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§1. BB en e H n e 

B ocHoae KBaGHnoTeHunanbHoro MeTona B Teopmr nom1, .npenno)KeHHoro 

. . Ill 
noryHOBbIM n Taaxennn3e , ne)KHT ncnonb30BaHne nayxapeMeHHoii cpyHK-

unn , rpnHa CHCTeMbl "!aCTHU. CBSJ3aHHbie COCTOSIHHSJ TaKoii CHCTeMbl npH 

9TOM OilHCbIBaIOTCSJ OllHOBpeMeHHOH BOnHOBOU cpyHKUHeii, ynoaneTBOpSIIOII{eii 

KBa3HilOTeHuHanbHOMY ypaBHeHHIO THila WpenHHrepa C KOMnneKCHbIM, 3aBH

CSJII{HM OT 9HeprHH n, B006me roBOpSI, HenoKanbHbIM IlOTeHUHanoM. 0CHOBHblM 

llOCTOHHCTBOM 9Toro ypaBHeHHSJ SJBnSieTCSJ ero TpexMepHblU xapaKTep, "ITO 

npOSIBnSJeTCSJ B OTCYTCTBHH HecpH3H"IeCKoro napaMeTpa OTHOCHTenbHoro Bpe

MeHH (nnH COOTBeTCTBeHHO OTHOCHTenbHOU 9Heprnn). 8To o6CTOSITenbCTBO 

Il03BOnSJeT HaiiTH HHTepnpeTaUHIO !pH3H"I0CKOro CMbICna BOnHOBOU cpyHKUHH
121• 

3aBHCHMOCTb SIil pa ypaBH0HHSJ ( KBa3HilOT0HUHana) OT 9HeprHH npHBOllHT, 

onHaKo, KaK 6yneT noKa3aHo HH)Ke,. K 6onee. cnO)KHOMY ycnoBHIO HOPMHPOBKH, 

xopowo H3BecTHoMy nmi. MHoroapeMeHHOii aonuoaoii cpyHKUHH BeTe-ConmrTe-

131 
pa • KaaGnnoTenunanbHOe ypaaneune MO)KeT 6&1Tb nony"IeHo nnSJ cncTeM&I 

141 
n106oro "IHCna "!aCTHU C npoH3BonbHblMII Cill!HaMn. Ono C ycnexoM 6bmO 

npnMeneno nnSJ .Bb1'l:11cneum1 nonpaaoK K ypoBHSJM auepr1111 aonopononono6u&1x 

. u 151 B 
Cl!CTeM B paMKaX KBaHTOBOH aneKTPOlll!HaMl!Kll • &ma paccMoTpeHa TaK>Ke 
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/6/ 
npo6neMa HaXO)Kll9HlHI noKanbHblX TOKOB COCTaBHbJX qacTHU • B nocnen-

H99 apeMSI HCnonb30BaHH9 KBasHnoTeHuHanb,oro ypaBH9HHSI THna nHnnMaHa

lliBHHrepa C raycCOBCKHM noTeHuHanoM nosaonHno o6~SICHHTb PSill CBOHCTB 

/7/ 
aMnn:ITTYllbl pacceSIHHSI npH BbJCOKHX 8HeprHSIX 

B §2 nony'leH 061llHll Blill KB83HnOT9HUHanbHOro ypaBH9HHSI nnSI CHC-

TeMbl N '18CTHU C npOH3BOnbHbIMH cnHH8MH H ycnoBHe HOpMHpOBKH nnSI 

aonHOBOll cpyHKUHH T8KOll CHCT9Mbl. 

B §3 naHo onpeneneHHe MaTpH'IHOro aneMeHTa noKanhHoro onepaTopa 

nnSI CBSI38HHhlX COCTOSIHHll H paCCMOTpeHa ero CBSI3b C ycnoBHSIMH HOpMH

pOBKH H opToroHanhHOCTH KB83HnOT9HUH8nhHbIX BOnHOBbIX cpyHKUHll. ilnSI CHC

T9Mbl B cna6.oM BH9llIH9M B9KTOpHOM none nony'leHo o6bl"IH09 MynhTHnonh

HOe pasno)KeHHe. 

2, HeKOTOpbi9 OOlllH9 CBOllCTBa KB83HnoTeHUH8nhHOro YP,8BH9HHSI 

PacCMOTpHM ~ypbe-npeo6pa30B8HHe llBYXBpeMeHHOll cpyHKUHH fpHH8 

B HMrrynhCHOM I1pOCTp8HCTB9e TI yCTb 

p=(p, ;P2•···PN) H q ,.(q I ,q 2; .. , qN) 

o6oaH8'18IOT COBOKYITHOCTb HMrrynhCOB KOH9'1HOro H HB'lanhHOro COCTOSIHHH,a 

➔ (➔ ➔ ➔ 
X = xl ,x2, •• , XN H 

➔ (➔ ➔ ➔ ) 
Y = Y 1•Y2 , ••• , Y N 

- . COOTB9TCTBYIOlllH9 KOO.p/lHH8Tble BaeneM .(lanee aenH'IHHY E - nonHy10 • 

aHeprHIO CHCT9MbI H nonHbie HMrrynbCbI KOH9'1Horo H Ha'lanhHoro COCT0SIHHH 

➔ N ➔ 
p = I p I 

l:d 

➔ N ➔ 

Q = I q, 
1=1 

Torna no onpeneneHHIO H C y'li'.!TOM TI)8HCnSIUliOHHOll HHB8pH8HTHOCTH 

4 

3 ➔ ➔ ➔ ~ N➔ N➔ N ➔ ➔ N ➔ ➔ 
i (211) o(P-Q)GN(p,q ;E) = f dtd xd y exp [iEt-i I (p X )+ i I (q y )]x 

N ➔ ➔ ➔ ➔ 
,rne d _x=dx 1dx 2 ••• dxN 

X G N( it' y ; t ) ' 
k=I k k k=l k k 

N ➔ 
H aHanorH'IHO d y 

"' + + 
GN(x➔,y; d=<O !Tl ¢

1
(t,;

1
) ••• ¢N(t,x➔N)¢N(O,y~..,.) ... ¢

1
(0,t

1 
)l IO>. 

