 6biCTpO Ll8T8KTHpDB8Tb KB8HTbl M8JlOJ:i :3HeprHH no 
I B 

ll0RBJ18Hl.UO KBBHTOB E -+ E ( H8npiMep , OTITH48CKHX; Bp8MR BbiCB84KB8HHSI T8KHX KB B H-
2B 0_ 8 

TOB B 8TOMe BOllOpOll8 - 10 CeK), T8K8SI CIICTeMa CXOllHB C TBK H83 b ! B8eMblM "KB8HTO-

BblM C'leT'Il!KOM" , npellllO>KeHHblM 6nOM6epreHOM / 
191 

OnbiT H8tUIH8eT cR c aoa6y>KLteHHR BTOMOB A 1 H axo.a.HWHXCSI .a.o 3 Toro a oCHOBHOM 

H8B036y>K.[l8HHOM COC T OH HH K , 80 BC8 .O.pyrH e COC T OSl HH H 1 B TOM 4HCne H B 2 S • 3 T o MO>K 

HO Cll.8J18Tb1 H8LlBHr'8SI 3J18KTpOHHbit\ nyqoK H8 06b eM , 38H SI T bi A 8TOM8MH A • b peMSI Ha.a

BHI""'8HHSI - 10-
9 

ceK , ecnH o6beM paaeH IO:lcM
3

, TBK 'ITO !'!. npHaeTcSI B3SITb cooTae-r

CTBYIOI.llH M ).. - 10 MeTpoa. 

Vf3B8CTH0 1 "iTO KB8HTOB8H C HCT8M8 H 8 MO.>K8T B036y.nHTbCSI Mf'HOBSHHO. BpeMSI B03-

6y.>K.U8HHSI MO.>KHO OU8HHTb H3 H3B8CTHOrO Bbip8)1{8HHSI LlJlH aepORTHOCTH B036y)I{.D.8HHSl 

(cM/
31 , § 29) 

I a <O I 2= 4IIII 2
sin 2 (cu 

w 
kO 

t/2 ) 
(6 .1 ) 

l-13 Hero cneayeT, 'IT O 38 apeMSI t << 11 w 38MeT Hor o B036y>KlleHH SI He npoH3ol!-
kO -! 5 

.aeT, O.aHaKo llllSI nepexo.aa Is~ 25 t - ____!_- 10 ceK, TBK 'ITO 3THM epeMeHeM MO>KHO 

npeHe6p8"ib. VfM8HHO TI03TOMy H npe.ana~a~TbQ TpexypOBH8B8st CHCT8M8: OH 8 MO>K8T 6biTb 

6hlCTpO B036y>KlleH8 H BMeCTe C TeM MO>Ke T HCllyCK8Tb MR I""' KI!e KBBHTbl , Y llByxypOBHe-

BOA. CHCT8Mhl BpeMSI B036y>KllBHHSI 6bl ll0 6bl U O p HllK8 1/ A , T , e , Cp8BHHMO C H3MepS1e-

MblM HenpH'lHHHblM onepe>KeHHeM ( KpOMe TOI""'O , T p yllHO 6b!ll0 6 bl r"'OBOpH Tb 0 B036y>KlleHHH 

eonHBMH llllH H Ol! 1/ !'!. T OllbKO a T OMOB A , ecnH a T OMbl 3 p acnono>KeHbl Ha paccTORHHH 

1/ !'!. OT A ) • 

MoMeHT R/c MO.>KHO on p e.aenH Tb, H anpHMep, K BK Bp9MH n pHXO.Q8 8 o6naCTb 1 38HSI-

TyKJ BTOMBMH B 1 o nTH"i9CKHX KBBHTOB O T B biC B e "iH BBIOWHXCH B T OMOB A ( c ypoaHeit 

2P 35 II T , .Q , H B HH>Kelle>KB~H e yp OBH H ), 3 TH K B 8HTbl pacnpOC T p8HR!OTCSI CO CKOpo-

CTblO C B rrp9Ll9118X OTIHC8H HOA HeOnpe.aeneHHOCTH B H a q ane B036y)K.Q8HHSI: LlllSI HHX 
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CornacHo KBBHTOB03neKTpo.aHHBMHqecKoMy p ac q e Ty c paay noc ne HB'-lan a aoa6y)l{.ae-

HKll { K uo MoMe HTa R/ c ) B OllbiTe llOII>KHbl p e rK CTpKpOB8TbCll B036y>KlleHKll CHCTeM 3 

