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. /1/ . 
B paooTe aBTopa 6bma pemeaa aana'la _o paeeeSIHHH sneKTpoMaran:THbiX. 

BOI!H Ha eOBOKynaoeTll aenOABHlKHb!X AH.nOJ!bHb!X ueHTpOB. TaM lKe ObinO paeeMOTpeHO 

_ pe3oHaHeHoe paeeeSIHHe aneKTpOMarHHTHb!X BOI!H. Ha llBYX OllHHaKOBb!X H30TpOnHb!X 

OeUHI!llllTOpax, paenonolKeHHb!X Ha KOHe'IHOM paeeTOllHHH R npyr OT Jlpyra. 

n . /1/ 
aaaaR paooTa RBnReTeR aenoepelleTBeHHb!M npollOI!lKeHn:eM paooTbi n: no-

eBRmeaa Knaeen:'JeeKOMY H KBaHTOBOMY pae'!eTy eneKTpa H3l!y'leHHll llBYX Hll~HTH'I
Bb!X nn:noJ!bHbiX Hany'laTenel!:. Ilony'leHo oomee pemeHHe aToll: aalla'IH npH npon:aBonh-

Hb!X 3Ha'leHHllX qaeTOT sneKTpOMarHHTHb!X BOI!H e noenellOBaTe.nbHb!M y'leTOM peso-

HaHeHoro B3BHMOilel!:eTBHll llHnOJ!bHb!X UeHTP_OB 'lepe3 none H3liY'IeHHll. 0KOH'IaTel!b_: 

Hble pe3yl!hTaTbl, KOTOpble .. MOlKHO 'npelleTaBHTh B BHile KOMUaKTHb!X ljlopMyn, 06.00!lla

IOTeSI aa enyqal!: llByxaTOMHol!: MoneKynhi 1 y KOTopol!: OllHO n:a Slllep Jiaxonn:TeR B 

OeHOBHOM, a npyroe - B B030ylKJleHHOM eoeTOSIHHH (ooa Slllpa OTHOeRTell K OllHOMY B 

TOMY lKe B30TOny) • 

Bonpoe oo H3y'leHBB llBYX OllBHaKOBb!X B30Tponai.Ix ·oeuBnnSITopoB obln paaee · 
121 

'!aeTB'IHO paeeMOTpeH B paooTe IlonropenKoro B Pol!:aeaa B npenene KopOTKHX 
. /3/ 

Bona (eM. TaKlKe KHBry <t>al!:aa B XaHBHa , § .32). 

B paMKaX HaeTOB!llel.l paoOTbl Mbl OeTaBI!lleM B eTOpOHe npooneMY B3ny'leHBll 

B MaKpOeKOnB,.eeKOM KOI!l!eKTBBe OllBHaKOBb!X B3l!y'laTenel!: 1 0Tilel!hlib!e eTOpOHbl Ko-
. /3/ 

TOpol!: BeenellOBal!Beb MHOrHMB aaTopaMB (eM., HanpBMep, ). 

1, Hany'leHn:e llayx onBHaKoahlx B30Tponr,biX ocnBnnRTopoa 

C KnaeeB'!eeKOl!: TO'IKB speHBll paeeeSIHBe sneKTpOMarHBTHhiX BOI!H enellyeT 

paeeMaTpBBaTb KaK B3l!y'leHBe B pe3yl!hTaTe BbiHylKJleHHb!X KOI!eOaHHJ!: llBIIOJibHOrO 

3 



MOMeHTa cacTeMbi non nelicTBaeM sneKTpl!'lecKoro nonSI nanmoweli Bonabl, Xopowo 

a3B9CTHO, 'ITO pe30HSHCHble napaMeTpb11 xapaKTepaayiOWl!e BbiHY:1Kl19HHbl9 KOnef5a

HliSI, B TO'IHOCTH COBnanaiOT C 'ISCTOTBMH a WHpHHaMll HOpMSnbHbiX Konef5aan:li l18HH0ll 
/1/ . . . 

cacTeMbl, B paoOTe npn: n:ccneitOBSHl!H npooneMbl peaoaaacaoro pacceSIHHB oblnl! 

paCCMOTpeHbl BbiHY:1Kl19HHble Konef5aHl!B llBYX H30TpOUHbiX OCUl!nnBTOpO·B, pe30HSHCHO 
/1/ 

CBB3aHHbiX npyr c npyroM noneM n:any'leHl!B. Cornacao , n:anynHpOBaHHbie nanonb-

Hbie MOMeHTbl nepBoro 11 BToporo ocnn:nnBTopoB napannenbHb!" BeKTopy nongpaaauall 
.,.~ .. 

nanaiOweil BOnHbl e 11 oTnl!'IBIOTCB no cjlaae Koneoaal!ll: aa Benll'll!HY k R , rne 

k - BOnHOBOli BeKTOp, IJpl! STOM K8:1Kllblli 113 _llHnOnb.HbiX MQMeHTOB M0:1KHO npeitCTa

BaTb B Blllle CYMMbl '!eTb!pex pe30H8HCHbiX qneHOB, COOTBeTCTByiOwax, O'l9Bal1HO, 'le-
x) . 

TblpeM HOpMSnbHbiM KOnef5aHllliM Cl!CTeMbl llBYX OCitl!nnSITOpOB , 0TCIOl18 liCHO, 'ITO 

npa paCCMOTpeHHll l!3ny'leHl!ll sneKTpOMSI'Hl!THbiX BOnH CHCTeMOli llBYX HenOllBH:1KHblX 

nanOnbHbiX xteHTpOB Mbl M0:1KeM, ·He npoBOllB HOBbiX Bbl'll!Cneaall:, HenocpellCTBeHHO 

/1/ 
BOCUOnb30BSTbC5! peaynbTSTSMH paDOTbl , 3TH peaynbTSTbl CBOllBTC.I! K cnenyiOWeMy, 

·a) Ecn11 nanOIIbHble MOMeHTbi llBYX Olll!HaKOBbiX ocuannBTopoa napannenbHbi .. 
npyr npyry a nepneHlll!KyngpHbi BeKTopy R 

oaal!ll: coBnanaiOT, qacToTa l!any'leHl!SI 

CBll38Hbl C 'ISCTOTOil: l!3ny~eHHB ~O 

11) 
(i) 

, npa'IeM aMnnliTYllbi 11 cpa3bi n:x Kone

ll WllpHHS cneKTpaJibHOli nl!Hl!ll y 
11 

) 

ll Wllpl!HOil: CIT9KTpanbHOli naHl!H y l!3onn-

pOBSHHOI'O OCUl!nn.I!Topa COOTHOWeHHBMH: 

~II) 3 
= wo + 4 y 

c 3 
----) 
~oR 

( 1) 

yl1) ::2y; (2) 

6) Ecna nanollbHbie MOMeHTbi nayx ocuHnn.I!TOpoa napannenbHbl npyr npyry .. . 

· 11 nepneannKyngpHbi BeKTopy R , npl!'leM aMnnaTYllbi ax Koneoaal!li OAl!HSKOBbi, 

a cjla3bi npoTaBonono:mabi, qacTOTa nany'leHl!B ~ 1 2 l 11 mapaaa cneKTpallbnoli nl!Hllll 

y 12 ) paBHbl 

12) . ~ :: ,_, . 3 ( c 3 ~- --y --) 
4 w R 

(3) 

0 

t 21 1. ( w R y ., - y ___g_:_ ) 
5 c 

(4) 

X) CBODOllHble KOnef5aHHi1 ItHnOIIbHbiX MOM9HTOB OUHCbiBSIOTCB OllHOpOJ:IliOli 'ISC

Tb!O TOil :lKe Cl!CT9Mbl nacpcpepeH~HSIIbHbiX ypaBHeHHli, '!TOll BbiHymz:teHHbl9 (cp.'l/, 

n: /2/), 

4 

\· ., 

'I 

I 

J 

B) Ecna ·nanonbHble Mo 

npa'leM· aMnnHTJfllbi H cjlaabl a 

mapaaa cneKTpanbaoli nHaan: 

13) 
~ 

r) Ecna_ nanollbHbie Mo: 

npa'leM aMnnn:Tyllbl ax ionef5, 
( 4) 

ny'leHHSI ~ n: wapaaa c 

( 4) 
~ ~ 

. r' 

<PopMynbi ( 1)- (8) cnpaBenn 

paKTep H qacno HOpMSIIbHbiX 

nn:nnBTOpOB COXpaHBIOTCB H I 

Tbl w 
0 

• Hcnon:~>ay.l! of5wee 

HbiX BOnH HS CHCTeMe llBYX .i 

llaJ. (39) , ),aeTpynao nony'IHTI 
-_ ·w R . ' x) 

HHli H npl! _ --
0 -> 1 

c .. 
nn:caT:b ( coxpaJiSI.I! npemaiOI< 

( 1) 
(i) -co = co 

0 I 

3 . 
""-:fyl(co 

(I) 
y -·y = y -·. 

3 =-- y II 
2 

x) 3TH :me lflopMJfnbl, J: 
• /2/ 

paooTbl • 



naJlaromeii aonahl. Xopowo 

BbiHY)KJleHHbie Kone6a-

lnenbHb!' BeKTOpy liOlllipH3811HH .... 
aenaqaay k R , r)le 

MO)KHO npe)lCTa-

O'l9BHJlHO, 'le-

0TCJOJla SlCHO, 'ITO 

JlBYX HeliOJlBH)KHblX 

aenocpeJlCTBeaao 

CBOJlSlTCSl K ClleJlyromeMy. 

SITopoB napannenbHbi 

Ill 
llHHHII Y 

awTnAn~goi! llaHHH y H30lla-

( 1) 

(2) 

napannenbHbi Jlpyr Jlpyry 

nx Kone6aaua oJlHHaKoBbi, 

mapHHa CIIeKTpallbHoli liHHHU 

(3) 

(4) 

b!Ba!OTCSl OJlHOpOJlHOli ':taC

H BhlHY)KJl9HHble ( cp.' 1/, 

\" 'j 

I 

\ 

~I 
I 
ji 

.. 
B) Ecna 'JlHliOnbHhle MOMeHTbi JlBYX ocuanm:tTopoa napannenbHbi BeKTopy R 

npH'l9M aMllllHTYJlbl H cjla3bl HX KOlle6aaaii OJlHHaKOBbi, qaCTOTa H3lly'leHHSl W( 
3

) H 

mapaaa cneKTpanbaoa naaaa . y 1 31 
paBHbi 

(3) 3 . c ) 3 
"' = "' -·--. y ( ---

0 2 "'o. R l5) 

( 3 l 
y =2y. . (6) 

r} Ecna JlHliOnbHbie MOMeHThl JlBYX ocuannSITopoB napannenbHbi BeKTopy R 

npat:teM aMllllHTYJlhl HX KOlle6aaaii Ol:UIHaKOBbi, a cjla3bl npOTHBOliOllO)KHbi, t:taCTOTa H3-
( 4) . ' . 

ny'leHHSl W H mHpHHa CiieKTpanbHOli llHHHH yl 4 ) paBHbl: 

"'(4) .. "' 
0 

. 3 c 3 
+-y ( --) 

2 w R 
0 

(7) 

yl4l=_l_y( cu 0 F.)2 

10 c 
(8) 

cl>OpMyllbl ( 1)- (8) CnpaBe)lllHBbl B JlllHHHOB()llHOBOM ):Ipe)lene. 0JlHaKO SICHO, 'ITO xa

paKTep H 'lHCllO HOpMSnbHbiX ,KOlle6aaHli CHCTeMbl JlBYX OJlHHSKOBbiX H30TpOl!HbiX QC-

llllllllSlTOpOB COXpaHSl!OTCSl H B o6meM Clly'laeM, IIpli np0~3BOllbHbiX 3HS'l9HIISlX 'lSCT.o-

Tbl w 
0 

• Hcnonb3ys:t o6mee Bbipa)KeHae Jllls:t aMnllHTYJlbi pacces:taHs:t sneKTpoMaraa:r-
. /1/ . 

Hb!X BOllH Ha CHCTeMe JlBYX JlHl!OllbHbiX ueHTpOB (eM. cjlopMyllbl (24) pa60Tbl llllH 

( 39 ) 
/1 a/) . . . . 

6 , ,HeTpyJlHO l!Olly'lHTb Bb!pa)KeHHSl JlllSl t:taCTOT H mapaa HOpMallbHbiX KOlle a-
·. cu R , ) . 