Hcnonh3YSI onpeneneHHe T -npOH3B9ll9HHSI qepes 0 - qJYHKUHH, 

/1/ ' 
nerKO nonytIHTb cneKTpanbHOe npe/lCTt1BneHHe nnSI cpyHKUHH GN 

➔➔ 

( 2.1) 

G N(p 'q; E >= jdE'[ iJiq;E') - iN(p, ~;E')l.P=Q, 
0 E-E'+ie + E+E'-ic 

( 2.2) 

rne 

3 - ➔ ➔ ➔ * 
I (p,q;E)=(2rr) Io(E-En)o(P-K Jxon(p) © Xon(q) 

N n n 

"' ➔➔ 3 
IN( p 'q ; E) = (2 77) 

➔ ➔ ➔ * 
Io(E-En)o(P+Knh;,

0 
(p)0x

110
(q) 

n 

3 ➔ ➔ N ➔ N ➔ ➔ ➔ 
(211) o(P-K )x.0 (p)=fd xexp[-iI(p x )]<01 ¢,(0,x ) ••. ¢ (O,x )In>. 

n n k=I k k I I N N 

Bbr6op 3H8K8 <:;) B CI19KTpanbHOM rrpencTaaneHHli ( 2) 38BHCHT OT 

CBOHCTB KOMMyTaUHli orrepaTopoB ¢, (cM. HH;>Ke). renaeH6eproacKHe 

OrrepaTOpbI cp( 0; x() MO;>KHO OTO)K/l9CTBHTb C H938BHCSilllliMH OT Bp9M9HII 

llip9/lHHrepoBCKHMH orrepaTopaMH. OnpenenHM Tenepb BOnHOBYIO cpyHKUHIO 

penS!THBHCTCKOll CliCT9MbI B HMnynbCHOM rrpocTpaHCTBe 

IJI (p) = v' 2E )(
0 

(p ), K = P, 
n n n n 

( 2.3) 

5 



KOTopaSI SIBnSieTCSI ¢ypbe-rrpeo6pa30B8HII9M OllHOBpeMeHHOll BOnHOBOll ¢yHK

UIIII. 3Ty BOnHOByro ¢yHKUIIID MO*HO IIHTeprrpeTIIpoBaTb KaK aMrrnIITyny Bepo
• 

SITHOCTII Haxo*neHIISI B cocTOSIHIIII I n > qacTIIU, orrIIcbrnaeMbIX orrepaTopa-

MII <p ••••• <p • 
1 N 

LlorryCTIIM Terrepb, 'ITO cpenII rronHoro Ha6opa CTaUIIOHapHb!X COCTO-

SIHIItt I n > IIMeeTcSI CBSI3aHHoe cocTOSIHIIe I B > 

N 

E =v'K
2

+M
2

• M <~m 
B B B B 1=1 I 

C 9HeprIIell 

B 9TOM cny<Iae, KaK cnenyeT II3 crreKTpanhHoro rrpencTaBneHIISI 

¢yHKUIISI fpIIHa IIMeeT rronroc B TO'IKe E = EB 

G (p,q;E);; 
N 

➔ (➔) ➔ ➔ 
'P B(p) 0 'PB q KB= p,,, Q 

2E {E-EB ) 
B 

BBeneM Terrepb orrepaTop KB83IIITOT9HUIIana V 

G -i .. G- 1 -V 
0 

II B6nII3II rronroca 

( 2. 1) I 

( 2.4) 

( 2.5) 

rne Go -nByxBp9M9HH8SI ¢yHKUIISI fpHHa CBo6onHbIX, H9B38IlMOil9llCTByrownx 

qacTHU. 0 6bl'IHO 6bIB8eT yno6Hee Bb!pa)l{8Tb orrepaTop KB83IlITOTeHuHana qe

pea aMrrnnTyny pacceSIHHSI T BHe M8CCOBOll ITOBepXHOCTII, orrpeneneH_Hyro 

cnenyrow11M o6pasoM: 

G -G
O 
-G

0 
T G

0 
• 

6 

Torna BMecTo paBeHCTBa ( 2.5) MbI nony<IIIM 9KBIIBaneHTHoe onpenene-

HIIe 

-1 
V =T(l + G

0 
T ) ( 2.5a) 

rne YMHO*eHIIe IlOHIIMaeTCSI B onepaTopHOM CMbICne KaK IIHTerpIIpoBaHIIe 

no npoCTpaHCTBY TpexMepHbIX IIMrrynhCOBo 113 qqeBIIllHb!X To*necTB 

- -1 -1 
G G =G G = I 

II rrpencTaBneHIISI ( 2.4) cnenyeT, 'ITO BOnHOB8SI ¢yHKUIISI 'PB 

eT ypaBHeHIISIM 

-1 * -1 * 
G o 'PB = V 'P B • 'PB Go = 'P B V 

( 2.6) 

ynoBneTBOpSI-

· ( 2. 7) 