Ha ypoaeHb E { T , e . Hs nyqe HK e 
2B 

E ..... E ) I t{TO, 
2B 0 

C ,apyroA CTOpOHbi, npOTHB Ope '-lHn O 

6bi . T 90pHH 01'HOCHT9nbHOCTH. 

npe.D.CT8BnReTC51 1 4.T O OCHO BH851 Tpy.UHO CTb npennO>K9HHOr0 B8pif8HT8 OfibtT8 COCTOH:T 

B MBnDt\ BepOSITHOCTH 06M9H8 B036y>K.OeHHeM C llOMOWblO MHrKOrO KB8HT8 ( p B.llHOKB8HTB ) . 

BepOHTHOCTb c noHTB HHoro H3 ny'-leHHH nponopuH o H anbH B t\ 
3 

H s na3epHoA npaKTliKe HM 

aoo6we npeHe6peraiOT. l:l Hawell 38):laqe w(t)- 1\
4 

• npH 1/A ~ toM, Ri\=rr/2' y = !'J. 

H A = l3=3 a 
0 
~ 3 · 0,59 ' 10-

9 
CM { qTQ COOTBeTCTByeT 3 H8 q eHHIO pllllKB/IbHOrO KHTerpan a 

R21 
llllll 8 TOM8 BOllOpOllll {cM,/ti/' § 63 TB6n, 13) nonyqaeTCll w(t=Y, R/c) - !0-"19, 

20 
'-{ToGbi HMeTb HBlle>KllY 06Hapy>KHTb 3cjJ<peKT, qHC/10 8TOMOB A H [l {a Me T8CTB6Hnb-

HbiX cocTOliHHliX) aon>KHO 6biTb nopl!ll KII qHcno Aaoraupox/ 

Cnoco6 yqeTa 3¢c}JeK T OB aaTyxaHHH, Hcnonb30BBH HbiA a 3TOA pa6oTe, H BJI HeTcH , 

KOHe1.J:H0 1 rpy6biM 1 XOTH H o6w.enpHHRT. 0CHOBHO.A uenblO 6binO fiOK838Tb1 'LJ:TO KBtteCTB9HHO 

HenpHqHHHbiA a<j:l¢ex T saTyxaHK eM He CMII3biBBeTcR. OaHaxo o6Hapy>K eHHoe npeo6n auaHH e 

H e fip1PH1HHOr O qJieHB npH 60JibWHX y t no,aaeTCH np8B.D.Ofl0.0.06HOMy HCTOJIKOBBHH!O, 

K Mbl npell/IO>KKM ewe OllKH Oll biT, OCHOBBH HbiA KMeHHO HB <j:>opMyne {3 . !6). 

YpoaeHb E
8 1 

Tenepb uon>KeH BbiCee•meaTbCII s a epeMll 1/ 6 {T, e . y-i\ ), a ypo

eeHb E
28 

uon>KeH KMeTb 6onbwoe epeMll >KH3HK. 6biCTpoll per KCTpauHK <j:laxTa nepexoaa 

aa ypoaeHb E 
20 

H e Tpe6yeTCHi o6wee (acHMnTOTHttecKoe) KOnHqecTao B T OMOB 3 , n o -

fl8BWHX H 8 3 T OT yp00 9Hb1 H8.ll0 H3MepHTb fl0CJI9 MOM9HT8 t » 11 t... 
I 

OnbiT npoK3BOllKTCll cneayiOWH M o6paaoM. VIs ynpaan i!IOWero nyHKTa S , pacnono-

:»<eHHoro Ha O.O.HH BKO BOM paccTOSIHHH OT A H B , o.a Hoape MeHHO c p a aH o?i cK o poCTbJO 

fl0Cbi/18lOTCH CHrH B JlbJ 

B9 1I b E 
1 

t H O He •J 

B 

xx) 

A K lJ , no 3 TKM CKrH8I18M IITOM bl 3 B036y>Kll810TC>< Hll ypo

OllHOI3peMeHHO c a oa6y>KlleHIIeM llTOMoe A • VlaMepS!eTcll 

KOnHqecTso a TOM OB I3 a coc TOH HHH Eia.aayx nonoii<eHHHx : a a paccToHHHH R = r./21\ o T A 

" Ha paccTOliHKH 2 R {eM. pKc. 2) 

x ) Ya f' :C>I '!eHHe xonR '!ecTea BTOMOB e eaeT K yeenl!qeHI<>O pas,.. e poe o6nac T e l! KMH 