Hail a IIPII _ --
0->.1 X • Ct:taTas:t, 'ITO, KSK BCer)la y << C<J , Mbl MO)KE)M ga..: 

c "' 0 
liHCaTb ( COXpSJiSlSl npe)KHJOI<;l HyMepauaro HOpMSnbHb!X KOlle6aaaii): 

( ll (2) 
c:u -c:u ~"' -·c:u 

0 0 

3 . 1 1 1 
=- y I ( cosk R )[ -- -· -l + (sink R) -- I 

4 . (kl03 kR . (kR) 2 

(9} 

I ll I 2 l 
y -·y = y -·y l10) 

3 . 1 1 . 1 = -- y I (sink R )[ -- - -]-(cos k R) -- I 
2 (k R ) 3 . k R (k R )2 

x) "" "' . . 6 oTII )Ke .'t'OpMyllbl, pa3yMeeTCSl, MOryT b!Tb nonyt:teHbl C l!OM()Wb!O M9T0Jl8 

' /2/ 
pa6oTbl • 

5 



(3,) (4 J 
OJ -OJ =OJ -OJ 

. 0 0 

3 1 1 =-- y I (cos k R )-- '+ -- (sink R) I 
2 (k R) 3 (k R )2 

(11) 

. ( 3) ( 1 1 
y - y "' y - y 41 "'3 y I -- sin k R - -- (cos k R ) 1 

(k R) 
3 

(k R) 
2 1 

(12) 

,.r 

co 
rne k-=-0- • B npenene· kR«1 cpopMYnhi (9)-(12)-nepexonnT B (1)-(8). 

c . 
3aMeTHM, 'ITO COOTHOWeHHe (10) ):IUS! nonepe'IHhlX KOne6aHH~ npHBe):leHO B KHH-

re ct>a~Ha n Xaunu/
31 

(eM.§ 32). llpn kR»1 BbipaJKeHHSI (9)-(10) coana-

/2/ 
):ISIOT C peaynbTSTSMH pa60Tbl ! 

I I) (Ill 
co -co = OJ -·OJ 

0 0 

3 -4y 1 

kR 
cos k R 

( ll ( 2) 
y - y"' y -·y 

_3_ 1 
4 y kR sink R 

(13) 

(14) 

B cnyqae KOne6aHI!~ ):llillOUbHblX MOMeHTOB napannenbHO BeKTOpy (3TH Kone6aHHSI B 

/2/ /3/ . ' 1 
pa6oTax 11 He paccMaTpnaanncb) npn k R » 1 /':,OJ- t.y- y 

(k R)2 

llpH np01!3BOnhHblX ycnOBHHX B036yJKJ:IeHHH KOne6aHH~ cneKTp H3Uy'leHI!Sl J:IBYX 

0):11!H8KOi3hiX 1!30TpOUHbiX OCUIIUUS!TOpOB, B0061Ue rOBOpH, COCTOHT H3 , 'leTblpex cneK-

TpanhHbiX nn>HII~. B cnyqae nnnHHhiX aonu ( k R « 1 ) sTH nHIIIIH paanenciihi 

(I'> OJ>> y) 
1 

a B cnyqae KOpOTKHX BOUH OHii. nepeKpbiBSIOTCH , ( /':,.OJ« y) •. · Ecn11 B liS-

'18UbHbl~ MOMeHT BpeMCHII t"' 0 3H8'1CHI!H '):lllllOUbHbiX MOMeiiTOB nepaoro II BTO-

... 
poro OCUIIUUS!TOpOB paBHbl . d , 

• I 

-> 
d 

2 
, paanoJKeRIIe no uopManhRhiM Kone6aiiii-II 

S!M npiiBO):II!T K cne):lyiOIUIIM BblpalKCHIIHM ):IUS! J:ll!llOUbHbiX MOMeHTOB np11 t =/ 0 

... ... ... ... -y(l t!... ('1) 

D (t)+D (t)=(d +d )L e 2 cosOJ," t+ 
I 2 1 2 

( 3lt 
... .. 

+(dl+d2)11 
-y - (3) 

e 2 cos ru t ; (15) 

( 2) t 

e -y 2 cos c:u 121 t + ... 
D (t)-D (t)=(d -d) 

I 2 I 2 l 

... ... -y' 4)_!, (4) 

+(d
1
-d

2
)

11
e 2 COSOJ t 

(16) 

6 

'j 
I 

·I 
' 

~ 

I 
, I 

I 
I 

!' 

.~ 

HuneKCbl J. II II COOTBCTCT: ... 
BeKTopa R KOMIIOHeHTSM · J:lllll· 

MeHH B036yJKJ:ICH UI!Wb O):IHH OCUH 

d ., 0 {ann d "'0 ). 
2 1 

§ 2. KaaRTosan TpaK~ 
J:IHIIOnh 

KaaHTOBhiM aHanoroM 1130TJ 

UeHTp, KOTOphlii B OCHOBHOM COC 

. COCTOHHHH - CIIHHOM 1 paBHblM 1; 

nerKO BH):IeTb, 'ITO B STOM cny'll 

HOBHOe HMeeT MeCTO 'IHCTO llHIIO 

llyCTb ):IBS TSKIIX J:IByXypOBI 

... .. 
R

1 
a R

2 
, npa'leM onaH aa Hill 

HOM COCTOSIHHII. 

0003H8'1HM BHyTpeHHIOIO BO; 

ueHTpa Bln(i) { m- npoeKUHH cr 

8 SHyTpeHHIOIO BOUHOBYIO ljlyHKUI 

llpH OTCYTCTBHH aneKTpOMSrHHTH 

IIMeTb weCTb BhlpOJK):IeHHbiX OpT< 

HIIIO OJ:IHOro H3 UeHTpa. 3aniiWeM 

(I) A(1)S 
. +1 

(III) A (1) B (2 
0 

(V) A(l)B I 
-I 

BceM 9THM COCTOHHHHM B HyneB 

x) 
riiH E a E A+ E B 

x) Mhl C'IHTaeM, 'ITO o6a. 

HSKO, OCTSIOTCSI B Cline, ecnH Ul 

r1110 Mhl ):IOUlKHhl BKUIO'IHTb B 9HI 



lll) 

( 12) 

(9) ~ (12) rrepeXO.!UIT B (1)-(8). 

Korre6aHnfi rrpnaeAeHo B KHH

BbipaJKeHnll (9) -.(10) COBIIa-

(13) 

)-. 

sin k R 
(14) 

HO BeKTOpy (STH KOIIe6aHHll B 

1 R»l />,w-/>,y-y 
(k R)2 

Korre6aHnfi crreKTp narryqeknn ABYX 

rOBOpll, COCTOHT H3 'leTblpeX CIIeK-

<<1) STH IIHIIHH pa3Aerrel!bl 

_.pbiBaiOTCSI · ( 1'1 w « y} •. · Ecnn B Ha-

MOMeHTOB nepaoro H BTO

IolKeHne no I!OpMa/IbHbiM Korre6aHn-

npn t ,; o 

t "+ 

( 15) 

t+ 

( 4) 
(16) 

"' t 

'' 

'i 
l 
I 
~ 

'I 
t: 

1 

i1HAeKCbl j. n II COOTBeTCTBYIOT IIOIIepe'IHbiM H npOAO/IbHbiM ( OTHOCHTe/IbHO ... 
aexTopa R KOMIIOI!eHTaM AHIIO.rlbHbiX MOMeHTOB. EcrrH B Ha'laiibHbiH MOMeHT ape-

MeHH B030YJKAeH IIHWb OAHH OCUHIIIIllTOp, B ~OPMYIIaX (15), (16) CrreAyeT IIOIIOlKHTb ... 
d cO 

2 
(HIIH d

1 
= 0 ). 

§ 2. KaaHToaaa TpaKTOBKa nany'leHHll ABYX neqoABHJKHbiX 

AHIIO/IbHbiX rreHTpOB 

KBaHTOBbiM aHarrorOM H30TpOIIHOro OCUHIIII!lTOpa !lBII!leTC!l AByXypOBHeBbll!: 

rreHTp, KOTOpbiJ!: B OCHOBHOM COCTOllHHH OOIIaAaeT CIIHHOM (I 1 a B B03DyJKAeHHOM 

COCTOllHHH - CIIHHOM 1 paBHblM 1; rrpu'leM 'leTHOCTH OOOHX ypOBHeJ!: rrpOTHBOIIOIIOlKHblo 

nerKO BHAeTb, 'ITO B STOM crry'lae rrpH rrepeXOAe H3 B030yl!{AeHHOrO COCTOllHHll B oc-

HOBH.Oe HMeeT MeCTO 'IHCTO .llHIIO/IbHOe SIIeKTpH'IeCKoe H3IIy'leHHe. 

TiyCTb ABa TaKHX AByXypOBHeBbiX rreHTpa HerrOABHlKHO SaKperrrreHbl B TO'IKaX 
... 

Rl H R 
2 1 rrpH'IeM OAHH H3 HHX HaXOAHTCR B B030YlKAeHHOM, a Apyroli - B OCHOB-

HOM COCTOllHHH. 

0603Ha'IHM BHyTpeHHIOIO BOIIHOBYIO ~YHKUHIO B030YJKAeHHOrO COCTOllHH!l l -oro 

neHTpa B (I) ( m- rrpoeKUHll CIIHHa Ha HanpaaneHHe BeKTOpa R = R l - R ' l = 1,.2 ), m ~ 

a BHyTpeHHIOIO BOIIHOBYIO cpyHKUHIO OCHOBHOrO COCTOllHHll l -oro rreHTpa . A ( i ) • 

Tipn OTCYTCTBHH aneKTpoMarHHTHoro aaauMoAelicTBHll MeJKAy neHTpaMH Mbi 6yAeM 

HMeTb WeCTb BblpOlKAeHHbiX OpTOrOHa/IbHbiX COCTO!lHHli, COOTBeTCTBYIOWHX B036yJKAe

HHIO OAHOrO H3 UeHTpa. 3arrHWeM HX B BRAe: 

(I) A(l)B (2), 
. +1 

(ni) A ( 1) B (2) , 
0 

(V) A(l)B (2) , 
-I 

(II) B+
1 

(1) A(2) 

(IV) B 
0 

(1) A (2) 

(VI ) B (1) A (2 ) • 
-1 

( 17) 

( 18)· 

(19) 

BceM STHM COCTOllHHRM B HyrreBOM rrpHOIIHlKeHHH C001BeTCTByeT OAHS H·TS JKe sHep

x) 
run E "" E A+ E B 

x) Mbl C'IHTaeM, 'ITO o6a. rreHTpa neliTparrbHbl. .Ua/IbHeliwue paccyJKAeHnn, OA

HaKo, OCTSIOTC!l B CHile, eCIIH rreHTpbl 38p!llKeHbl; B aTOM cnyqae KYIIOHOBCKYIO sHep

rHIO Mbl AOIIlKHbl BKIIIO'IHTb B sHeprii:IO eyneaoro rrp11:6IIHJKeHH!l: F.= E: A+ E B + E • 
Kyrr 
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-~' 

PaccMoTpHM peaonancnoe aneKTpoMarHHTHOe naanMonelicTBne MelKAY ueHTpaMH. 

npelK):Ie acero, O'ieBHilHO, 'iTO noCKOJ!bKY CpeAHHe ):IHnOJibHble MOMeHTbl o60HX UeHT

pOB paBHbl HYJ!IO K8K B OCHOBHOM1 TaK H B B031SyJK):IeHHOM COCTOSIHHH {OTJ!H'iHbl 0T 

HYJISI TOJibKO nnnonbHbie MOMeHTbl nepexonon), nee nnaronanbHble MaTpH'iHbJe ane

MeHTbl aneKTpOMarHHTHOro B3aHMoneiicTBHSI TOlKAeCTBeHHO paBHbl HYnro. MolKHO 

TaKJKe aapanee OlKHA8Tb 1 'iTO aneKTpOMarHHTHOe B38HMO):Iel!CTBHe He CMeWHBaeT Co-

CTOBHHH C pa3HblMH 3H8'ieHHSIMH m (3aKOH COXpaHeHHSI npoeKUHH MOMeHTa KOJ!H-

qecTBa nnnJKeHnH). OTcrona nenocpencTBeHHO cnenyeT, 'iTO KsaancTaunoaapHbiM co

CTOHHHHM 1 o6na):I810WHM onpeneneHHOii SHeprneii H BpeMeHeM. lKH3HR 1 COOTBeTCTBYIOT 

CHMMeTpH'iHbie H 8HTHCHMMeTpH'iHbl9 KOM6HH8llHH COCTOBHHH (I) a en' (lll) 

H (IV) ~' (V) H (VI) • 

.;,<±I (],2)=~1 A(l)B (2)±A(2)B (1)) 
m V2 m m 

(m=+l,0,-1) (20) 

8bl'ii!CJ!I!M aneprnro H BpeMSI lK113HH 3THX KOJIJ!eKTHBHblX BOa6yJKAeHHbiX COCTOSIHHfi. 