YMHO*asi To*necTBa ( 2. 6) Ha G 

XOllIIM K COOTHOllieHIIID 

n ncrronhsysi onpeneneHne ( 2.5), rrpn-

G(G-
1 

-V)G=G 
( 2.8) 

I1pnpaBHHB8SI BbI'leTbl B rronroce npu E = EB B o6enx '18CTSIX paBeH-

CTBa ( 2.8) c Y'IE:!TOM rrpencTaBneHHSI ( 2.4) n ypaBHeHIIll ( 2. 7), Mb! rrony'IHM 

/6 8/ 
ycnoBHe HOpMilpOBKil nnsi BOnHOBOtt ¢YHKUilil ' 

* a -1 

'PB [aE(G o ,..v)]E=E B 'Ps~EB 

7 



nnH B 5onee nonpo5aofi aanHcn 

N ➔ N ➔ * ➔ a -I ➔ ➔ ➔ ➔ 
Jd pd q'P

8
(p}- aE[G 0 N(p,q;E)-VN(p,q;E)1E=EB 'PB(q)=2E 8 , 

( 2.9) 

rne 
N ➔ -3N ➔ 

d p =(2") d p1 

➔ ➔ 3 ➔ ➔ N➔ 
dp2 ••• d pN (27T) 8 ( P -K8 ) n aaanorn'IHD d q 

Bb16op BeKTopa K 8 onp_enemreT cncTeMy oTc'IeTa. B qacTaocTn, 

K = 0 ipnKcnpyeT cncTeMy ueaTpa Mace ( nnn 'ITO To )Ke caM oe -
B 

cncTeM~ ITDKDSI CBSI38HHDI'D CDCTDSIHllSI), 

3afiMeMcsr Teneph 5onee nonpo5HbIM nccnenoBaaneM cTpyKTypbI one-

paTopa G
O 

, xapaKTepnay1Dmero pacrrpocTpaaeane cno5onHbIX HeB3anMo-

neficTBYIDIIlllX 'IBCTHU. TTpH 9TOM yno5HO aenocpencTB9HHD Bocnonh3DB8ThCSI 

cneKTpanhHbIMH npencTaBneane,M ( 2.2). TTycTh IO> H In> - neKTDpbI 

COCTDSIHHfi I'DnbIX H9B38HMDneficTBYIDIIlllX 'IBCTHU. Torna, D'I9BHnHo, OTnH'IHbifi 

OT Hynsr BKnan na1DT TDnhKD CDCTDSIHHSI C n= N 

aysr o5bI'IHb!9 KDMMYTBUHDHHbI_e CDDTHDIII9HHSI 

3 ➔ ➔ ➔ N 3 ➔ ,.. U I (pl) 
(27T) B(P-KN>xoN(p)= Il (27T) B(p 11(1 )'-' -=== 

l=I y'2, l(pl) 

rne 

' t ( P1 ) = y' P: + m: ' 

H Mb! nonyqaeM, HCilDnh-

u ( p) ' - BDnHDBbie ipyHKUHl:I CBD5onHblX qaCTl:IU C nonO)l{llTenhHOfi 9Heprn-
j 

efi ( Cill:IHDBbie ~HneKCbl onymeHbI)' HOpMnpoBaHHbie ycnDBl:leM 

~ (p)o (p) •t 'I (p) 

8 

nnsr ipepMl:IDHDB 

.unsr 503DHDB 

I . 

A aanornqao, 

3 ➔➔ ➔ N 3 ➔ ➔ 
<2") B(P-KN)xN0(p)=-!1

1 
(2") B(p 1 -k 1 > V 1<1\ ) 

V2 £1(pl) 

rne v(p)- BDnHDBaSI IPYHKUl:ISI CBD5o.unofi 'IBCTllUbl C DTpl:IUaTenhHbIM 3Ha-

qeHl:leM aaepr1:11:1. Tor.ua cneKTpanhHbxe ipyaxunn I(p ,q; E) B npe.ncTaBnenn1:1 

( 2,2) npnHnMa!DT Bn.n: 

* 3 . ➔. , ➔ ➔ ➔ N N 3 ➔ ➔ 
(27T) B(P-Q)I(p,q;E)=B(E- ;Ji(pj)\!1(27T) B(pl-ql) ul(pl)(S'J -u/p,) 

2 ( I (p I) 

( 2. 10) 

( 
3 ➔ ➔ 1 ➔ ➔ 1f N 3 ➔ ➔ 

217) B(P-Q) (p,q;E)=B(E- i, (p )) Il (27T) B(p -q ) 
* 

VI (p I ) €) V I (pl ) 

· J=I l l 1=1 _ I I 2, /pt) 

l:I Mb! nonyqaeM Bb!pa)KeHne .unsr ipyHKUlll:I fpnHa HeB3allMO.UeficTBYIDIIlllX 

'IBCTl:IU 

N (+) N (-) 

3 ➔ ➔ ➔ ➔ N 3 ➔ ➔ 1.!li A1 (p I ) 1=11 A I ( p I ) I 
(27T) B(P-Q)G (p,q;E)=Il(27T) B(pk-qk)I l'i ( )+ E ~ ( ) '(2.11) 

ON k=I E - ,2; ( p . + .,;.., ( p j 
l=I j l · J=I l 

r.ue 

(+) * A (p} .. u(p)Gu (p) 

2 ( (p) 

(-) 
A {p) = 

* v(p} ®v'(p) 

2, (p ) . 