38H SJ Tbt X 1 1.J: TO TBK IHlH HH B \.f e 89.Q.eT K YB9JlHqeHH lO Heonpe,neneHHOC TH BO apeM 9 HJ.f B03 6y)f(

ll9HHR H perHCTp8HH H. r locne .aHel3 .. IpH BO.D.HT K Heo6xo.nHMOCT' T ya e .'l.lf'IKTb A ' \.fTO yMeHb-

w neT w(t) • Ouuaxo a peay nbTBTe ace >Ke nonyqaeTCll BbiHI' ,>Uill , H6o w(t} -]/.\' , 
a ::.c!lct.JeKT yB 9 11Hu e nUH ,<. ,J1IH't9C TB0 a T OMOB npono pUHOH 3 Jl 9 H npOH 3 09.D. CHKIO 06be MOB , T.e. 

wecTotl c reneHH nKHeAHoro p B3Mepa. Tpy.aHoCTH, CIHJ38HHbte c HeHa6e>KH b iM ¢oHoM , 

auecb o6cy>Kll 8 Tb He CTOIIT. 

xx) 
3TO MOiKH O C ,Q enllT : ... C ll V MOill biD o6ny'lCHHSl O fiTH lf 9 CK liMH cjlOTOH8MH . fl e pexO.QbJ 

E
2 

..... l.\ C KJl h H o a a npeweHht no npe;x nono.iKeHHIO, H a n36yK- .aeHHe Ha ypoa e-Hb E
2 

6y .a eT 

HBnwrbC s:t TOIIbKO ¢oHOM • .QocTaToqHo 6bi CTpyiO no.a.aqy o ll T H·l 8 G KI'J ro ny tl!t. .:J. HB D.TOMbt D 
MO.>KHO ocymecTBH 1'b <. H 'JM 0~H, H'leAKu: Keppa. 
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p " c . 2. 

no <jJOpMyne (J. 16) 8CKMI1TOTK'IeCKOe KOnH'IeCTBO T8KKX 8TOMOB (npH 

6yneT nponopuHoHan bHO 

t » Ric 

a nono>KeHHH - B flOIJO>K eHHH 3 2 
, T,e, B 30 p aa MeHbwe. EcnH >Ke 

11 

B9pH8 T80pHS1 OTHOCJiT81JbHOCTH 1 T O 3 TO OTHOW8HH9 MO>KHO fl0.0.CLIKT8Tb IJK60 C flOMOll.lbJO 

onHoro npK'IHHHoro 'lneHa s (3.16), nH6o nyTeM cnenyJOwHx npoCTbiX coo6pa>K OHHil. 

npe>Kne BCero <jJBKTOp ynnoeHHOrO p8CCTOHHHH naeT K0 3<j:JqJ HUHeHT l/4, .Llanee , ecnH 8TO-

Mbl H nepeXO.QSIT B COCTOSIHH8 E
0 

TOnbKO nocne speMeH RIc H 2RI c COOTB8T C T B8HHO • 

T O HX fl011Hb18 8CHMflTOTH'I8C KH e KOIJH48CTB8 8 3 TOM COCTOSIHHH .O.OIJ>KHLI 6bi Tb npo nopuHo-

HUIJbHbiM H KOIIl.Pl8CTB8M 8 T OMOB 8 B COCTORHHH E
1 1 T <' 9CTb He ycn e BWHM Bbi-

CBeTHTbCH KO npeMeH8M Ric H ~Ric , no:>TOMY OTHOWeHHe non >KHO 6hiTb p8BHbiM 

\~ e • 
2
Y

2 
R/o I e ·•YR/c = 0,01 ( KOHCTBHT8 pacnana pasHa 2 y ) , KaK y>K e rosopHnoc b 

B § 3, llOIIy'leHHyiO TpOeKp8THYIO p83HHUY MO>KHO o6'bstCHH Tb TeM, 'ITO "HenpH'IIIHHOe" 

noseneHHe w (t) "npowynhiBaeTcst" 6biCTp opacnanaJOWHMCst neTeKTopoM (a 3TOM CMblcne 

011 HrpaeT onHOBp eMeHHO pOn b 8TOMHbiX '18COB) , 

ilOCTOKH CTBOM T8KO f'O B apK8HT8 Ortb1T8 stBIJs:t 8 TCR B03MO>KHOCTb H3M8pS1Tb KOIIH'ie-