Mbl 6yneM C'iHTaTb, 'iTO aaeprnH peaonaacaoro naanMonelicTBHSI MelKAY uenTpaMH 

no MHoro paa MeHbwe qacTOTbl l!anyqeanH h"' 
0 
= E 

8
- E A • Bo nTopoM nopS!IlKe ·no 

aneKTpOMarHHTHOli KOHCTaHTe MaTpH'iHbiH S):leMeHT pe30H8HCHOrO B38HMO):Iel!CTBHSI MelK-

IlY ueaTpaMH B H A , cornacao npaauany cooTneTCTBHH c KnaccnqecKoii Teo-

_/4/ 
pHeH 1 MOlKHO npe):ICT8BHTb B BRAe: 

... ( 11 ... , 21 
U A B; B A=- E A B (cu 0) d B A (21) 

... 
rne E A B (cu O) - KOMnneKCHblli BeKTOp, paBHblli no BeJ!H'iHHe KOMilOHeHTe <!>ypbe 

aneKTpnqecKoro nonH, KOTopoe coanaeT nnnonbHbili MOMeHT nepexona nepaoro ueHTpa 

->t21 • 
d - AHllOnbHblH MOMeHT nepeXOAa BTQ-

BA _. /S/ 
B 4JopMyny (21) SIBHblli BRA E (cu ) {CM. ), 

A B 0 

B TO'iKe, rAe H8XO):IHTCSI BTOpOli UeHTp, 
x) 

pore uenTpa. noncTasnmi 

'Mbl llOJIY'iHM: 

x) <!>opMyna (21) AJ!SI HenOABHli{HO 38KpenneHHblX AHnOJibHbiX UeHTpOB Heno-

cpeACTBeHHO cneAyeT na o6mero BbipalKeHHH AJIH aanaaAbiBaromero aneKTpoMarnnTHo-

ro B38HMOAelicTBHH: tal 1 E 8 - E A ... ... 

e I r - r I 
1i~ 1 2 3., !-+ 

d r d r I , 
11-;1 1 2 

1 2 . 
- "':eTbipexMepltaH nnoTHOCTb • TOKa nepexona•. 

I ... .. 
UAB;,BA=- JjAB(rl)j~B(r2) 

rAe 

.. 
J =I J , I c p I 
AB AB AB 

8 

., 
! 

rl 

i 
~ 

1 

l 
I 
i 
t 
l 
.I 

I 

u ~ -·[ 
.AB; BA 

-+(II 

dAB 

I< 

rne 
R=lR 

2 

3annweM Tenepb MaTpH'iHb: 

npH 3TOM1 ·'iTO WHpHHa B03 

H He· 38BHCHT OT MarHHTHO 

d( 11 
AB 

-I 

= d (21 
AB 

-I 

nepneHJ 

MOMeHT nepexona d
1 11 

= i 
ABO 

Mbl nony'inM: 

.L u< I eU 

3 
=-4 

u<lll e 

3 

4 

Bee ocTanbHbJe MaTpH'iHbie 

4JyHKUHH (20) MaTpHUa U 

!±) . (±) 

3aMeTHM1 'iTO 

U e U 
+ 1 -I 

1±1 u 
m 

- KO 

OnHCbiB810W8SI aana3):1biB810I 

161 
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t±l 
u 

m. 
±U 



B38HMOlteHCTBHe MelKltY UeHTpaMH, 

nnno/lbHbte MOMeHTbi o6onx ueaT

cocTOBHHH ( OTn!I"IHbl OT 

paBHbi aymo. MolKHO 

ae cMewnaaeT co-

II apeMeHeM.lKH3HH1 COOTBeTCTBYIOT 

COCTOliiiiiH (I) n en> (ni) 

A(2) B m(l)) (m=+1,0,-1) (20) 

KTHBHbiX ao36ylKneaHbiX cocToganli:. 

B3Sl!MOtteHCTBHSI MelKltY UeHTp8MII 

h C<J 
0 
= E r3 E A • Bo BTopoM nopgnKe- no 

eaT pe3oaaacaoro B3aHMonelfcTBHB MelK-

COOTBeTCTBHSI C KnaccnqeCKOH Teo-

(21) 

no aennqnae KoMnoaeaTe ¢ypbe 

MOMeHT nepexona nepaoro ueaTpa 

·- ttllnO/lbHbiH MOMeHT nepexona BTQ

i (C<J ) 
A B 0 

/5/ 
(eM. ), 

ueaTpoa aeno
sneKTpoMaranTHo-

I d
3
i"d 3

;" I, 
; I I 2 

2 . 
•nnoTHOCTb • TOKa nepexona•. 

I 
;] 

·I 
~ 

J 
,I 

1 

'l 

rne 

U m-•( 
AB; BA 

->(I) ( 2) -· · 
d d * ' . ' .. 

A B A B k 2 elk R + ( d (I) V )( d ( 2 )* v-) 
R AB AB 

... ... (<) 

Re!R-RI k=-0 -
2 I ' c 

E -E B A 

he 

ltR e 

R (22) 

3annweM Tenepb MaTpnqHbie sne~eHTbi (22) a npencTaaneHHII (17)- (19]. YqTeM 

npH 9TOM, -qTo Wllpl!Ha B036ylKtteHHOrO ypOBHSI 1130nHpOBaHHOrO UeHTpa y.,; ~k3 j d-+ 12 

~I 3'1! AB 
IT' ; npn 9TOM d ) = lt 2 l ll 

AB+t AB+I 
H He· 3aBHCIIT OT MarHHTHOrO KBaHTOBOrO qncna 

de II 
AB 

-I 

= d (21 

AB 
-I 

MoMeHT nepexona 

Mbi IionyqnM: 

· nepneannKyn!!pHbi npyr npyry 11 aeKTopy 

d(l) ed( 2 ) 

ABO ABO 

... 
R aanpaanea ano/lb aeKTOpa 

(J.j - U = U II I 
U - I, II ' ,; U v, VI e_U VI, V "' 

1 1 It R 3 11 (-1- + i-- _ --_-) e 
"' - -4- y k R (k R) 2 (k R) 3 

u111 1 , u , u = 
III, IV IV, III 

=- ]__ y 1i (-1- - i _1_. ) 
4 (kR)

3 
(kR)

2 

1 k R 
e 

R , a' 'nnno/lbiibtfi 

• B pe3ynbTaTe 

(23) 

(24) 

Bee ocTanbHhle MaTpnqHbie sneMeHTbi paBHbl aynro. B npencTaaneann aonHOBbiX 

IPYHKUHfi (20) MaTpnna U 

C±) !±) 
u "'u 

+·1 -1 

nnaroaanhaa, H ee co6cTaeHHble 3aaqeHIISI paBHbi 

U.l C±) !I\) 
± u ; u =± u . 

0 (25) 

3aMeTHM1 qTo 
C±l u - KOMnneKCHbie qncna. 3TO CBSI38HO C TeM, qTo MaTpnna U 
m 

onncbtBarowag 3ana3ttbJaaromee akanMonelfcTane,· He OTaeqaeT qncTo cTaunoaapaoii 
161 

3anaqe 
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!±) 
u 

m 

. 6rm 6y 
± ( 6 E - l -- ) = ± 11 ( 6 C<J -· l __ m_) 

m 2 m 2 

9 



HMeiOT o6hi'lHbifi <jlnanqe~Knlt CMbicn: 6. E m xapaKTepnayeT CJlBHr anepreTn'leCKoro 

/3 6/ 
ypOBH!t (ananorH'lHbifi naM60BCKOMY~ CJlBHry 

1 
) , a !'l.y m- H3M9H9HH9 WllpHHbl 

ypoanst. HeTpyJlHO y6eJlHTbC!t a TOM> 'ITO J:tnst qacTOT ILl I± I H wnpHH yl± I Jlll-
m m 

nonbnoro y -nany'leHnst, HMerowero np~ nepexone na cocTostnnfi (20) B oclioaHoe 

COCTO!tHH9 r/J = A ( 1) A (2 ) 1 Mbl ~Ony'lHM COOTHOW9Hlllt ( 9) - ( 12) KnacCH'l9CKOfi 
0 . 

Teopnn ( npn aTOM (J)I±l .. rul±l .. ...,Ill, y 1+l= y1+l = ylll n T;J:t.). 
. +1 -1 + +1 -1 

CooTnoweH:ne y 1 ±1 = y - .1.. 1m U L l MOJKHO nony'lHTb TalOKe nyTeM ne-
+ 11 m 

' m • 
~pcpeJlCTB9HHOrO Bbl'lHCneHH!t aepoRTHOCTH JlHnOnhHOrO y -Hany'leHH!t.npH nepexo-

Jl8X H3 KOnneKTHBHbiX aoa6y:nmeHHbiX COCTOSIHHH JlBYX U9HTpOB B OCHOBII09 COCTO.II

HH9 r/1
0 

llefiCTBHT9nbH01 nonHalt aepORTHOCTb H3ny'l9HH.II B 9JlHHHUY Bp9M9HH panna: 

...... ...... 
!±) k3 ... I~ 

k R 
... -1--2 

Y =--fld e 
2 ± d e 

2 1· d!)" ... = 
AB . It 

m 41T1i ABm m 
(26) 

= y ± 
2 I d 1

2 

- Im ( k2 AB 'II __ m 

R 

II: R 
e 

... 
+ ( d ABm 

-> -> lkR 

V )( d* V) _e_) . 
AB R 

m 

TaKHM o6paaoM, oTnn'lne aemi'lHHhi y m-y OT nyn.11 o6ycnoaneno IICKniO-

'lHTenbHO IIHTep<jlepemmefi II3ny'leHIIlt nayx ueHTpOB npii y -pacnaJ:te KonneKTIIBIIbiX_ 

B036yX{Jl9HHbiX COCTORHIIfi (20), 

PaccMOTPHM Tenepb ABa OJlHHaKOBbiX anHaoTponHhiX ueHTpa c nponaaonbHO 

Opii9HTIIpOB8HHb!MH OCRM.II, B aTOM cnyqae aoa6yJKJl9HHOe COCTO.IIH.II9 KalK)lOrO .113 

· ueHTpOB RBnsteTCR H9BblpOlKJl9HHb!M , 3neKTpOMarHHTH09 B3aHMOJl9fiCTBH9 CHHMaeT 

BblpO~~eHH9 ·M9lKJlY CHMMeTpii'lHb!M .II 8HTHCHMM9Tp!I'lHbiM COCTORHIIS!MII JlBYX U9HT-

pOB, llnn CJlBHrOB aHepreTII'l9CKIIX ypOBHefi H II3M9H9HII!t wnpnH cneKTpanbHb!X nH

HIIfi Mbl nony'lHM: 

!'l.E = ±Re u · t:.r 
AB,B'J:t-

1 

l±l 
+21m U AB, B'A' ., 

rAe, cor nacHo o6meMy peaynbTaTy (22), 
1.\.1 11!1 Ill u , , .. u cos() + ( u - u ) cos"' cos"' • 

AB, B A · 1 2 
(27) 

3necb 
U q:j II . !Ill U onpeJ:tenRIOTC!t no <jlopMynaM (23)- (24) COOTB9TCTB9HH01 ()-

.... , 1) ... , 21 
dAB II dA'a•·• r/J 1 II r/J 2 -yr-yron M9lKJlY JlHnOnbHb!MII MOM9HTaMH nepeXOJlOB 

-> ... , ll ... ... I 21 
.nbl M9lKJlY B9KTOpaMH R II dAB~RII d A'B' COOTB9TCTB9HHO 

10 

!: 

t 
j.l 

f 

) 
~· .:.1 
' 

I 
l 
\ 
I 

" 

<I Jill I 
AB 

B nniiHHOBonlioaoM npenene 

l±l 
y 

f\.(,J[±)=±[~ 
4-

y ( 1 ± cos 0 ) - _.: 
+ 1 

EcnH Hanpa6neniist ocefi JlBy: 

corriacHo (28), y1- 1« y(+l = 2y • 

o6ny'l9HHH aHTIICHMMeTpii'lHOe COC 

est, To )1{9 caMoe nMeeT MeCTO 11 

B nnnHHOBOnHOBOM npe)lene, CM, ! 

Ecnii cos 0 ,;,. 1 1 Wiipii 

JlOK ·aenH'lHHbl, nerKO BHJl9Tb 1 'lTC 

nstpii3aUIIII <jJOTOHOB C '18CTOT8MH 

3aMeTnM, 'ITO pacmenneHIIe 

paccMoTpeHnoe naMH Bhiwe, no c; 

TaK Ha3biBa9MOrO ')laBb!JlOBCKOro' 

Hefi B aHII30TpdllHOM_KpiiCTanne B 

ABe OJlHHaKOBbte .MoneKynbi c p. 