9 



o6b!"lHbie rrpoeKUHOHHbie ~mepaTopbl Ka3HMHpa Ha COCTOSIHHSI C rronO)KHTenb

HOH H oTpnuaTenbHOH 9Heprneu (nng ynpomeHHSI 38IIHCH cyMMa no IIOnSipH-

38UHOHHblM HHAeKcaM orrymeHa) co CBOHCTB8MH (nnSI qiepMHOHOB): 

(+) (+) (-) (-) 

/\ ( p) u ( p) =u ( p), A ( p) v ( p) = 0; A (p) u ( p) = 0, A ( p) v ( p ) = v( p ) . 

3HaK rrepen BTOpb!M cnaraeMb!M 38BHCHT OT CBOtl:CTB KOMMyTaUHH 

orrepaTopoB </> • .llnSI 6o30HOB HY)KHO 6paTb Bcerna 3HaK MHHyc • .llnSI 

.qiepMHOHOB Mb! rrony<IHM MHHYC B cnytJae tJeTHoro tJHcna qaCTHU H 3HaK 

rrn10c - B cnytJae HetJeTHoro. 

PaccMOTpHM Terrepb .HecKonbKO IIpHMepoB. B cnyqae HepenSITHBHCT-. 

CKoro ypaBHeHHSI Wpemrnrepa Mb!, OtJeBHAHO, HMeeM 

2 
3 ➔ ➔ -1 ➔ ➔ N 3 ➔ ➔ N N P, 

(2 rr) 8 ( P -Q) G ( p , q ; E ) = TI (2 rr) 8 (p - q ) I E - I m - I -- l 
0 N l=1 l • l 1=1 I t=I 2m 

I 

( 2.12) 

11, ecnn rroTeHunan He 3aBHCHT OT aHepr1111, ycnosne aopMnpoBKH (2.9) 

IIpHHHMaeT o6bI'IHYIO qiopMy 

f dN p l'l'B (p) 12 = 2EB. ( 2.13) 

TiepeXOAHM Terrepb K ·pem1THBHCTCKHM CHCTeMa1'i. H HatJHeM C rrpo

CTetl:111ero cnyqag ( rrceBAO) CKanSipHbIX tJaCTHU. Torna, OtJeBHAHO, 

<-> -~l t> ( p) = A ( P) = 2 E(p) 

II Mb! rrpHXOAHM K qiopMyne 

10 

N 3 ➔ ➔ 
3 ➔ ➔ -1 ➔ ➔ k!.11 (27 ) B( p kqk) 2£k(pJ 2 N 2 

(27) B(P-Q)G (p,q;E)= - N IE -[IE,(p,)] I. 
ON l=I 

2,:/,(p,) (2.14) 

Ksa3HIIOTemmanbHOe ypaBHeHHe ( 7) IIpHHHM aeT BHA 

2 N N . 

I E - [ 2 ( ( p ) ] 21 'l' ( ➔) = 2 
,;1 ( I ( p I ) 

I =1 I I B p --'N_.;..__:._:.... f dNq V N(p,q; E) 'l'B(q), 

k!]l 2 £ k ( pk) 

a ycnosne HOpMHpOBKH (9) BOnHOBOH qiyHKUHH BbirnSIAHT KaK 

N 

* Tl 2 E (p ) * · 
N➔ .... ~"l k k m < .... > 1 N➔ N➔ ➔ a ➔ ➔ ➔ 

Jd p'l'B(p) N -rB p -z"E;Jd qd p'l'B(p)[aE V(p,q;E)]E=E x\(q)=l 
22£ (p) ·B 

l=I I I 

B '18CTHOCTH, IIpH N = 2 ➔ ➔ 

B cncTeMe ueHTpa Mace (P=Q=O; 
➔ ➔ ➔ ➔ ➔ ➔ 

q 1=-q 2 = q P1 =-p2 = p HMeeM 

2 .. 2 ➔ ( (p)+E/p) } ➔ ➔ ➔ ➔ 
·IE -[, 1{p)+12 (p)] l'l'

8
(p)- 1 •--

3
JdqV(p,q;E)'l' (q). 

2£
1 
(p)c 

2
(p) (211) B ( 2.16) 

B cnytJae 'IBCTHU C Bb!CUIHMH CIIHHaMR rrono>KeHHe HeCKOnbKO ocno>K-

HSieTCSI TeM, 'ITO orrepaTop G0 , soo6me rosopSI, He HMeeT o6paTHoro, 

T.e. 

Det G
0

,. O. 
( 2.17) 

3To CBOHCTBO cnenyeT.HerrocpencTBeHHO 113 SIBHoro Bhlpa>KeHHSI- (2.11) 

AnSI G (I • B CaMOM aene, CHCTeMa rrpoeKUIIOHHbIX _onepaTopoB, CTOSIIUHX 

11 



B 3HaMeHaTem1x 8TOI'O Bb!pa)KeHHH, He SIBmieTCSI nonHoli, TaK KaK OTCyT

CTBYJOT onepaTOpbi, npoeKTHpy10mHe Ha 'CMeUiaHHbie' ( no 3HaKy 8HeprHH) 
. '15 9/ 

COCTOSIHHSI. 8Ty TpynHOCTb MO)KHO o6oliTH pasnH'IHblMH nyTSIMH ' , H, 

B 11acTHOCTH, MO)KHO cnpoeKTHpoBaTb nonHy10 nsyxspeMeHHYIO q>yHKUHJO 

fpHHa G H BOnHOBYJO q>yHKUH!O 'I' Ha pasnH'IHbie nonnpocTpaHCTBa 

COCTOSIHHH, rne one pa Top Go Y*e 6yneT o6nanaTb 06paTHb1M. 