CTBO D* • 'He TOpOIHICb*, He.nocTBTKOM - Heo6XO.O.HMOCTb K3M8pRTb B flOIJO>K8HHH 3 
2 

B8pOSITHOC T b 9Ul9 U8 JJ.B8 nopSI.llK8 M 8HbW y tO 1 H8>K81JH H 683 TOr O M8118R BepORTHOCTb 

a n ono>KeHHHH D 
1

• 0K83btaaeTCH 1 tJTO npH y < ,\ 

C51 1 T 8 K qTQ .llnSI OfibiT 8 H8.00 1 '!T06bl y > .~ 
3 T8 TpynnocTb ewe 6onee y cyry 6n st eT-

KaKHM cnoco6oM MO>KIIO yaenii'IHT b sepostTHOCTh nepena'IH soa6y>K.O.eHast? Onnol! 

H3 npHlllUl ee M8110CTH B o6Cy)f(Jl9HHOM B8pH8HTe OllbiT8 SIBnH9TCH Mdi18SI aenH'!KH 8 8TOM

HbiX nHnOnbHhiX MOMeii TOB, J.1any'IBIOW8H C>fCTeMO non>KHa HMeTb 60nbWHe :><jJ<j:JeKTHBHble 

paaMepbi, HoaMO>KHO, 'ITO nnR ycnexa OllbiTa HY.>Kito Hcnonb30BBTh KBKoA-To 6biCTpo 

B036y>KJl89MhiA KO~,neKTHBHhiA npouecc, ConpOB O>KD89MbiA MOlUHblM p 8DHOH3nyqeHH9M. 

06bi'IItbie r el!epaTo pbi panHosonH e oa6y >KnaJOTCR s Te'leHRe MHorKx n e pHonoe uanyqaeMoro 

KOne6BitHH, 
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? 

§ 7. 06Cy)K,aeHHe HeKOTOpb!X B03MO>KHbiX TeopeTH'IeCKHX B03p8)K eHBll 

1. Jj C BH3H C npe.ano>KSHHbiM OfibiTOM 06bi'JHO Bbtp8>K 89TCSI COMH9HHe: ll03BOnH9T 

.'IH COOTHOW9HH9 H90llp9ll.9n9HHOCT9A i\Ei\t ~ h r OBOpHTb 0 TOM HnH HHOM ll0B9Ll9HHH 

w(t) B KHTepaane BpeMeH ,anKHOll 1/ !'J. , MO>KHO flK I"'OBOpKTb 06 onpe,aeneHHOM Haqanb-

HOM COCTOSIHKH (c onpe,aeneHHOll 3HeprKell B '18CTHOCTH) B onpe,aeneHHblll MOMeHT Bpe-

M9HH H T. n. 

npe>K.ae acero no,aqepKHeM, 'ITO B Hawell a a,aa qe apeMSI aoo6me SIBnSie TCSI napa-

MeTpOM, K COOTHOWeHHe .'J. E i\ t•~ h 

pblll HMeeT COOTHOWeHKe !'J. p !'J. X ~ h 

BO BCHKOM cnyqae He HM99T TOl"O CMbiCnB, KOTQ-

( /~0/ 
CM., HanpHMep, , § 113). HaK6onee rny6oKo 

121 1 -
., 3TOT son poe nocTasneH H P! apeweH llH£8KOM ,;. nose.aeHHe ¢H3H"''9CKOA CHCT9 Mbl 

npa CMeU.teHKSIX, BpallleHHSIX H nopeHTUOBCKKX npeo6pa30B8HHSIX ( CIO,ll8 BXO,llSIT K BpeMeH

Hbie C,llBHrH, T.e. ll0B9ll.9HH9 BO Bp9M9HH) H3B9CTHO, ecnH fK838H8 CHCT9M8 QJH3H'I9CKHX 

B9nH'IHH THll8 1"8MHnbTOHH8H81 nonHOl"O HMnynbCa, MOM9HT8 H T.n . no LJ.HpBKy 38.0.8'18 

llOCTp09HHH .llHH8MHKH CBO.O.HTCH K H8XO>K.09HHIO T8K01"0 Ha6opa 3THX B9nHttHH, KOTOpbt9 1 

y,aoaneTBOpSISI CBOeMy onpe,aeneHHIO (nepecTaHOBO'IHbiM COOTHOWeHHSIM HeO,llHOpO.llHOll 
~ 

rpynnbi nopeHJI'U8) 0 KOMMyTHpyiOT BMeCTe C TeM C onepaTOpOM BpeMeHH I . • nocKOflbKY 

3T8 38Jl8t{8 peweHS, B p8MK8X llOCTpOeHHOA .llHH8MHKH RBnR9TCR C -qHCnOM. C 3TOA 

TO'IKH apeHHSI ypaaaeHae Wpe.aaarepa onpe.aenSieT TOT Knacc cj)yHICUHll, a npocTpaacTae 

KOTOpbiX SIBnHeTCSI napaMeTpOM. 