B aaKnroqeniie aToro paaneJ 

aoa6y)KJl9HHR oT onaoro uenTpa l ... 
Bhifi uenTp ( c KoopnHaaTnofi R 1 

poll: - B, OCHOBHOM! 6yJ:teM C'IHTaT 

aaanMoJ:teficTaHe (22). Paanaran 

napHbiM COCTORHHRM. (20), Mbl Jl~ 

ueaTpa BTOPOMY nony'lnM cneJ:tyJ 

1 l+l l 
P(t)=-lexp(-1(,) t.:..-

4 : 

nerKO BIIJl9Tb 1 'ITO .B )lnHHHOBOnH 

CTORHHR t- _!_ 6yJl9T HM9Tb• M· 
y 

aero nenTpa K npyroMy c qacT01 



~E xapaKTepa3yeT cnaar anepreTaqecKoro 
m /3

1
6/ 

cnaary >~a ~y m- R3Menenae wnplutbi 

, qTO nnSI qaCTOT "'I±) H WHpHH y!±) llR-
m m 

npll nepexone R3 COCTOSlHHil: (20) B OCHOBHOe 

nonyqHM COOTHOWeHRSl (9)-(12) KnaccaqeCKOH 

1 Y[+) ~ Y[+) ~ Y[ I) R T,ll,), 
+1 -1 

U I±) MOJKHO nonyqaTh Ta'IUKe nyTeM ne-
m . 

nnnonhnoro y -n3nyqenaSI.npa nepexo
~ 

ilBYX neHTpOB B QCHOBHOe COCTOSI-

H3nyqenaSI a enanauy apeMena panna: 
_._. 
k R 

.... ~~-- 2 

d e 
2 l dO--~ 

AB k 
m 

-+ -+ -+ lkR 

V )( d* V ) _e_ ) . 
AB R 

m 

+ (dAB 
. m 

(26) 

ym-y OT nynSI o6ycnonneno ncKnro-

uenTpon npa y -pacnane KonneKTHBHbiX 

laKOBbiX. aHR30TponHb!X UeHTpa C npOH3BOnbHO 

cnyqae B036y~nennoe cocToSinae Ka~noro R3 

, 3neKTpOMar'HRTHOe B38HMOileHCTBRe CHHMaeT 

R aHTRCRMMeTpRqHbiM COCTOSIRRSIMH ilBYX neRT

ypOBHefi a R3MenennSI wnpan cneKTpanbHb!X na-

I±J 
L\r 

+2ImUAB,B'A' 

(22), 

+ cu'll, Ill -u ) COS 1/J 
1 

cOS 1/J 
2 

, 

(27) 

no tPOpMynaM (23)- (24) COOTBeTCTBeHR01 0-

nepexonoa 
.. ...,., .. if' & I 

AB 

~121 

R dA,B1 ' t/11 
_. ->[21 
~ R d A ,8 , CO'OTBeTCTBeHRO 

a t/1 2 -yr-

1. 

I 
! I 

I 
j 

,'1, 
\I 
l1 

jl 

l 
l 
t 

<l Jill l 
AB 

:+[ 21 l ) l d , , • 
AB 

B nnnnnoaonfionoM npenene 

1±1 
y 

[+J 3 1 . . ] 
~ (JJ - = ± [- y -- ( cos 0 - 3 cos 1/1 cos 1/1 ) 

4· (kR)s 1 2 

1 . . 2 
y ( 1 ± cos 0 ) - - y (k R) ( 2 cos 0 - cos 1/1 cos 1/1 ) 

+ 10 · - · I 2 
(28) 

Ecnn nanpailnenasr oceil: nayx uenTpos napannenbHbi npyr npyry ( 0 = 0) 1 TO 

c·orriacno .(28) 1 y 1- 1« yl+l c 2y • 3To 03naqaeT 1 qTo1 nanpn.Mep 1 npn RMnynhCHOM 

o6nyqeHI!R aHTHCHMMeTpllqHoe COCTOSlHRe ilBYX. UeHTpOB npaKTHqeCKH He B036y~nae~ 

csr. To ~e caMoe !!MeeT MeCTO 11 B cny<iae 113-0Tp.onnbiX uenTpoa (y3KI!e pe3onancbi 
Ill 

a nnannononnoaoM npenene 1 CM, § 1 11 ) • 

Ecn11 cos 0 ,;, 1 I Wllpi!Hbl 
1-l 

y II y I+ ·l I!MeiOT onnn 11 TOT ~e nopSI-

ilOK aenl!qi!Hbl, nerKO BllileTh1 qTO npll OilHOM II TOM ~e nanpaaneHI!R, H3nyqeHHSI no

nsrpn3aiUIH tPOTOHOB C qacTOTaMI! CUi+lll C<l(-lB3aRMHO nepneHili!KynSipH•bl, 

3aMeTHM 1 qTo pacruenneH!Ie SHepreTnqeCKIIX ypOBHefi aHH30TpOnHblX neHTpOB 1 

paCCMOTpeHHOe HaMH Bb!We 1 no CYTH nena npeilCTaBnSieT Co6ofi HBr'nSinHyro MOilenh 

TaK na3biBaeMoro •nanbxnoacKoro"' pacwennennsr KonneKTHBHbiX anepreTnqecKnx ypon

nefi n aHI!30TppnnoM KpRCTanne n cnyqae 1 Korna KpncTaunnqecKasr srqefiKa conep~nT 
. . • - _171 

nae onnnaKOBb•e MoneKynbi c pa3nnqnoR opnenTaunen ocen . . 

B 3aKnroqenae aToro pa3nena pac ... MOTpnM IIHTepecHblll sonpoc o nepenaqe 

ao36y~nennsr oT onnoro nenTpa npyroMy, nycTh a MOMenT apeMenn .t = 0 nep-
... 

BbiH neHTp (c KOOpili!HaTHOH R l ) . HaXOili!TCSI B B036Y~IleHHOM COCTOSIHI!ll 1 a BTO-

pofi - B OCHOBHOM! 6yneM Cqi!TaTb 1 qTO npn t ~ 0. y~e •aKnxoqeno• pe3onancnoe 

B3ai!MoneiicTBI!e (22), Pa3narasr aonnonyro q,ynKnllro B(l) A (2) no KBa31!CTanno

HapHbiM COCTOSIHIISIM (20) 1 Mbl nnsr aepOSITHOCTI! nepenaqJi B036y~lleHI!Sl OT nepBOr'O 

uenTpa BTOpOMY nonyqi!M cnenyiOruee BblpalKeHHe: 

1 l 1+1 1 (+) (-1 1 (-) 1 P(t)~- exp(-lru t--y t)-exp(-1"' t--y t) 
4 . 2 2 (29) 

nerKO BlllleTh
1 

qTO .B nnnHHOBOn!IOBOM npenene 38 BpeMSI ~1!3HR B036y~neHHOr'O CO

CTOSIHI!Sl t- _!_ 6yneT liMeTh' MeCTO MHOr'OKpaTHaSI MRrpannSI B036y~lleHHSl OT Oil-
y 1 

noro nenTpa K npyroMY c qacToToii . - y --- • 
(k~)3 

11 



·"' 

Aaanaa noKa3biBaeT, 'ITO ecna np11 aoa6ylluteHIIII nepaoro ueaTpa BTopoli ueHTP 

nepBOHa'lanhHO He IICilb!TbiBaeT HI!KaKoro B03AeHCTBII!t, aamiaAb!BaiOIUee B3ai!MOAefi-

CTBHe (22) ycTaHaBili!BaeTC!t qepe3 I!pOMell{)'TOK apeMeHH ~ nocne MOMeHTa B03-
. , R c 

6yl!{lleHII!t. npll t' < - B COOTBeTCTBIIII C I!pi!HUIIIIOM Ilpll'lliHHOCTll B38liMOAefi-
C 

CTBHe Me:>KAY 

aynrox): 

UeHTpaMII OTCYTCTByeT II aepOBTHOCTh nepeAa'lll B036y~AeHH!t pasHa 

-· 
PaaHI!Ua Mel!tAY t . a cpopMyne (29) n t '= t + ~ aecymecTaeaua, ecnn c 

y .B..<< 1 • Mbi a AanhaefimeM 6yAeM C'lHTaTh, 'ITO aTo uepaaeHCTBO abmonuneTcSI. 
c 

C:!poro roaopst, I!MeHHO B 9TOM IIpn6ni!:>KeHIIH COOTHOIUeHIISI (22)- (25) liMe lOT CMbiCn: 

npn y - ...S. !IX cneAyeT ycpeAHHTh no cneKTPY qacTOT nanyqeaan 6. w - y • 3a-
> R R . . 

MeTHM, 'ITO ecnn y 7 » 1 , MaTpll'lHbie aneMeHTbi (22)- (25) nocne ycpeAHe-

Hll!t IIO CIIeKTpy 'l8CTOT CTpeM!tTC!t K Hynro. 

§ ?; C!!MMeTpH!t KBa3HCTaUHOHapHblX COCTO!tHliH aoa6y:>KAeHHOrO 

n neaoa6y:>KAeHuoro ueuTpoa 

MaTpHUa pe30HaHCHOrO AHUOnhHOrO B3aHMOAeHCTBH!t MellutY ABYM!t UeHTpaMH 

B II A co Cili!II8Mll s = 1 •B 
ll s = 0 

. k 
MO:>KeT 6biTb aanacaua B cneAyromeii: 

KOMilaKTHOH cpopMe: 

" .. 

. : 2 
u .. (C(~)+D(R)(Sn) JP 

· . A-+ B . .. 
rAe S - onepaTop cnaua aoa6y:>KAeHHoro nApa, 

C (R) 
3 ( 1 . 1 · lk R = -- yr --- 1--1 e 
2 (kR) 3 (kR) 2 

3 1 · 3 1 lkR 
D(R)=-- y11(-+ --i-3--]e 

4 k R (k ~) ~ (k R) 
3 

~ o6MeHHbili onepaTop: 
A;! B 

~ · A(l)B (2)"' B(l)A(2), 
A;!' B 

~A-+ B B(l)A(.2)=A(l)B(2). .. 
x) · /8/ 

3ToT Bb!BOA ue cornacyeTcst c yTaep:>KAeHneM pa60Tbi • 

12 

(30) 

(31) 

Co6cTaeHHbiMH cpyHKUHstMII 

iu11e C06CTBeHHble '3Ha'leHH!t 

nonHOCTblO 9KBIIBaneHTHbl CO 

B o6meM cnyqae (npo~ 

.acerAa MO:>KHO·I!peACTSBIITb· 

BOM npocTpaHCTBe ABYX 'laC' 
) 

HII!t CliCTeMbl ABYX HeiiOABIIl! 

OTHOIUeHIIIO K nepecTaHOBKe 

HIIeM nonuoro auepreTn'leCK 

/3/ 
eM. ) • nocneAHee yTaep:>K 

cnouTaHHbiH nepexoA B .. A 

9TOM rBHyTpeHHIIer .BOllHOBb 

HeiiOABII:>KHblX UeHTpOB HMeiO 

1/1 t±l = I a ( 
M m m,M-m 

rAe m n m '= M .:.. m - np• 

noA'lepKHeM, 'ITO .. BHyTpE 

HblX. npii S A {. S B I!OCTp 

IUeH onpeAeneHHOH CIIMMeTp 

~~H cpyHKUIIII, He CB!t38HHOH 

ABYX HYKllOHOB IIllll " -ME 

BbiAeneHIIe 'liiCTO CIIHHOBOH 

uamefi npo6n·eMbi aTa onepa 

Llo CIIX nop Mbi pacct.~ 

A n B noKannaoaaHbi a ' 

TO'leK R1 01 
II R( 01 , npii' 

1 2 
BOllHOBble cpyHKUHII 0603H8'll 

rAe s II - KBSHTOBblE 

x) t+ 
<l>yHKUHH 1/J -I C( 

Mapuoro cnnua M M, uo, 

I!H!IMH onepaTopa KB8ApaTa 

paCCMOTpeHHblH HSMH paHe< 



nepaoro UeHTpa BTOpoi!. UeHTp 

g, 3ana3Ablsaromee B3aBMOllei!.-

~ nocne MOMeHTa ao3-
c 

npaqaHHOCTII B38HMOU9H-

B036y)l{ueHRH pasHa 

aecymecTaeaaa, ecnn 

HepaaeHCTBO Bbin01IHHeTCH, 

!IMeiOT CMb!Cn; 

/'J.w- ·y • 3a

(22)- (25) nocne ycpeune-

Ilo36yJKueaaoro 

Me>KUY UBYMH UeHTpaMR 

6biTb 3anBcaHa a cneuyromen 

B I 

1 elk R 

3-1_. len R 

(kid 

(1) A(.2)= A(l) B(2). 