C lpH3H'leCKOH TO'IKH speHHSI 8Ta onepaUHSI CBSI3aHa C TeM, 'ITO 

BOnHOBbJe q>yHKUHH u H v peannsy10T HenpnsonHMb1e npencTaaneHHSI 

rpyITITbl CTyaHKape 'IG!TbipexMepHOI'O IlpOCTpaHCTBa BpeMeHH. TTocne HCKmo-

11eHHH napaMeTpOB OTHOCHTenbHOI'O BpeMeHH' (HnH COOTBeTCTBeHHO OTHOCH

TenbHOH 8Heprnn) Mb! nepexonHM B TpexMepHoe npocTpaHCTBO KOOPilHHaT 

(HMITynbCOB) H IlO8TOMy ecTeCTBeHHO nepefiTH K BOnHOBhlM q>yHKUHSIM, 

peannsy!OlllHM HenpHBOilHMble npencTaBneHHSI rpyITITbl ilBH)KeHHH 8TOI'O npo

CTpaHCTBa. 

HanpnMep, nnsr 11acTHU co CITHHOM 1/2 8TO O3Ha11aeT nepexon OT 

11eTb1pexKOMITOHeHTHblX CITHHOPH-b!X BOnHOBblX q>yHKUHH. ,UnpaKa K ilBYXKOM

noHeHTHblM qiyltKUHHM TTaynn. 

PaccMoTpHM n~npo6Hee cny11ali, Korna npoeKUHSI ocymecTBnSieTCSI 

Ha COCTOSIHHSI C OilHHM.H TOnbKO nonO)KHTenbHblMH 3H81leHHSIMH 8HepI'HH 

/5/ 
11aCTHU 

* (+) ➔ N ul(pl) ➔ 
'PB (p) = 1!1 -======-qi B ( p) 

y'2£1(pl) 

* N u
1

(pl) *<+> ➔ qi < P) n ) qi B ( p ) "' B 1=1 y2t I (p
1 

N N 
<+) ( ➔ ➔ ·E)= Il 

G N p ,q. 1=1 G(p,q;E)Il 
l=l 

12 

( 2. 18) 

Uj (q j ) 

y'2cl(ql) 

•.• 

I 
J 

B '18CTHOCTH, HCIIOnb3YSI Bbipa)KeHKe ( 2.11) I nony'IHM 

. 3 ➔ ➔ (+) ➔ ➔ -f N 8 ➔ ➔ 
(211) 8(P-Q)[GON(p,q;E)] '=",~,(211) 8(pl-ql)IE 

N 

I , 
1
(p 

1
) I • 

l=l 
( 2. 19) 

TaKHM o6pa3oM, KB83HIIOT8HUHanbH08 ypaBH8HHe (2.7) IIpHHHMaeT Bnn: 

N (+) ➔ N ➔ (+) ,➔ ➔ (+) ➔ 
I E - I f (pl ) l'P B ( p ) = J d q V N \ p, q; E) '1k (q ) • l=I I ( 2.20) 

{+) 

rne onepaTop KBasnnoTeHunana V onpenensreTCSI H0 COOTHOIII8HHSI, 

airnnorH11Horo ( 2.5) 

nnn ( 2.5a) 

rne 

(+) . (+) -1 (+) -1 
V =[G 0 ] -[G ] 

v<+> .. T~'(l+G(I-> T(I-> f1, 

(+) 

G 
{+) (+) (+) (+) 

-G0 =G0 T G 0 

YcnoBHe HOPMHpOBKH (9) npn 8TOM npno6peTaeT q>OpMy 

N ➔ (+) .. :I N➔ N_. *<+) ➔ L (+) ➔ ~ (+) ➔ 
f d p I 'I' 8 ( p ) I_ .. J d p d p 'I' 8 (p )[ aE V N (p, q I E ) 1 E=F-a'I' 8 ( q ) = 2~. 
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( 2.21) 

( 2.22) 



PaccMOTpliM 6onee rronpo6HO ypaBHeHlie nm1 CBSl38HHOil: CliCTeMbl llBYX 
➔ ➔ 

'18CT1ill co CIIliH8Mli ' 1 /2 • B CliCTeMe ueHTpa Mace p = Q = 0 

Ii P1=:....i2 =p ➔ ➔ ➔ 

1 q1=-q2 =q, Ii ypaBHeHlie (20) rrepeXOllliT a 

2 2 2 2 <+>.... l .... <+> .... .... <+> .... 
(E-,Jp +ml -,Jp +m2)'1'B(p')=c2irtfdq V (p,q;E)'l'B(q). ( 2.23) 

flocKOnbKY B 9TOM CJiy'lae qiyHKUlrn fpliHa 06bI'IHO Bb!pa)l(aeTCSI 'lepea orrepa-

- + w 
TOpbl ¢ =¢ y O • TO orrpeneneHlie ( 18) nnH G HY)l(HO MOllH4JlilllipO-

B8Tb cneny10I!lHM o6paaoM: 