B Hano>KeHHH onbiTB B § 6 aonpoc pewea npocTo nyTeM yitaaaRHSI KOHKpeTHoro cno

co6a 6biCTpOI"'O npHI"'OTOBneHHSI K pei"'HCTpaUHK Hy>KHOI"'O HaM COCTOSIHHSI. 

2. Cne.ayJOlUHll aonpoc - o cooTaeTCTBHH npe.ano)KeHHoro onbiTa peweaHoll TeopeTH-

tteCKOit 38.0,8"19. tl OflbiT9 C0.0.9p>KHTCH H 3T8ll npHrOTOBR9HHH HaqanbHOro COCTOHHHSI H 

3Tan perHcTpauua, a a.aaqa >Ke KacaeTCSI TOflbKO cepe,aHHbi - npouecca nepeHoca aoa6y)K-

.08HHH. 

npe>K.ne ecero cne.ayeT OTM8THTh1 'ITO ace .aononHHTenbHhie npe.anono>KeH~HI anon

He ecTeCTBeHHbi. n ocne 6biCTp01"'0 B036y)K,aeHHSI HMeeTCSI, .aeliCTBHTenbHO, HeKOTOpOe 

KORH'18CTBO 8TOMOB B HY)f{HQM H8M COCTOSIHHH. Hn:ttTO He M9W88T 6biCTpO BbiCB8THTbCSI 

aToM aM B , aoa6y)K,aeHHbiM B cocTOSIHIIX E
2 

• Boapa)KeHae MO)KeT 6biTb ccj)opMynHpo

aaHo fl>IWb TaKHM
0
H8npaMep, o6pa30M: He HCKfliO'IeHO, 'ITO BBK.llY TOHKOCTH 3cj)cpeKTa 

6biCTpoe aoa6y>K,aeaae TaK anaSieT aa nocne.ay10mee pa.aaoaanyqeHHe, 'ITO 3cjlcjleKT 

MI"'HOBeHHOI"'O nepeHOCa B036y>K,aeHHSI CM83biBaeTCSI. 

YKa)KeM cellqac OTHOCHTenbHO nerKo pewaeMyJO aa,aaqy, B KOTopyJO BKnJO'Ieao npa

roTonneHHe H8t{8RbHOf'O COCTOHHHH . 0K83biB89TCH 1 'ITO BnHSIHHe 6biCTpOTbl IIpHf'OTOBR8HHSI 

o6paTaoe: qeM aaeaanaell nparoToaneaae, TeM 6na>Ke peaynbTaT K peaynbTaTy 

peweHHOll aa.aa'IH c aa.aaHHbiM H8'1aflbHbiM ycnoaHeM. nycTb A eCTb MeaoaTOM (Me30H 
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cK tmllpH blll), HBXO.lllllllHllCll HB MeTacTB6HnbH OM yposKe 2 S ( yposeHb E2
) . B oTcyTCTBHe 

MBrHHTHoro n o n!! nycTb 2 S cosna.uaeT c 2 P HnH neJiOIT H9CKOnbKO HH>Ke, T8K ttTO 

nepeXO.llbl 2S ~ 2P HeB03MOlKHbl. npH BKnto'teHHH MarHHTH OrO non!! 2P pacwenns:~eTcn 

M npH yaenH"'9HHH llOnSI O.ll HH H 3 era riO.llypOBHeti MOM €T OK838TbCSI HH>K€ 25 ( vposeHb 

E 
1

) • 3a M OMeHT t = 0 npH MeM MOMeHT BKntoqeHHll liOn!! . Jlanee none HapacTeT .llO a em<-

Hi\ , TBK 'ITO B HHTe psane ( 0, T) 

,\ . 
E - E KBK-TO 38BHCHT OT • noc ne )K€ MOM€HTB 

2 1 

T = T nycTb ,\ (r) = E - E (r)= 
A 2 I 

AMnnHTy.aa aepoSITHOCTH Tenepb pacct{HTbiaaeTCSl no cnerKa H 3MeH eHHOA ¢opMyne 

(3.1 ): 

a ( t) =- 41Tu 
Ail • 

e-li\ xo - Y•o e t i\A(>o>>o- Y>oD o ( R 

•• 

(7.1) 