/8/ 
pa60Tbi • 

(30) 

(31) 

p 
A ... B 

HB1IHIOTCH COCTOHHIISI (20) 1 a COOTBeTCTByiO-Co6cTBeHHbiMR !jlyHKUBHMB 

mite C06CTBeHHble 3JlaqeHIIH paB!lbl +1 ll -1, nerKO BIIUeTb 1 · 'ITO paaeHCTBa (30)-(31) 

ll01IHOCTbiO SKBIIBaneRTHbl COOTHOmeHIIHM (23)- (25), 

B o6meM cnyqae (npOB3BOnbHbie cnnHbi SA ·II S 
8 

). asaBMouei!.cTaae U 

.acerua MOJKHO· npeucTaBBTb· B aaue U"' M P A ... 8 , rue M - onepaTop a cnaao-

aoM npoCTpaHCTBe UBYX qaCTIIU, 0rcroua cneuyeT,. qTO KBa3RCTaUROilapRble COCTOH

HIIH CIICTeMbl UBYX HeUOUBHlKHblX UeRTpOB o6nauaiOT onpeueneHHOl! CRMMeTp!teH UO 

OTHomeaaro K nepecTaHOBKe nepaoro a BToporo uenTpOB (nna onpeueneHRhlM 3Jlaqe-

aaeM nonaoro aaepreTaqecKoro cnaaa r , paaaoro a uaHHOM cnyqae 1 ann 0, 
/3/ 

eM. ) • nocneuaee yTBepJKueHHe cnpaseunaao so acex cnyqagx, Korua cymecTayeT 

cnonTaHHhlH nepexou B ... A ( ae o6gsaTenbHO aneKTpo_MarnnTaoro xapaKTepa). npa 

aTOM 'aHyTpeliHHe' B01IH0Bbl9 cpyHKUHil KonneKTHBHblX B036yJKueHHblX COCTOHHHH UBYX 

HeUOUBIIlKHbiX U9HTpOB HMeiOT o6my10 CTpyKTypy: 

rue m 

.p<±l =~a M (B (l)A (2):!-A (l)B (2)), 
M m m 1 -m m M- m M- m m 

H 
... x) 

m '= M - m - npoeKUIIH o6bJqHbiX cnnaoa aa aeKTop R 

(32) 

nouqepKHeM, qTo 'aHyTpeHHHe' cpyHKUHII TI!Ua (32) 3aBHCSIT OT CllHHOBblX nepeMeH

IlOCTpOeHHe qHCTO CIIHHOBOH !jlyHKUHH UBYX qaCTHU, o6naua10-Hb!X, np11 SA f. S B 

mel!. onpeueneHHOfl CHMMeTpHeH no OTHomeHHIO K HX nepecTaHOBKe, a TaKJKe BHyTpeH

~~H !jlyHKUHH1 He CBSI3aHHOH CO CIIHHOM \aHanoraqBOH qHCTO H30TOill!qecKOH !jlyHKUIIH 

uayx HyKnonoa nn11 rr -Mesoaoa), npHHUimHanhHO neao3MOlKHO. EcnB s = s 
A B 

BbiueneHHe qi!CTO CUHHOBOH !jlyHKUiiH UBYX qaCTHU CTaHOBHTCSI B03MOlKHblM1 HO U1ISI 

namen npo6n·eMbl aTa onepaunH ae nMeeT CMbiCna ( CM, npi!MeRaHne ) • .. 
A I! 

ToqeK 

Llo CI!X UOp Mbl paCCMaTpi!Banl! HeUOUBIIlKHbl9 UeHTpbl. nycTb Tenepb U9HTpbl 

B 1IOKanH30BaHbl B UBYX KO!leqHblX o6naCTHX npOCTpaHCTBa B OKpeCT!IOCTH 
... , 0 l 
R

1 
H Rl 0 l, npaqeM aTn o6naCTI! ae nepeKpbxaaiOTCSI, CooTaeTCTayromHe 

2 ... ..., 0 l ... ...( 0' 
B01IH0Bhle !jlyHKUHH o6osaaqnM 1/J

8
(R 1121 -RI( 2 l) H 1/J 1 (R 112 .I -R ldl ), 

rue s n - KBaHTOBbie ql!cna Kone6aTenbROro· lnnH nnoro) UBHlKeHaSI.· 

x) t+ 
$yHKUHH 1/J -l COOTBeTCTBYIOT. onpeueneHHOMy 3HaqeHHIO npoeKUI!H CYM-

Mapnoro CUI!Ha 1\1 M, HO, B006me rOBOpSI, OHH He SIBnSIIOTCSI C06CTBeHHblMI! !jlyHK-

UI!SIMI! onepaTopa KaaupaTa nonaoro cnHHa (SA,+ S 8 )
2 

• HcKnroqeaHe cocTaanHeT 
paCCMOTpeHHblH RaMI! paHee cnyqai!. S = 0 (a TaKlKe S = 0 H S = S = _l_). 

A_ B A B 2 

13 



'nerKO nOK838Tb (noAp06Hee CM. 0 4), qTo ecna pe30H8HCHOe B38HMOAeACTBHe 

(22) ropa3AO MeHbWe paCCTOHHHH Me~y COCeAHHMH 3HepreTaqeCKHMH ypOBHHMH S 

H S' ( t H t' ) , 8 qaCTOT8 y -aanyqeaan ropa3AO 6on&me aToro paccTonaan, 

Bhlpa~eaae (30) Al1H HenOABH~HhlX neHTpOB cneAyeT npOCTO ycpeAHHTb no BOl1HOo<' 

BbiM cjlyHKnliHM KB83HCT81lHOH8pHhlX COCTOHHHA CHCTeMhl AB 

rAe 
.. (0) 
n 

~ = ± (C'(RIOI )+ [l'(RIOI )(i;<ol )2), 
(33) 

.. (0) -+(0) 

R 2 -R I 
( KBK H ~;'e~Ae , Mbl paCCM8TpHB8eM cnyqaA 

1 ;col _ R'o ,1 
2 1 

s B= 1, SA= 0). 

npa 3TOM 

' 

:::-t+J u-
+1 

= ± ( C , (R 1 o 1 ) + D , ( R < o 1 ) ) 

(34) 

1±1 101 
U ·= ± C' ( R 

0 

.. 1 0) 
m =0 :!:,1 - npoeKnan cnaaa soa6y~eaaoro neHTpa aa seKTop n ) • 

BonHOBhle cjlyHKilHH 1 no KOTOpbiM npOBOAHTCH ycpeAH9H11e1 HM9IOT BHA: 

(+ .. .., 0) ... ..., 0) 
t/; -I (1.2) =-1- [ B (1) A(2)± A(l)B (2)] t/; (R -F )1/J (R -R ). (35) 

In v2 In In B 1 1 t 2 2 

<l>opMynbi Tana (33), (34) onncbiBBIOT, aanpaMep, pacmenneane aaepreTnqecKax ypos

aeA MoneKyn C ABYMH OAHHBKOBbiMH Mp8MH 1 •BMOpO~eHHbiX• B KaqeCTBe npnMeCH 

B TBepAOe Teno. nerKO BHA,eTb, qTO ecna 8Mill1HTyAa KOne6aaaft ( o6naCTb l10K8l1H-

38UHH) 6o~me Al!HHbl BOl!Hbi y -aanyqeaan l =+ , senaqaat,x C'(R
101

) H 

D '( R1 01 ), 6na3KH K aynro. 3To cjlaKTaqecKH oaaaqaeT, qTo aaMeaeaae aaepraa a 

BpeMeHH ~ll3llll B036y~AeHHOrO HApS B npl!Hill!lle MOlKeT l!MeTb M9CTO B cnyqae, 

KorAa ,seponTHQCTb acjlcjleKTa M(!cc6ayapa ( y -nepexoAa 6ea soa6y~eHHH csnaa) 

38MeTHO OTl!HqaeTCH OT Hynn. 

B pean&Hb!X cnyqanx kR(O) >1 (eM. § 4). nerKO Bl!AeTb1 qTO OTHOCI!Tenb-

HOe H3MeHeHl!e PSAHSilHOHHOrO BpeMeHH lKH3HH B036ylKAeHHOrO 

1 OpHeHTllpOBSHHOA OCblO COCT8Bl1HeT m"'±1 H 
It R(O) 

npa 

14 

HAPB B MOl!eKyne C 

1 
--- np11 m = 0. 
(kRIOJ)2 

PaccMoTpliM, Tenep&: tlonpoc ;o cn~MeTpHH nonaon ·£onaosoii: cjlyHKilHH aeTolK 

CTBeHHblX, qaCTHU 1 3aBl!CHWeA OT npoCTpaHCTBeHHbiX "KOOPAHHaT o6eax ~aCT~Il H J 
X) ' . : , 

KpeTHbiX BHyTpeHHHX KOOpAHHST • <JHCTO dJopManbHO Mbl BCerAa ·Mo~eM TpaK' 

paanaqabie qaCTHUbi A H B KBK ABS COCTOHHHll OAHOli H TOft ~e qaCTHUbl1 

TOpb!M COOTBeTCTBYIOT paanaqHble 3HaqeHHll AHCKpeTHOfi 3HepreTaqeCKOA nepeMeJ 

r 
3 

, Ecna Mbl nepecTaBHM KOOpAHHaTbi ABYX qacTau, a nocne aToro npoaa~eAe 
- ) 

aaMeay A.;! B , KBaHTOBOe COCTOliHHe CHCTeMhl ABYX qaCTHil He H3MeHHTCllo,31 

onepaUHllr QqeBHUH01 3KHBaneHTHa nepeCTBHOBKe npOCTpaHCTB9HHhlX H llllCKpeTHhl . , 

KOOpUHHaT. noBTOpllll 06hlqHble B TaKHX ycnOBHliX paccy~eHHll1 Mbl npnXOUHM K 

BOAy, qTo nonaag cjlyHKUHll qacTnu A H B MOlKeT 6b!Tb nn6o CHMMeTpnqaof 

nn6o aHTHCHMMeTpnqaon no OTHomeaaro K TaKoli nepecTaHOBKe. 

HeTpyAHO noKa3aT&; qTo cnoaTaHHbili nepexou BA ... AA + y MOlKeT HMe~ 

MeCTO TOllhKO npn ycnOBHH 1 qTQ nonHall BOl!HOBall cjlyHKUHll CHCTeMbl BA HMe 

Ty lKe CHMMeTpHI01 qTQ H BOllHOBall cjlyHKUHll UBYX TOlKUeCTBeHHbiX qaCTHU. 3TO 

!IaqaeT, qTo 

a) llOl!HSll BOl!HOBall cjlyHKUHll llBYX qacTHil C uenbiMH CllHHaMH CHMMeTpnqm 

6) nonHaH BOl!HOBall cjlyHKilHll CHCTeMbl ABYX qaCTHil C nonynel!b!MH CllHHaMJ 

8HTHCHMMeTpnqaa. 

TeopeMbi a) n 6) aenocpeucTeeaao cneAyroT na annapaTa KBaHTOBoli • .reopE 

nonll (npn ycnosan, qTo onepaTopbi nro6~oxx 6oaoHHbiX noneli KOMMyTnpyroT, a cjle] 

' MHOHHbiX - aHTHKOMMYTHpyiOT). 

B qacTHOCTH, ecnn qacTUilbi A n B co cnnHaMa SA= 0 a S 
8 
= 1 o6J 

3YIOT CBll38HHYIO CHCTeMY 1 nonHall BOl!HOBall cjlyHKilHH CHMMeTpnqaa H MOlKeT 6bl 

npeucTaBneaa B enue: 

.p (1, 2) = _1_ 
..;2 

~ f3<mHBm(l>AC2><PLR1 -R 2)+AO>Bm<2><t><R
2
-R

1 
>lx 

m .. 
X )( ( 

M
1
R

1
+M

2
R 

M + ~· 1 . 2 

**) 

). 

x) . 
K HHM OTHOCHTCll CllHH 1 38pM, MaCCa H T.U. 

xx) . 
. Macca qaCTI!Ilbi csgaaaa ·C aaepreTnqecKoli nepeMeaaoli r 
' MA+M 3 

M= ---8+ (M -M )r, rue r
3 

MOlKeT npnanMaT& aaaqeHHll 

2 8 (1~ 3
(2) 

B uaHHOM cnyqae r .+ r = r = 0. 
3 3 3 

15 
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'iTO ecna pe30HSHCHOe B38HMO~efiCTBH9 

coce~HHMH 9HepreTH'l9CKHMH ypOBHBMH S 

ropaa~o 6onome aToro paccToBHHB, 

cne~yeT npocTo ycpe~HHTb no aonno

CHCTeMhi AB 

) d;< Ol ) 2)' 
(33) 

npe~~e: Mhi paccMaTpaaaeM cnyqafi 

)+ D' (R(Ol )) 

(34) 

.. c 0) 
Ha B9KTOp 0 ) • 

ycpe~HeHH9 1 HM910T BH~: 

... ... ( Ol ... ...( 0) 
B (2)]1/J (R -F )t/1 (R -R ). (35) 

m o1 1 12 2 

-~· 

Mep, pacmenneaae aaepreTH'leCKHX ypoa

~BMopo~eHHhiX' B Ka'leCTBe npRM9CH 

Kone6aHHfi (o6nacTb noKana-

, aenH'lHHhi C '( R1 01 
) a 

03Ha'laeT, 'iTO H3M9H9HH9 aHeprRH H 

MO~eT HM9Tb M9CTO B cnyqae, 

·y -nepexo~a 6ea aoa6y~eHHB canaa) 

(eM, § 4), nerKO BH~eTb, 'iTO OTHOCHTenb-

~H3HH B036yllt~eHHOro 

0) npa· m = ± 1 H 

~pa a MoneKyne c 

1 
--- npa m=O. 
(kR<oJ)2 

PaccMOTpHM Tenep& aonpoc •o .CHMMeTpHH nonaofi·£onaoaofi ljlynKUHH aeTo~~e

CTBeHHbiX 'laCTHU, 3aBIICBWefi OT npOCTpaHCTB9HHblX KOOp~IIHaT o6e11X 'laCTHU H ~IIC-
X) .. . . 