* * 
<+>........ u 1(p)u 2 (-p) ( ➔➔ E)(l)(2) 

G2 (p,q;E)=--=======G 2 p,q; Y0 Y0 

V 2£ I ( p)2 £ 2(p) 

u /q)u 2 (-q) 

,J2£ l(q)2£2(q) 

3. MaTpH'IHbie aneMeHTbl noKanbHblX orrepaTopoB 

M8)1(llY CBSl38HHb!MH COCTOSIHHSIMH 

/10/ 
PaccMoTpHM qiyHKlllllO 

( 2.24) 

"' N N 
RJp;'q; E, W )= f d tdrdN ~dNy RN( t, r ;x,y )exp I iEt-iWr - i I. (p.~ \+iI. (qk~ )I( 3. 1) 

• . k=I A 'Jl bol 'le: • 

rne 

14 

•. 

• I 

I 

"' + + 
RN(t,r;~,y)=<OI.T 1¢ 1 (t,~ 1 )..¢Jt,~N)J (O)<f>N(r,yN) ... ¢

1 
(r,-y

1 
)110> 

E - H W - rronHbie aHeprHli '18CTHU B KOHe'IHOM H H8'18nbHOM COCTOSI-
➔ ~ ➔ N 

HliHX, p = I p H Q = I q 
l=I I !,:I I 

- rronHb!e HMIIynbCbI, . i(z) - rrpo-

HaBonhHbiii noKanhHb1tt orrepaTop. BeeneM T8K)l(e rrepeMeHHbie (Pile. 1) 
➔ ➔ 

w=E-W H ll= P-Q. 

(~t) 
.. . ➔ . 

pi qi 
( ~ . l > C\½Q) E,P): 

1 t ~--·-

J.I 
PHc. 1. 

flpencTaMSISI T - . IlpO1i3B8ll8HHe B ( 2.1) 'lepea 0 - 4JYHKUHH, rrony'IHM 

cneny10mee neyMepHoe cneKTpanhHoe npnecTaeneHne nnH R : 

R(p,q;E,W)= [jdE'dW'I L(p~q;E;W) 
(E-E' )(W-W') 

........ E' , ) 
oo M(p,q; •"' 

+ ffdE 'dw 'ICB-E' x~,) 
0 

00 

-ffdW'dw' I N(p,q;W~w') 
0 (W+W ')(eu-w ') 
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.. 
+ 

L (p,q ; W ~ E ' ) 
} + 

(W+W' )(E+E ') 

"' 
M(p,q;w',E') 

(w+w')(E+E') 
}-

.. 
+ N(p,q;w', W') } 

(w+w ')(W-.W') ' 

~3.2) 



rue 

. 6 ➔➔ ➔➔ * 
L(p,q; E,W)=(21T) Io(E-Em)o(W-1;,)o (P-Km)o(Q-1\i) ~' V (p)<ml J(O)ln>xo (q), 

m,n "'Om n 

::=, 6 ➔ ·➔ ➔ ➔ * 
L(p,q;E, W)= (217) I o(W-Em )o(E-En)o (Q+K m )o(P+f\.) 'Xno<p)<ml J(O)I n>x (q), 

m,n mO 

6 -+; .➔ ➔ ➔ * ➔ 

M(p,q;" E,w)=(2rr) ]!(E-Em)o(w...:E,, )o(P-Km)o( ~-Kn) Xom(p)x,m(q)<nlJ(O)IO>, 

s::s ➔➔ 6 ➔ ➔ ➔ ➔ . * 
M ( p, q ; E,w)=(21T) I o(c.,-Em)o(E-E n )o ( ~+ Km)o ( P +Kn) . <OI J(O)I m >x (p) X (q), 

m~ . . · ~- nm 

➔➔ 6 . ➔ ➔ ➔ ➔ ➔ * 
N(p,q;W,w )=(277) m7no(W-Em)o(w-En)o(Q_+Km)o(~ -Kn) Xmn(p) Xmo(q) <nlJ(O) IO>, 

~ ➔➔ 6 ➔ ➔ ➔ ➔ * 
N(p,q;c.,, W)=(21T) Io(w-Em )o(w: --En )o( ~+Km )o(Q-K n> · <OIJ(O)I m>x (p)x (q), 

m,n mn . On 

(277)
3
o(P +K.n-Kn >xmn(p)= fdN~<mlef>1(0,;1 ) ••• ef>N(O,iN)ln>expl-iJ/~ ~j)I. 
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.✓ 

\J' 
. 'I ,, 

\I" { 
I I 

1
1
1 

•I 

TTycTb cpeuH nonHoro Ha6opa cocTOSIHH8 Im> H In> 

CBSI38HHb10 COCTOSIHHSI I A > H I B> c aHeprHSIMH EA 

HM0IDTCSI' 

HEB. 

Torua H3 cne~TpanbHOro npeucTaBneHHSI ( 3.2) BHUHO, 'ITO q>yHKUHSI R 

HMeeT nomoca npH E = E A 

6bITb npeacTaaneHa B aHue 

H W =E 8 H a6nH3H aTHX nonrocoa MomeT 

➔ * 
R(p;q;E,w): 'PA(p)< AIJ(O)I B>'Pa(ii) 

2 V EAEB (E -E )(W-E ) 
A B 

( 3.3) 

➔ .. ... ... 