V!HTerpan d yo 1\ (yo) • •• MO>KHO npe.uCT8BRTb K8K d Yo 6 ••• + r d Yo 6 A(yo) •• • 

npH r ~ 0 eb:ie3811HOe B03MyLUeHHe, CM . § 31 B /
3/) B;Opc)l\ RHTerpa"n CTpeM HT(.;ll K HY•'IO, 

H 38)J.aqa CBO.ll HTCSI K pelll€HHOA.. 

3BM9THM 1 "'T O .Q8>K9 npH Mf'HOB€HHOM llpHrOTOB119HHH H81.{8nbHOf'O COCTOHHHSI TBKHM 

CllOC060M 8TOMY He H8.00 C006LU8Tb KBKyiO-nH60 3HeprHIO: 8TOMY B 2 S -coCTOHHHH He 

C006LU8eTCH HHK8KOJ1 3HeprHH; llpOH3BOnbHO 38BHCH1U99 OT BpeMeHH (Ho OllHOpO.llHOe) 

MarHHTHOe n one He Bhl3biBBeT HRK8KHX nepexo.uoa (eM. Ill/ § 45 " 
131

, § 31 ). H,. ::>TOM 

npHMepe HCHO BH,O.H0 1 LITO COOTHOW 9HH9 /') E /). t- h H€ HM99T HHK8KOrO OTHOW9HH51 K 

aonpocy OpHrOTOBneHlHI onpe.a.eneHHOrO H848nf-.fiOrO COCTOHHHH B onpe.a.eneHHbiJ:t MOM9HT 

BpeMeHH (a 3TOM 

HOCTH R3nJ't8Tb) . 

npHMepe rrpHrOTOBneHHe CBO,UHTCH K npellCTBBJleHH~ 8 TOMY B03MO*-

3. nepe'iHCnHM 11pH6nH)KeHHll TeOpeTH'teCKOrO pacqeTa. nonpBBK8 K .llHilOnbHOMY 

1/ 1\ > M9Tpa H .D.nR CHCTGMbl 8 TOMHbiX npH6nH>KeHHIO HMeeT aeniP·HtHy - a0 A • rlpH 

-10 
paaMepoa ::>To cocTaBnHeT He 6onee 10 OCHOBHOrO a<jJ<j:leKTa . Vlcrron b30BilHHe Hepe-

JlHTHBHCTCKOrO llpH6JlH:>KeHHH npH pBCtieTe llHllOnbHbiX MBTpH'IHbiX 3 JleM9HTOB HMeeT 06bP.t

HJIO norpeWHOCTb nopll.llK8 v e I c • 'ITO coana.uaeT c •o 1\ • ropaa.uo 6onbwyto , HO T O>Ke 

BllOJlHe npene6pe*HMYJO BeJlH'IH'Hy HMe~T nonpBBKH HB KOHe4.HOCTb M8CC H.llep BTOMOB A H 

D (eM., Han pH Mep, npHMeqanl!e HB cTp. 17). 

HaKoHeu, pacqeT npouaae.a.eH nHWb ao aTopoM nopR.nKe TeOpHH B03MyweHHit. B CBH3H 

C 3 THM MOlKHO TOJlbKO H8ITOMHHT b 1 l.JTO B TBKOM }l{e ( n e p BOM HeHCtte3BIOW9M) np116J1H:>Ke

HHH nO.llC'tHT8Hbl MHOrHe R3BeCTHLie ::>neKTpO.ll RH 8 MH'teCKlle 3<jJ<jJeKTbl (<jJOT03<jJ<jJeKT, KOMrr-

TOH-s¢¢eKT , paccestHHe 3J19KTpOH OB H T .n.) • Y13BeCTHO, t{TO oueH9HHbie nonp8BKI1 38 Cl.J9T 

BblCUJHX npH6nH.>KeHHA MBJlbi . PeaynhTB Tbi pacqeToa npeaocxo.a.Ho cornacy~Tcst c onbt T OM . 
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B H OC TOH we A p a 6oT e wc n o nb3oaa n c H T OT >Ke B bPtH CnHTe nbHbiA. a nn a p a T, HO p e w a n a cb 

llH C T O n ec T B UH OH B pH B H 3B.D. B t~.a. Cyme cT s y e T H 3 B eC THOe MHeHH e . qTo ace H a 6nfO.n a eM bt e 

n p o u eccbt M O>K H O O fiH C8Tb 5 -M a TpHu e A. 0 .D.H B KO H 8 .aene cyLUeC TBy lOT H9C T 8 UH OH 8 pH bl 9 