KpeTHblX .BHyTpeHHHX KOOp~HHaT , 4HCTO dJOpMan&HO Mbl.BCer~a MO~eM TpaKTOBaTb 

paanJI'iHbie qaCTHUhi A H B KBK ~Ba COCTOSIHHli O~HOfi H TOfi ~e 'iaCTIIUbl, KO-

TOpbiM COOTB9TCTBYIOT paanH'lHbie 3Ha'l9HHSI ~IICKpeTHOll aaepreTH'l9CKOfi nepeMeHHOll 

r 
3 

• Ecnn Mbi nepecTaBIIM KOOp~HHBTbl JlBYX 'laCTHU, a nocne aToro npoaaae)leM 

aaMeHy A;! B I. KBBHTOBOe COCTOS!HIIe CHCT9Mbl JlBYX 'laCTHU He 113M9HIITCli, .3Ta 

onepaUIIllr O'i9BH~H0 1 3KHBaneHTHa nepeCT8HOBK9 llpOCTpaHCTB9HHbiX H JliiCKp9THblX 

KOOpJliiHBT, llOBTOplll'l 06bi'lHbl9 B TaKHX ycnOBHliX paccy~Jl9HHSI1 Mbl npHXO)lii.M K Bbl-

BOlly, 'iTO nonaan ljlyHKUHli qacTnu A H B MO~eT 6biTb na60 CHMMeTpH'lHOfi, 

n1160 aHTHCHMMeTpH'lHOfi 110 OTHOW9~HIO K TaKOll nepeCT8HOBK9, 

HeTpyJlHO noKaaaT&; 'iTO cnonTaHHhiil nepexoJl BA ... AA + y MO~eT HM9Tb 

M9CTO TOnbKO npH ycnOBHH, 'iTO nonHan BOnHOBali ~yHKUIIli CHCTeMhi BA HMeeT 

TY lite CHMM9TpH101 'iTO H BOnHoBaSI ~YHKUIIli JlBYX TO~JleCTB9HHbiX 'i8CTHU. 3TO 03-

!laqaeT, 'iTO 

a) IIOnHali BOnHOBaSI ~YHKUHli JlBYX 'laCTIIU C uenbiMH CIIHHaMH CHMMeTpll'lHa; 

6) nonHSli BOnHOBali ~yHKUHSI CHCT9Mbl JlBYX 'laCTHU C rronyuenbiMH CnHH8MH 

aHTHCHMMeTpH'lHB. 

TeopeMhi a) H 6) aenocpeJlCTBeHHO cneJlyiOT aa annapaTa KBaHTOBoil Teopna 
' -

nann (njla ycnoana, 'iTO orrepaTOpbi nro6biX 6oaoHHhiX rronefi KOMMyTapyroT, a ~ep-

' MIIOHHblX - aHTHKOMMyTI!pyiOT), 

B 'laCTHOCTII, ecnn qacTHUbi A H B co crraHaMH SA= 0 H S 
8 
= 1 o6pa-

ayroT CBli3aHHyiO CHCT9MY 1 IIOnHali BOnHOB8li ljlyHKUHSI CHMMeTpH'lHa H MO~eT 6b!Tb 

rrpeJlCTaaneHa B BHJle: 

¢(1,2) =-~- :£ ,B(m)[B (l)A(2)¢(i -R )+A(l)B (2)¢('R -R )lx .v2 m In .... --~ 2 In 2 1 

M R + M 
2

R 
( 

1 1 
X X 

**) 

). 

(36) 

M 1 + ~· 

x) K HIIM OTHOCSITCSI CIIHH, aapro:t, Macca H T,Jl, 

xx) . · · 
Macca 'laCTRUhi canaaaa c aaepreTn'leCKOil rrepeMeHHOfi r 

' M A+ MB 3 
M = --- + (M -M )r, rJle r

3 
Mo~eT rrpRHHMaTb aHa'leHHli 

2 B ( 1t 3 ( 2) 
B JlBHHOM cnyqae r -+ r = r = 0. 

3 -3 3 

COOTHOW9HH9M 

+_l_ H _ _!_, 
2 2 
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i 
I 
I 
I : I 
I 
I 
l 
I 
I 

'I 

I 

-~' 

:,.-

3.ttec& </> cih BOnHOBSS ¢YHKUHS OTHOCHTenbHOrO ABH~eHHR, 

.. . .. 
M R +M R 

x< 1 1 2 2)- BOnHOBSSI ¢yHKUHS, OnHCbiBSIOIUSSI ABH~eHBe UeHTpa HHepnHB. R, • 
M +M , u.s. 

1 2 

4>yHKUHR )( , KSK HeTpy,ttHO BHAeTb, CHMMeTpH'lHS no OTHOIUeHHIO K non-

nepeCTSHOBKe 'lSCTBU A B B • llOCKOnbKY HSC , HHTepecyeT cnyqali 
bw · , . .: 1 .. .. 

• ..::.=..L << M + M , Mbi B .ttan&aelimeM 6y.tteM C'lHTSTb, 'ITO R =-(R + R ). 
c2 1 2 u.a. 2 1 2 -

Cne.ttyeT OTMeTHT&, 'ITO saepreTH'leCKHM yposHSIM .ttsyx 'lSCTau1 peaoaaHCHO 

aoli 

6!! 

B38HMO.tteliCTBYIOIUHX ,ttpyr C JlpyroM 'lepe3 none H3ny'leHHS, COOTBeTCTByeT BOnHo-

BSSI ¢yHKUHSI OTHOCH T9nbHOrO ABH~9HHSI onpe.tteneHHOli CHMMeTpHH ( 'l9THOCTH) : 

</> ( R 
1

- R ) = ± q, ( R - R ) • 3To csnsaao c 'reM,, 'ITO BHyTpeaass ¢YHKUHSI KBasa-
2 2 I , 

CTSUHOHapHbiX COCTOSIHHli 'lSCTHU A H B npH HanH'lHH CnOHTSHHOrO nepeXOAS 

B .. A . CHMMe'l'pH'lHB. HnH SHTHCHMMeTpH'lHS OTHOCHTenbHO 38MeHbl A .. B ( CM. 

Bblille), llonHSS BOnHOBSS ¢YHKUHS B ASHHOM cny'lae MO~eT 6b!Tb npeACTSBneHa B 

BH.tte npOH3Be.tteHHSI Tpex ¢yHKUHfi: .. .. 
t+i .. .. 

¢(1,2)= </>- </>( R 
1
-R 2 ~ X ( 

R 
1
+ R 

2 --'---L 
2 (37) 

Hs (37) cne.ttyeT, 'ITO 3HSKH CHMMeTpHB 'sayTpeaaeli •- ¢yHKU~H 11 ¢yHKUHH <P ( R) 

B cnyqae uen_biX cnauos cosna.ttaiOT,, a B cnyqae nonyuenhlx cnHHOB npoTHBOnono~

Hbi, 

4, Cnyqali ABYXSTOMHOli MOneKynbi 

• PaccMOTpHM cso6oJlHYIO JlsyxaTOMHyro MoneKyny, OJlHO aa Mep KOTopoli (B) 

HSXOJlHTCSI B B036y~JleHHOM COCTOIIHHH, a Jlpyr.oe ( A) - B OCHOBHOM, npH'leM o6a 

SIIlpa OTHOCIITCII K OJlHOMY II TOMY )1{9 H30TOny. Ey.tteM no-npe)I{HeMy C'lHTB.Tb, 'ITO 

HMeeT MeCTO 'lHCTblli 
I -· • 

El-nepexoJl B .. A+ y , B pesyn&TaTe KOToporo o6pasyeTCH 

x) AaanorH'lHbili BHA HMeeT; aanpHMep, nonaa.n sonaosas WHKUHS. npOToaa 11 

HeliTpOHS HnH JlBYX nHOHOB B TeOpHH H30TOnB'leCKOrO CnBHa, nonHSII BOnHOBSS ¢YHK

Ui1SI 'lSCTiiUbl i1 SHTil'lSCTiiUbl If T.A. 

16 

MoneKyna , C ABYMSI TO~JleC 

B38HMOJleliCTBHS Ha BpeMSI 

MoneKynspHbiX ypOBHeli MO 

3JleCb 

a tow 

llOTpe6yeM BbinOnHeH 

.. 

cu »'t.~ 
0 

c ' 
-·>>• 

Ro 

h cu 
0 

· R0 C--)-
M c2 c 

CU O H y - 'lSCTOT 

paCCTOllHHe Me~ 
BP -1 

HSIMH MOneKynbi (B CeK ) 

M -Macca Mpa (M ~~, .. M
5
), 

llponecc nepena~H sc 

npe.ttCTSBiiTb ce6e B BH.tte .. 
KOOPJliiHSTOli R 1 asny'la .. 
HaToli R 

2 
nornomaeT ¢01 

(39}- (40) s¢¢9KTHBHOe B] 

Hbi r - -
2-+ ~ ( - 1- . 
w c59/ wo 

paMa - R = -- ) , Hil'lTO 
cuo 

Mil ABH~eHHe gnep B Mone 

'ITO Mbl MO)I{eM npeae6pe'll 

ne aa c'leT Toro, 'ITO B n] 
11·cu

0 
pOCTb ·V = --. 

Me 
TaKHM o6pa3oM, B n: 

JliiHSTbl SIIlep npaKTil'leCKil 

CTBHe (30)-{31) )lns aen 

)leliCTBYIOIUHli B IIpOCTpSHC 

<P Cih ( n n:- K -KBSHTC 
nK 

neKynbi). lloCKOnbKY illHpH 



/ 

JlBIOKElHII Sl1 

oni!Cb!BaiO!llaSI JlBIIlK8HIIEl Il8HTpa IIH8pilll11, R , • 
. n.x. 

0 BI!Jl8Tb 1 CIIMMeTpii'IHa no OTHOWeHIIlO K non-

nocKOllbKY HaC IIHTepecyeT cnyqai 

JlanhnellweM' 6yJleM C'IHTaTb, 'ITo i =...l.ci +R ), 
, Iloilo 2 1 2 

lumreTH'18CKIIM ypOBHSIM JlBYX 'laCTIIIl' peSOHaHCHO 
,<i' 

none 11Slly'leHHSI1 COOTBeTCTByeT BOllHQ-

onpeJlelleHHOi CHMMeTpllll ('leTHOCTII) : 

C TeM,. 'ITO BHyTpeHHSISI ~yHKilHSI KBaSH-

11 B np11 nanii'IHII cnonTannoro nepexo)la 

OTHOCHTenbHO saMeHbl A .. B (eM. 

cnyqae MOlKeT 6b1Tb npeJlCTaBJiena B 

... .. 
Rt+R2). 

2 (37) 

... 
'anyTpennel! • ~yHKllllll 11 WHKUIIH cp ( R) 

B cny'lae nonyuenhlx cnHHOB npOTIIBononoJK-

MOlleKynhl 

MOlleKyny1 OJlHO 11a S!Jl8p KOTOpOi (B) 

a Jlpyr,oe ( A) - B OCHOBHOM1 npii'I8M o6a 

EyJleM no-npeJKHeMy C'IIITaTb, 'ITO 

, a pesynbTaTe.KoToporo o6pasyeTcst 

nonnast BOJIHOBaSI $YHKUHSI npOTOHa II 

HSOTOnii'18CKOro CnHHa, nonHaSI BOllHOBaSI ~yHK-

16/ 

MoneKyna c JlBYMH TOJKJleCTBeHHbiMII S!JlpaMH • HccneJlyeM BJIIIsiHHe pesonancnoro 

BSaiiMOJlellcTBIISI na apeMst lKIISHH aos6ylKJlennoro Slllpa B MoneKyne n · aa CTpYKTYPY 

MOJI8KYJIS!pHbiX ypOBHel! MOlleKyllbl C BOS6yJKJl8HHbiM S!JlpOM, 

noTpe6yeM BblnonaeHIISI cneJlyJOWHX aepaaeaCTB 

"'»-~"'- »~"'a-p»y 
0 'JI:OJI (39) 

_c __ »-~"' >>~"' >>'y 
R 

0 
KOJI 'ap 

(40) 

h"' R0 
(--0-) -« ~ 

a 
(41) 

1\1 c2 c 'KoJI 
.j"21[li(.i KOJI 

3JleCb ell 
0 

11 y - qacTOTa 11 WllpiiHa y _- Hsny'leHHH np11 pacnaJle B-+ A t ~ CU KOJI 

II ~ell BP paCCTOS!HIIe M8lKJlY COCeJlHIIMII KOne6aTElllbHbiMII II apamaTellbHblMII ypoa

-1 
nstMII MoneKynbi (a ceK ). R0 - cpeJla:ee paccTostnHe MelKJly S!JlpaMII A 11 B , 

M -Macca S!Jlpa (M A .. MB) J a - aMnllHTyJla KOne6anHA 'S!Jlep B MOJieKyne. 
· KOJI 

nponecc nepeJla~ll aos6ylKJleRIIH OT S!Jlpa B K S!JlPY A MoJKno narnMno 

npaJlCTaBIITb ce6e B BIII(8 COBOKyn.HOCTII nocneJlOBaTSJlbHbiX TOll'IKOB: S!JlpO B C 
... 

KOOPJliiHaToA R 1 
IISJiy'laeT ~OTOH · 11 nepeXOJliiT B Su1po A , a . S!JlPO ·A c KoopJlll-

naToA R 
2 

nornomaeT ~OTOH 11 nepexOJliiT B S!Jlpo B • np11 abmonnea1111 ycnoa11A· 

(39}- (40) a~~KTIIBHoe apeMst nepeJla'IH aos6yJKJleHIIH, paanoe no nopS!JlKY aeni!'IH- . 