K =-P1K =Q, A · B 

2 2 2 2 
E = ,JK + M , E == y K + M , 

A A A B B B 

rue )IJB (p) - BOnHoBaS!' q>yHKUHSI CBS138HHoro COCTOSIHHSI, onpeueneHHaSI 

B ( 2.3). C upyrolt CTOpOHbl, Mb! onpeuenHM aepl11HHH
0

b!8 one pa Top r 
KaK 

R=GrG. ( 3.4) 

YMHO>K0HH8 3!l0Cb, KaK H pam,111e, IlOHHMaeTCSI B onepaTopHOM CMb!Cne 

( CM. ( 2.5)). 11cnonb3YSI npeucTaaneHH·e ( 2.4) UnSI q>yHKUHH fpHHa G H 

onpeueneHHe ( 3.4) a6nH3H aTHX >Ke nonrocoa, MbI nony'IHM unR q>yHKUHH R 

Bbipa,1<eHH8 

'P (➔) * 
R c ➔➔ ·E W)~ AP ""fdN.o,dN ➔ ,'P (➔')r r:>, ➔ ,.E E )'P (➔'),:,, 
."N p' q ' ' 2E ( E-E )'Cl p q A p N \P ' q ' A' o n q ,o, 

A A 

17 

* 
'PBlq . ) 

2~(W-E~). 
( 3.5) 



. (3'3) (35) · · .· 16, 101 CpaBHHBaSI Bbipa)l{eHHSI • H • • Mb! npHXO)lHM K paBeHCTBY 

* l . N ➔ N ➔ (➔ ) ( ➔ ➔ ) ( ➔ ) < A I J (o) I B > = -......,..= f d P d q 'PA P r N P. q ; EA • E s 'P a q • 
2yEA EB 

( 3.6) 

2 2 
EB=v KB+MB • 

_ 2 M 2 
EA -vKA+ A 

ToT )l{e C8Mblli MaTpH'iHblli :aneMeHT MomeT 6b!Th BbipameH aHanOI'H'i-

/ 10/ 
HhIM o6paaoM qepea aonHoB1>1e qiyHKUHH EeTe-ConIIHTepa • BamHo, 

O)lHaKo, npH 3TOM Il0/l'i8pKHYTb, 'ITO XOTSI npaBaSI qaCTb paaeHCTBa ( 3.8) 

He HMeeT SIBHO penHTHBHCTCKH HHBapHaHTHOI'O BHJ:la, MaTpH'iHbI:ll :aneMeHT 

s nesoil qaCTH (3.8) SIBnHeTCSI no onpeneneHHIO penHTHBHCTCKH HHBapHaHTHO:ll 

B8/lH'iHHOil. TaKHM o6pa3oM, 3HaHH8 KBa3HnoTeHUHanbHbIX BO/lH0BblX qiyHK

UHil Il03B0nSieT HaXOJlHTb penSITHBHCTCKHe qiopM~qiaKTOPhl CBSl3aHHO:ll CHCTe

Mblo 113 paBeHCTBa ( 3.8) nerKo nony'iH'l'.b ycnoBHe H0pMHp0BKH ( 2.9). 

flycTb onepaTop J ( z ) 

pH/la* 

onpenensieT coxpaHHJOillHilcH onepaTop THna 'aa-

C= fd;J(z) 

C co6CTB8HHb!MH 3Ha'ieHHSIMH 

Cjn>'"'cnln>, (3.7) 

18 

11cnonb3YSI 3TH CBOHCTBa H TpaHCnSIUH0HHYIO HHBapHaHTHOCTb,nony'iHM 

3 ➔ ➔ ' 

< m I C I n > = (2 ") 8 ( Km - Kn ) 8 mn c n = 
3 ➔ ➔ I( Em- En ) z 0 

=(2") 8(Km-Kn )<ml J(0)jn>e 

OTCJO)la nonyqaeM ycnoBHe HOpMHp0BKH MaTpH'iH0I'0 :aneMeHTa onepaTopa J 

➔ ➔ 

< m I J (0) I n > = 8 c , K = K 
mn n m n (3.8) 

B qaCTHOCTH1 
➔ 

<01 J(0)ln>=0, Kn =0. 

Bb16epeM CHCTeMy OTC'i~Ta, B K0Topo:ll 
➔ ➔ ➔ 

~ .. P-Q =0. 

Torna na qiopMyn (3.2) H ycnoBHSI aopMHpoBKH (3.8), nony'IHM: 

! .. \ /" 

3 ➔\ ➔ ., ➔ ~ ➔ 
L (p, q; E, W) = c 8(E-W)(2") I8(E-E

0 
)8 (P-K )Xon ( p) ®..,-,-x'

0 
(q) = 

n n 

=ca (E-W )l(p,q; E) 

-~ ➔ ➔ :::: ➔➔ 
L(p,q;W,E)=- c 8(E-W )I (p,q;E) 

(3.9) 

M=M = N=N .=0, 
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"' rite q>yHKUHH I H I orrpe,1:1eneHbI B 11'2.2). IloitcTaansu1 ( 2.4) 

B rrpellcTaBneHn:e (3.2), rrpHXOllHM K COOTHO~8HHIO 

"' 
00 I( p,q ; E ' ) 

lt(p~q;E,W)=c/ dE'I (E-E ')(W-E') 
I (p,q; E ') 

(W+E' HE+E') 

C 00 = E-W I dE, I[ l{p,q; E ') 
W-E, 

"' 
I(p;q;E')] _ [ I(p,q;E') 

W+E' E-E' 

"' ➔ ') I(p,q ;E ] I. 
E+E' 

BcrrOMHHaSI CIT8KTpanbHO8 rrpeitcTaaneHn:e ( 2.2) llnSI q>yHKUHH G 

Mb! OKOH'iaTenbHO HM88M 

(E-W)R (p,q;E,W).,,c [G (p,q;W)- G (p,q;E)]. 
N N . N 

( 3.10) 

B TepMHHax aep111HHHoro orrepaTopa, orrpeiteneaHoro B ( 3.4), cooTHO111eHn:e 

(3.10) rrpn:o6peTaeT BHll 

➔ ➔ , -1 ➔ ➔ -t ➔ ➔ 
(E-W)rN(p,q;E,W)=clGN(p,q;E )-GN(p,q; w )I. 