/22/ 
38.08 l!H - H T 90p 9 THl! 9CKfi9 1 H SKC 11 9pH M9H ,TDn hH b~e 1 C M. 1 H8 ri~=· p a6oTy 

3KC09pH M9 HTa nbHO 

3 a Kn fO q e HH e 

3 T a p 860T 8 0 0C BS1 Ul9H 8 D.OK838 T 9 nbCTBy TOrO, 'ITO COrnBC H O K B llH T OB Oit sn e KTpOLl.HH a 

MHKe .a,e AC TBHTe n b H O B03 M O>KeH Ollbi T 1 B KOTOpOM C HrHan 6y.a e T n e p e.aaH CO CB9pXCB9 TO

BOA. C K OpOC Tb10 ( S T O M O>K9 T 6 biT b , HllllpHMep, C HrH B n 0 TOM, l.fTO H B B TOM A UOD.BH 

an exTpOH Hbii\ nyqox, eM . § 6 ) . Caepx caeToaa!l cxop oc Tb nepeJlB'IH c KrH an a a6c on iOTHO 

H e COBM 9C THM 8 C T eOpH e i\ OTHOC HTe nbHOCTH : B p B M KBX 3 T OH T eOpHK ORB B 9 .ll9T K HBpyw e 

HK IO npK'IKHH OCTK (eM . , HanpKMe p, 
1231

, § 21 ). 

npHHUHfiH 8JlbH 85I B03M0)i<II OCTb T8 K OA n e p e.0.81.fH B p e nHTH BHCTKO A KB B HTOB O A ;:,n e KTpo -

D.Klfa MHKe 03H 8 1.f89T npOC T O B HyTpe HHJOlO npOTHBOp91.fHBOC Tb 3 T OA T 90pHH, e cnH ee llOHHMllTb 

K B K C HHT93 fiOC Tyn B TOB Kn B C C H1.f9CKOA T eO pHH H 3 nyqe HHS1, KBB HTOB O A T 90pHH H TeOpHH 

OTH OCHT9 flbHOC TH. npu T a K OM flOHHM B HHH OllbiT D. On >KeH ,Q llBB T b w(t) = 0 B KHTe pa a ne 

{ 0, R/c ) , H n y >K e H ue o n hiT 1 a Hoa a sr T eopHH . O.aH a K o n p eaocxo.a.noe KOnHl.f eCTB eHHoe 

c orna c He CyWeCTBylOWe A T eOpHH C MHOr O \IH C n e HH b iMH OllbiTHb i M R QJB KTB MH (TBKHMH, K B K 

caaHr n aM6B, 8 H OM 8 nbH bi H MBrHliTH biA: M OMeHT 3 n8KTpOH 8 H T . ll . ) ll 0 3BOnSi e T npe n.no>K HTb 

HHylO :tOrH1.J 9CKY IO BnbT9pH8THBy: CY.HT8Tb OC H OBHbiM H B60p 0M ll OC T y n a TOB CBM B b i\IHCnHT8 nb-

H bli\ a nna p 8 T K B D.HTOB Oi\ a n e KTpOD.HH8MH KH 8 uenOM , a H 8 B3S1 T ble n o OT.a e nbHOC TH fl OCTyn a 

Tbl T 80pH H OTHOCHTe n bHOC TH H T.n. . Tor n.a na60p8T OpH 8 S1 flOC T B HOBKD. OflbiTD. HBnSieTC B on-

pBBJlBHHOil . 