2 Ro ( 1 · 
Hbl T - --+ -- --- BpeMSI BbllleTa HS S!Jlpa naKeTa y -KBaHTOB C pasMe-

ell 59/ "'o ·- · · · 
paMH - R = _c_ ) , HII'ITOlKHO Mano no cpaaneHIIIO ·c apeMeHaMH, xapaKTepllsyromn-

ello 
Mil JlBIIlK8HII8 Sl)lep B MOlleKyne, C JlpyroA CTOp0Hbl 1 HepaBeHCTBO (41) 03Ha'laeT1 

'ITO Mbl MOlKeM npeHe6pe'lb IISMElHElHIIElM B3ai!MilOrO pacnonoJKeHIISI S!Jlep B MOllElKY-

ne sa C'IElT TOro, 'ITO B nponecce · IISllY'IElHIISI ~OTOHa S!JlpO B npHo6peTaeT CK0'-
11·ell 

·V=--0-, 
Me 

TaKHM o6pasoM, 'a npH6nHJKennn (39)-:- (41) sa a~~eKTIIBHOe apeMSI· f Koop-, 

p.OCTb 

JlHHaTbl S!Jlep npaKTH'IeCKII ne ycneaaroT :KsMeHHTbCSI,. 3To osnaqaeT, 'ITO BSaHMOJlel!-

CTBHe (30) - (31) JlllSI nenOJlBIIlKHbiX nenTpOB cneJlyeT paccMaTpnaaTb KaK onepaTop, 

JlElACTBYIOilliiA B ~pQCTpaHCTBEl BOllHOBb!X ~yHKillll! OTHOCHTellbHOro JlBIIlK8HIISI S!Jlep 

¢ (ih ( n 11 K -KaanTOBble 'IHCna Kone6aTenbHb!X 11 apamaTenbnhlx ypoaneA Mo-
nK · ·. 

neKynbl), nocKOnbKY WHpllna' y cymeCTBElHHO MeHbwe BElllii'IIIH ~(I) II /:1.(1) J - - ~ - K~ 
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_,. 

Mbi MOJKeM C'IHTaTh, 'ITO C(R) u I) ( R }<:< 11 /'<.co (eM. (31)) II BOCnOnb30B8TbCg . 

Teopaell B03Mym~HIIH. 

BonHOBag lPYHKIIHg KBS3HCTSUIIOHSp!IbiX COCTOli!IIlil JlBYX gnep B JlBYXSTOMHOil 

MOfleKyne MOll{eT 6biTb 3SUIICSHa B 4JopMS (37). TipeJlCTSBIIM lPYHKUHIO OTHOCHTenb

IIOrO JlBIIlKeHag gaep B BIIJle npO!l3BeJleHHg BOflliOBOil lPYIIKUIIH KOneoaTeflbHOro JlBHlKe-
-+ ... • . 

Hllli ¢ (R) ( R"' I R - R I> 11 yrnoBoll lPYHKUIIH, xapaKTepn3yromeil BpameHHe Mone-
n . 1 2 · 

xynbi. YcpeJlHHM Teneph B3aiiMOJleikTBHe (30) no xoneoaTenbHOMY JlBIIJKeanro. Mbl 

nony'IIIM 
" -· _, ...... 2. 

±[C
11

+D
11

(Sn) 1 (42) u 
n 

rne 

~ 2 
C c{l¢ (R)I C(R)R dR 

n · n 
(43) 

D =fl¢ (R) 1
2 

D(R)R
2 

dR 
n n 

C (R} 11 D(R) OHpenenllroTCll no 4JopMyne (31). 

Cor naCHO § 3, 3HSK ( +) B 4JopMyne _l it2) COOTBeTCTByeT 'leT HOi! lPYIIKUHH . 
... ... ... ... ' 

¢ (R - R ), a 3HaK (-) - He'IeTHOll IPYHKUIIII ¢ ( R -R ) • B cnyqae :t -Tep-
ni< 1 2 ·· nK 1 2 

MOB (npoeKUHSI 3fleKTpOHHOrO MOMeHTa Ha OCb MOfleKyflbl paBHS Hynro) 3HSI{ Bblpa-

. JKeHIIll ( 42) onpenenlieTcg no 4JopMyne ( -1) K , rne K - Bpama~r.enhHbift MOMeHT Mo

neKynbi. 

rne 

Tiocne ycp~Jl!IeHIIli onepaTopa l42) no Bpamea11ro Monexynbi Mbi nony'IIIM 

" ... 

" " 
UnK"'± (C 11 +D

11
S

1 
St n

1
nt), 

" ,, " " n.n =n (K K +K K )+b o 
l t I< l k k l I< lk 

(44) 

3necb K - onepaTop coxpaHSiromerocli MOMe!ITa IIMnynhca MOneKynbi, paBHoro cyM.'"" 

Me MOMeHTOB aneKTpOHOB 11 OR611Tanbaoro MOMeHTa gaep. 
. ... ... 2 2 I . . 

H3- ycnoBIIil n 1 n 1 = 1 , (K n ) .,_A (A - npoeKUIIli anexTpO!IHoro MOMeHTa Mone

/10/ 
KYflbl Ha OCb) HaXOJliiM 

a K 
1 ( 1 ' . 1 4Y.(K+l)-3 -di(, bi<=311-2di<K(K+1)), 

3A
2 

d=---
1< K(K+l). (45) 
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Tiocne HecnolKHbiX npeo6pa30B< 

U =±[C +D l2t 
nK n n 

Co6cT~e*Hbie,. 3Ha'IeHIIg ~ ... ... ... 
Monexynbi J = K + S • 0KOH'Ia'I 

HbiX ypOBHeil B JlBYXSTOMIIOil 

I 
/'.EKJn-2 

Ecn11 K-» 1 .. 1 • LK+t,J(' LK-

LI<.+t,I< 

L-
K-t,K 

LKK=l 

_1_ 4 

2 

__ 1-

2 

TaK JKe, KaK n B cnyqae aenc 

o6ycnoBneHO gBneaneM HHTepq 

JlByx ·gnep A n B , CBli3. 

pHHbl /).y c BKfliO'ISeT B 
K Jn 

MoneKynbi BA , HaXOJlliiiieilc 

B03MOlKHbie COCTOliHHll MOfleK~ 

Cornacao (47), pe3oHal 

C 06bi'IHbiM KBSJlpyrionhHbiM B 

JlHT K CBepXTOHKOMY pacmenn 

HeHTe CBepXTOIIKOil CTpyKTyp~ 

CMOTpeiiHOe HSMII B3811MOJlefic 

'nonolKIITenbHbiX' 11 ,?TPIIUaTe 

Hllex)): KOMnOHeHTe Jly6neTa 

( +) 
1 

a KOMnOHeHTe Jly6neTa C 

(-) B .popMyne (47). B cny'I. 

x) 'TionoJKaTenhHb!M' 

Macce ('no'ITH' TOJKJleCTBeH 

1130TOIIY1 COOTBeTCTByiOT BpB 



o on<< 11 ~ (J) (eM. (31)) H BOCIIOnb30B8TbCSI 

COCTOSIHHfi ABYX SIAep B ABYXBTOMHOH 

(37). ilpeACTBBHM cpyHKIIHIO OTHOCHTenb

BOnHOBOH cpyHKUHH KOne6aTenbHOro ABH~e

cpyHKUHH, xapaKTepHsyromefi apameaHe Mone-

( 30) rro _ Kone6aTenbHOMY ABH~eHHio. Mbi 

" . .... .. 2. 

n(Sn) I, 
.,·i 

(42) 

(43) 

D(R)R
2 

dR 

COOTBeTCTByeT qeTHOH cpyHKUHH 
: _,.' ..... 

cpyHKIIHH </> - ( R - R ) • B cnyqae l: -Tep-- nK I 2 

MoneKynbi paaaa aynro) saaK Bbipa-

' rAe K - apamaorenbHbiil MOMeaT Mo-

( 42) IIO BpameHHIO MOneKynbl Mbl IIOny'iHM 

-· " 1\ --

+Dnslsknlnk), 
(44) 

" " 
+KY. )+b o 

k kl· K!k 

MoneKynbl, paaaoro cyM:""' 

MOMeHTa SIAep. 

· rrpoeKUHSI aneKTpoaaoro MOMeHTa Mone-

(1-d), b ~_!q_2d K(K+l)), 
K K 3 K 

3A 2 

~,· (45) 

Tiocne aecno~HbiX rrpeo6pasoaaaHfi Mbl Mo~eM aarrHcaTb: 

" " " " ........ 2 ...... 
U =HC +D l2bv+2dv(SI0 +dv(SK )1]. 

nK n n "" • r... r... (46) 

Co6CT..{le~Hble,. 3HaqeHHSI STOH MaTpHUbl 3aBHCHT OT IIOnaoro MOMeHTa HMIIynbCa .. .. .. 
MoneKynbi J ~ K + S • OKoaqaTenbHO. Ann CABHra aaeprHH tt H3MepeHHSI _mnpHHbl SIAep-

HbiX ypOBHeH B ABYXBTOMHOH MOneKyne Mbl IIOny'IHM cnenyromee Bblpa~eHHe: 

l 
~£ --11hy ~±[C +D l I 

K J n 2 K Jn n n J K 

Ecna K-» 1 = 1 • lK+l,i" L =.1_ l· ~ 
K-1, K 2 I K,K 1. B cnyqae A= 0 

L 
K,+l, K 

1 --+ 
2 

1 L R--
K-l,K 2 

lKK~l 

Y. _ _!_ 
.2' 

4K(K+1)-3 

K+L 
2 

4K(K+l)-3 
( K f 0) 

TaK ~e, KBK II B cnyqae HeiiOABHlKHbiX UeHTpOB, OTIIH'IUe OT HYIISI BeiiH'IliHbl fly 

(47) 

(48) 

K Jn 

o6ycnOBIIeHO SIBIIeHHeM liHTepcpepeHUHH IlpH y -pacrrane KOIIneKTHBHbiX COCTOSIHHH 

Aayx HAep A H B 1 CBli38HHblX IIOIIeM II3!IyqeHIIll. 3aMeTIIM, qTO 1!3MeHeHI!e llll!-

pi!Hbl fly 
K Jn 

BKIIIO'IaeT B ce6l! HaTep!j>epeHUIIOHHble a!j>!j>eKTbl OT y -rrepexonoa 

MoneKynbi B A , HBXOAS!llleHCSI B COCTOl!HHII- C KBBHTOBbiMII qi!CIIBMH , BO ace 

B03MOlKHble COCTOl!HIIll MOIIeKyiibl C ABYMll TOlKAeCTBeHHblMII S!APBMH 

nKJ 

A 

Cornacao (47), peaoaaacaoe B3aHMOAeficTBHe MeJKny SIApaMH A H B , HapSIAy 

C 06bi'IHbiM KBanpyiiOnbHbiM B38HMOAefiCTBHeM llllpa C aneKTpOHaMH MOIIeKyiibi, IIpHBO

AIIT K CBepXTOHKOMY pacmerrneHHIO MOIIeKynl!pHblX ypOBHefi. ilpll STOM Ka~Aofi. KOMIIQ

HeHTe CBepXTOIIKOfi CTpyKTypbl COOTBeTCTByeT CBOe apeMl! ~1131IH. KpoMe TOrO, pac

CMOTpe!IHOe !IaMH B38HMOileHCTBHe S!Aep BHOCHT cymeCTBeHHblll BKIIBA B pacmenneHHe 

'nonolKHTenbHbiX' 11 OTpanaTenbHbiX, ypoaaefi MoneKyiibi np11 A ,;, 0 l A -YABOe-

" 
Hllex) ): KOMIIOHeHTe ny6neTa C qeTHOH !j>yHKUHefi </> (R) COOTBeTCTByeT 3HaK 

nK 

( +) 1 a KOMIIOHeHTe Ay6neTa C He'IeTHOH !j>yHK!lHefi </> ( ~) COOTBeTCTByeT 3H8K 
nK ' 

(-) B !j>opMyne (47). B cnyqae l: -TepMOB (A~ 0) npn qeTHbiX saaqeannx K 

x) •nono~HTenbHbiM' n 'oTpHnaTenbHbiM' ypoaHSIM MoneKynbl c 6nR3KHMH no 

Macce ('nO'ITII' TO~IleCTBeHHblMH) SIApaMHi OTHOCS!lllHMHCSI K OAHOMY H TOMy ~e 
H30Tony, COOTBeTCTBYIOT BpamaTenbHble COCTOSIHHSI C onpeneneHHOH CHMMeTpHefi. 
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l 

cjJOpMyny ( 47) cnenyeT IIHCaTb CO 3HaKOM ( +), IIpH He'leTHblX 3Ha'leHHHX 

3HaKOM (-), 
K -co 

Ox!eHHM aenH'IHHy YJta3aHHblX HaMH scbdleKTOB, l13aeCTHo, 'ITO 
111 me ) l/2 O 18 -1:: me -6 m -8 

Ac.Jxolf'IO (-- , Ac.J 8p"'l ceK K--,Bxon J!.,IO CM (--=::...!t.l,R .. 10 CM xon M 1/. &< 

( m e - Macca sneKTpona). ITyCT& m /M ., 10 -s , K .. 10 ('ITO COOTBeTCTBYeT TeMne

paType 300°K),'TorJJa H3 COOTHOWeHHH \39)-(41) cneJJyeT, 'ITO cjJopMyna (47} cnpa-

aennuaa npa ycnoaaa: 

22 -1 . . 13 -1 
IC CeK >>' c.J o» 3. 10 cex ,( .. 0, 03 SB 

12 -1 -3 y« 10 CeK ( .. JQ SB ). 

nerKO BHJleT&, 'ITO aenH'IHHbl C H I) 
b2 n c.J 2 n 

unan&Ho ManblMH ( - exp ( - -----" 

B cjJopMynax 

) , ecnu 

(43) CTaHOBS!TCS! 
c.J a 

0 KOU > 1 
c 

SKCIIOHeH-

• TaKHM 
2c 2 1.1 "'xon 

o6pa30M, ecna aepOHTHOCTb aoa6y11<AeHHH xone6aTenbHblX ypoanelt MoneKynhl npa 

y -pacpane (BKniO'IIIS! JlHCCOUHaUHIO) 6nH3KII K enHHHUe, BCe paCCMOTpeHHble BbiWe 

scjJcjJeKThl, KaK H cnenoaano omnnaT&, acqeaaroT. CneJJoaaTen&no, Mbl nonmHbl orpa-

IUI'IHT&CH 'IIICTOTaMH y -H3ny'leHHS! 

c <---- 10 
2° CeK -

1 
, ( -60 KSB c.J 

0 
) . 

a Kon 

113 COOTHOWeHHlt (31), \43) H (47) cnenyeT, 'ITO IIpH 

( 3 KSB < b c.J < !!0 KSB 
0 

1:! E n JK - 1! l:l Y n J K .,. 1l Y 
c 

c.Jo R 

"'oRo > 1 
c 

(49) 

(50) 

3aMeTHM, 'ITO BenH'IHHa B cjJOpMYnax (50) H (31) pasHa panHaUHOHHOR WHpHHe 

C y'leTOM BHyTpeHHelt KOHBepCHH sneKTpOHOB 

y 

ao36ymnennoro gnpa, 

Y nonn c 
I:!EnJK-h£\y,JK- h 

c.J R 1 + a KOHB 0 0 

rne a KOHB - KOScjJcjJHUHeHT BHyTpeHHefi KOHBepCHH, Y IIOnH 

nonypacnana B036ymnennoro gnpa a a3onnpoaaHHOM aToMe. 
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(51) 

ln2 T • T1/2- nepaon 
1/2 

Cornacno (51),. 
c.JoRo --C--> 1 .(STOMY Tpe6oaaHHIO YJJOBneTBOpi'!IOT ace H3B 

Hhle y -nepeXOAbl), nonpaBKH K SHepreTH'IeCKHM ypOBHS!M MOneKynbl O'leHb ~ 
x) -6 . -1 · · 

nbl , -CneJJyeT, onHaKO, OTMeTH~, _'ITO npa y>10 CeK pe30HaHCHOe B3a1 

nelkTBHe MemJJy S!ApaMH BHOCHT OCHOBHOli: BKnan B pacwenneHae n -TepMOB M• 

Kynbl, HaH60nbWHA HHTepec npeJJCTaanHeT aaBHCHMOCT& apeMeHa ma3HH aoa6y)!{ 

HOro S!Apa OT KBaHTOBblX 'IHCen MOneKynbi, HanpHMep, B cnyqae MOneKynbl Br*tr 
T '- -9 /11/ . 

(E1 - nepexon c snepraeii 37 KSB, 1; 2 .. 4•10 ceK , a .. J,S ) OTHI 
· · KOHB 

Ten&HaS! pa3HHUII apeMeH mH3HH AnSI ! -COCTOS!HHH C apamaTen&HblMH MOMeHT~ 

·K H K + 1 COCTaBnHeT npiiMepHO 5%, 3cjlcjJeKTbl. T8KOrO poJJa B UpHHUH~e MOI 

6hiTJ> aaMe'leHhi sKcnepaMeHTanbHO. 

3aMeTHM, 'ITO xoTH Mbl pacCMOTpena nnw& cnyqali: E1-nepexoJJa Memny .c' 

\ • HHS!MH CO CIIHHaMH SA= 0 H S B c 1 , OCHOBHble BblBOAbi HaCTOswleH pa60Thi, 

'IllS! oneHKH (50)- (51) , OCTaiOTCS! B c~;~ne UpH nro6biX 3Ha'leHHS!X CUHHOB SA 

H UpH nro6oli Myn&THUOnbHOCTR y -H3ny'leHHS!, TlpH STOM pe'lb M011<eT _HATH He 

KO 0 8BYXIITOMHbiX MOneKynaX (co CB0608HbiMH HnH C OpHeHTHpOBaHHblMH .OCS!MH) t 

·nro6biX. XHMH'ieCKHX COe8HHeHHS!X1 B COCTaB KOTOpb!X BXOSS!T _naa OSHHaKOBblX aT 

( B006IUe rOBOpS!, TaKHX a TO MOB 'MomeT 6b1Tb aeCKOnbKO), SlAp a KOTOpblX o6n88i 

ansKonemaiUHMH aoa6ymneaBblMH ypoBHHMH. 11aaecTao aecKon&KO necSITKOB "'Me 
. /11/ 

spoacKHX"' y 
7

nepexonoB c .saepraeil: Mea&we 60-70 KSB • B qacTBOCTH, 1 

omHnaT&, 'ITO a 
. . -8 

Tl/;" 1,14•10 

coenHaeaaHX .Fe* 57 Fe 57 0 . 3 

ceK, a = 15 ) , AJ*
28 

(~1-E2 nepexon c saeprHelt 14 

AJ, 28 (S0
4

)
3 

(Mt.:.E2) 
. KOHB _9 

xon c saeprHeli 31 KSB, T I = 2,3 •10 ceK, 
. 1 2 -8 . 

a = 2) , As*72 As72 
-· nep1 

KOHB • 

saeprHeli 46 KsB, T 
1
/2 = 1,5 • 10 · ceK, a ., f ) , scjJcjJeKT H3MeHeHHll BpE 

KOHB 
11<H3HH aoa6ymneaaoro S!Apa · nociHraeT 1-5% ( Mbl non:bayeMCll naaahlMH Ta6nai 

AaTop BbipamaeT rny6oKYIQ 6naronapHOCTb ~.11. ITonropenKOJI1Y 3a BHHMI 

K -pa60Te a ueHHble o6cymnea~H. 

x) ITpn c.J oRo 1 ---.-< 
c 

c s - · "CIJ R 
t\ En J K- y ( ~) ' 1m C ~ y • [m D - y ( __ o_o )2 

c.J R n n C 
0 0 

21 



··-,. ~-~~---~--~··--·H,'~·-· "" 

co 3HaKOM ( +), np~~: He'l:eTHbiX 3Ha'l:eHHSIX K - co 

HaMH adxDeKTOB, HaaecTao, 'ITO 
18 -1 :K_- me I. o-e m ) -e 

.,JQ CeK -,aKon ~""1 CM (~ ,R ""10 CM Bp J,! !' 
-s . . 

'm.,/Af,. 10 , l{.,JO ('ITO COOTBeTCTByeT TeMne-

laomeHHSI (39)- ( 41) cnenyeT, 'ITo cjlopMyna ( 47) cnpa-

. u -1 
. C<J » 3. 10 CeK ,("" 0, OJ 3B 

0 

12 -1 -3 
10 CeK ("' 10 3B ). 

!) 
n B ljJopMynax 

) , ecna 

(43) CTaHOBSITCSI 
cu a 

0 KOD > 1 
c 

.,...,~ 

3KCI!OHeH

• TaKHM 

Kone6aTellbHbiX ypoaaell MoneKynbr np11: 

8llHHHUe, Bee paCCMOTpeHHble Bb!Ille 

CnenoaaTenaao, Mbi nomKHbl orpa-

- 10 
2° CeK -

1 
, (- 60 KSB ) • 

cnenyeT, 'ITO npa 

c -. 
C<Jo R o 

"'a Ro 
----- > 1 c 

(49) 

(50} 

pasHa pasH:aUHOHHoJl IIIHPII:He 

.KOHBepCH:H aneKTpOHOB 

Y nona c -+ Cl·KOHB (,) R 
0 0 

KOHBepfHH, Y nona·= 

H30nH:pOBaHHOM aTOMe, 

(51) 

ln2 
- , T/- nep~~:on T I 2 

1/2 

C<JoRo · . 
Cornacao (51),. ---> 1 _(aToMy Tpe6oaaHHJO ynoaneTaop!IJOT ace H3BeCT-· c . 

Hble Y -nepeXOllbl) 1 nonpaBKH K 3HepreTH:'l:eCKHM YPOBHSIM MOneKynbl O'l:eHb Ma-
x) · -6 -1. · 

nbr • CnenyeT, onaaKo, OTMeTH~, _'ITO np11: y>10 ceK peaoaaacaoe B3BHMo-

neficTaH:e Me>Klly smpaMH BHOCHT OCHOBHOJl BKnan B pacmennaHHe ll -TepMOB MOne

Kynbl, Ha~~:6ollbmHA HHTepec npencTasnHeT aasHCHMOCTb ai>eMeHH >KH3HH aoa6y>KneH

aoro Slllpa OT KBaHTOBbiX 'IHcen Monexynbi, HanpHMep, B cny'lae ~oneKynbi Br*S''Br 80 

. -9 Ill/ 
(E1 - nepexon c aaepr~~:eA 37 xas, T/2""4•10 ceK , a .. 1,5 ) OTHOCH-

1 KOHB 
TenbHBSl pa3HHUa BpeMeH >KH3HH llnSI ! -COCTOSIHHA C BpamaTenbHbiMH MOMeHTaMH 

·K .a K + 1 cocTaBnSieT npiiMepao 5%, 81jJ!jJeKTbi · TaKoro pona s npHHUH:ne MOrYT 

6biTb 3aMe'laHbl 3KCnepH:MeHTBIIbHO, 

3aMeTHM1 'ITO XOTSI Mbl paCCMOTpenH: nH:Illb cny'lafi El-nepexosa M8>Klly COCTOSI-

HHSIMH CO CllH:HaMH S = 0 H S = 1 , OCHOBHb!e BbiBOllbl HBCTOSIIIleA pa60Tbl, BKnro-• .. · A B 

'laH 0118HKH (50).;.. (51), OCT.!IIOTCSI s'· C~ne llpH nJ06biX 3H8'18HHSIX Cl!HHOB SA H S
8 

H npH nro6oJl MynbTHI!OnbHOCTii y -H3ny'leHHSI, IlpH 3TOM pe'l:b MO:IKeT HllTH He TOnb

KO 0 ABYXBTOMHblX MoneKynax (co CB060AHblMH HnH C OpHeHTHpOBiiHHbiMH OCSIMH), HO H 0 

·nl06b!X. XHMH'IeCKHX . COSAHH8HHSIX1 B COCTaB KOTOpblX BXOASIT ABB OAHHBKOBbiX STOMa 

(B006me rOBOpSI, TaKHX BTOMOB ko>KeT 6blTb HaCKOIIbKO) 
1 

smpa KOTOpb!X o6naABIOT 

HHSKone>KamHMH aos6y>KneHHbiMH yp.osHSIMH, HssecTao aecKonbKO necSITKOB 'Mecc6ay-
. /11/ 

apOBCKHx' y :-nepexonos c aneprnel!: MeHbiila 60-70 KSB • B 'l:BCTHOCTH, MO>KHO 

O>KHAaTb, 'ITO B coenaHeHHSIX .Fe* 57 Fe 57 0 (M1-E2 nepexon c aaeprael!: 14 xas, . 3 

T_ 1 = 1;14·10-
8 

ceK, a = 15), Al* 28 AJ. 28 (SO )
3 

(M1:...E2) nepe-
u2 ~~ ~ · . 4 

xon c aneprael!: 31 xas, T I = 2,3 • 10 ceK, a = 2) , As*72 As .,.2 -· nepexon c 
I 2 _ 8 . KOHB. 

3Hepraeli 46 K3B1 T / 2 = 1,5' 10 . CeK, a "'1' ) , aljJijJeKT H3MeHeHHSI BpeMeHH 
1 . KOHB . · /11 12/ 

>KH3HH B036y>KA8HHOrO SIApil· AOCTHraeT 1-5% ( Mbl l!OIIb3yeMCSI llaHHblMH Ta6nHU ' } • 

AsTop Bbrpa>KaeT rny6oKY1Qi 6naronapnocTb M.H. ITonropeuKo.11Y aa BHHMaHHe 

K pa60Te H UeHHble o6cy>KAeH~SI. 

x) Ilp.a 
C<J R 
~<1. 

c 

c s . -· -· "C<J R 
1.\Ena-r<-.--) ,lmcn~Y. Im Dn -y(-_o_ol2 

C<J R c 
0 0 
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