OnbrT He npOTHBopeqH T npo.n.enaHHbi M H3MepeH HHM C K opOCTH c s e Ta "• npe>K.ae scer o , 

TeM OllblTBM, B KO T OpbiX H 3 M8p!i19TCH ¢aaOB8Sl C KOpOC Tb CB8 T8 ( HnH KOH CTBH T B 8 C OO'TH O

WeHHH A ~ C T Jln !l MOHOXpOMBTK 'teCK0£' 0 KO;Ie6BHHSI ) • 8 Ofl biTBX no K3 Mepe HHIO rpynno

BOA cxopoCTII ~< cnonb3yeTCSI MOJlyn~tpoaaHHbi l! cae-roa o A nyqo x. K ax 6&wo n oxaaaHo, KBaH-

TOB85l ane.KT p O.OHH8MH K8 MO>K8T .,aBTb onepe}f{ e H H e ,llBH )K y We r oc g CO CKOpOCTblO CB8T8 

CKI"'Han a no nopSIJlKY pas Hoe >./c. 3To < 10-
14 

c ex Jlnll BIIJlKMoro caeTa H TBKoe one-

pe>KeH~te IJ biXOJlHT )laneKO Ga npeJlAJlbl TO'IHOC TII COBIJAMeHHbiX 3KCn epHMOHTOB, CM. o6ao/
2'!' 

rn DA8 llJ • B CBR3H C 3 THM OTM9THM 1 l.fTO H e38llHCHMO OT T 90peT H'i9CK OrO npOH CXO>KJ19HHSI 1 

onbiT m enaTenea y>K e n oToMy , 'iTO a npe.an o>KeHHhiX y c n OIUHl.X CKOp<X: T b cae T a erue ae 

H3Mepun ac b. 
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npe,anaraeMbiR OflbiT He flO.OpbiB89T Cyll.l9CTB9HHO 3H81J9HHR c 

HOl! KOHCT8HThl (H8UpHMep, C - 3TO ¢830B8H CKOpOCTb aneKTpOM81'HHTHOI'O KOne6aHHH B ea-

KyyMe HnH KOHCT8HT8, flORBflSIIOUl8SICSI npH nepexo.ae OT aneKTpOCTaTHIJ9CKOA K aneKTpOMSr

HHTHOft CHCTeMe e.QHHHU). Y Hee TOnbKO OTHHM89TCR ponb M8KCHM8nbHO B03MO>KHO'A CKOpo-

CTH CltrHan a . 

CeepXCB9TOB8H CKOpOCTb CHI'H8ll8 B KBBHTOBOi! M9X8HHKe y>Ke o6cy>KJl8ll8Cb B pa-

60Te aeTopa
1251

• HacTOH!Uee p8CCMOTpeHHe HMeeT pstn npeHMy!UeCTB no cp8eHeHHJO c 
1251 

0Tfl8Jl 8 9T 06Cy>K.0.9HH9 BOflpOCOB 0 TOM, MO>KHO nH npHrOTOBHTb nOK8nH30B8HHOe COCTOSIHHe , 

KBK ero npHrOTOBHTb, KBKYW K00p.OHH8Ty ynoTpe6nstTb .a,nR OflHCBHHH S TOrO COCTOHHHH . 

Bonpoc a.a.ech peweH npaKTHqecKH. AToMbi A H B MO.>KHO cttHT8Tb 6ecKoHe ttH o TH>KenbtMH. 

X o TH noKanH38UHSI an e KTpOHOB a aToMe onHCbtBSeTCH He cPHHHTH btMH ¢yHKUHHMH, OHH noKa

nH30B8Hhi C TOttHOCTbl0 1 KOTOpOA: C H 3 6biTKOM XB8T89T. 

BMecTo nepHOJl8 ¢oTOHHOl! eonHbi A. / c , B 
1251 

¢HI'ypHpyeT v C , ra.e 

flTOH OBCK8SI .OnHH8 BOnHbl IJ 8 CTHU hi, fl09TOMy T8M MO>KHO 06Cy.>K.0.8 Tb TORbKO rHflOT9THtt9CKHi:t 

on biT c o'!eHb nerKoA '18CTHUel!, CTOHT, OJlHBKO, 38MeTHTb, 'ITO 3BTO e 
1251 

38Jl8'18 ( p8c

nnbiB8HHe naKeTa) pewaeTCH TOl.IH0 1 a a.aecb - TOnbKO a nepaoM HeHctteaawweM npH6nH -

>K9HHH T90pHH B03MY!U9HHl!, 

B 38Klli0'19HHe 6narO,ll8p10 npo¢ec copoe M.A.M8 pKOB8 H n .vt.6noxHHU9B8 H CoT

PYJlHHKOB na6op8 TOpHH TeopeTH'l9CKOl! ¢H3HKH OVIHVI n.r.38CT8B9HKO, VI.B.nony68pHHO

B8 H n.n.conOBbeB8 3 8 o6c y>KneHHS! p a60Tbi, AeTo p 6yneT 6n aronapeH 3 8 3 8M9'18HHS! 
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