( 3.11) 
➔ ➔ 

p,,,,Q 

3To paaeHCTBo, O'i0BHllHO, HBnSieTCSI aHanoroM H3B0CTHoro B KB8HTOBOA 

aneKTpo,1:1n:HaMn:Ke To~,1:1ecTBa Yopita-~paitKHHa-TaKaxa111n:. Dn:q>q>epeann:pyu 

( 3.11) no E n: rronarasi E ""W , Mb! rrpuiteM K rroneaaoA q>opMyne 

20 

➔➔ .., a -1 ➔ ➔ 
rN(p,q;E,E>- c - GN (p,q;E > 

• aE 
-'> ➔ ( 3. 12) 
P=Q. 

B KaqecTBe rrpn:MepoB orrepaTopa J(z) paCCMOTpHM orrepaTOphl aneKTpo-

MBrHHTHoro TOK a J ( z ) 
µ 

H rrnoTHOCTH raMHnbTOHHaHa. B rrepBOM cnyqae 

coxpaHmomn:iicSI orrepaTop ·. C orrpenensieTcSI qepea J ( z) 
0 

H SIBnSieT-

CSI orrepaTOpOM aneKTpH'i9CKO-ro 38pSina, a BO BTOpOM - nonHbIM raMn:nb-

TOHHaHOM CHCT9Mhle 

Ilono~HM Terrepb B paBeHCTBe (3.6) EA= EB • Torna c y'i~ToM 

To~necTBa (3.12) H,ycnOBHSI (3.8) Mhl HeMenneHHO rrpn:xonn:M K COOTHO-

1119HHIO 

* ➔ ➔ N➔ N ➔ ➔ a -I ➔ ➔ ] 
2E ,,,, f d Pa q w < pH-a· G < P, q; E > E E 

B B E N "" B 
'I' (q); P= Q 

B 

KOTOpoe B TO'iHOCTH COBrranaeT C ycnOBH0M HOpMHpOBKH (2.9). Ha COOT

HOlll0HHSI (3.6) MOmHo rrony'iHTb TaKme ycnoBHe opoToroHanhHOCTH AnSI 

BOnHOBb!X q>yHKUHii 'I' B 

( 3.8) 1 Mb! rrony'iHM 

• Hcrronh3YSI TomnecTBo (3.4) n cHoBa ycnoBne 

-1 * G ( ➔ ➔ -1 

aAB2v'EAEB= I dNpdNij 'I' I N p,q;EA)-GN(p,q ;EB> ➔ ➔ A. }'I'( ➔) 
P=Q. E -E. B q • A B 

KOTopoe, O'i9BHAHO, BbIITOnHSI9TCSI B cnny ypaBH9HHii ( 2. 7) nnSI BOnHOBbIX 

q>yHKUHlle ilnSI CHCT0Mbl H3 'i8CTHU CO CITHH8MH 2:_ 1/2 a:ymHo, KBK H paHb-

111e, crrpoeKTHpOB8Tb Bee BenH'iHHbl Ha COC'J;'OSIHHSI C rro.nomnTenhHOll 3Heprne:il: 

21 



* (+) ➔➔ N 
R ( p, q; E, W ) = II 

N l=I 

ui<P1> . -- R r ➔ . N 
../2c ( ) N p,q;E,W) II 

I pl J=I 

u l ( ql) 

...j2cl(ql) 

( 3. 13) 

Re+>= G'+'r <+> G <+> 
N N N N ' 

(+) 

rne cpyHKUHH G onpeaeneHbl a ( 2. 18); Bee npeJlhlJlYIIIHe COOTHOIIJeHHH 

cnpaaennHBbl H nm1 STHX cnpoeKTHp0B8HHbIX aenH'IHH npH ycnoBHH, 'ITO aon-

HOBbJe cpyHKUHH 'I' B 6ynyT T8K)l{e 38MeHeHhl Ha cnpoeKTHp0B8Hllble cpyaK-

(+) ' 
UHH 'I' 8 , onpeneneaahie cornacao paaeacTBy ( 2.18). 

PaccMoTpHM 6onee nonpo6ao MaTpH'lllhIH sneMeHT onepaTopa BeKTOpHoro 

TOKa, KOTOpbIH, cornacHo paBeHCTBY ( 3. 11), HMeeT BH)l 

B ➔ l N N *· ➔ ➔ ➔ 
J C.1)s.<AIJ (O)IB>= _fd pd q'l'A(p)rµ(p,q;E,E )'I' <<i>, 
µ • µ 2 ../E E A B B 

A B 

( 3. 14) 

➔ ➔ ➔ 

i'1=KA-KB; MA=MB, µ=0,l,2,3. 

ITyCTb Tenepb CBH38HH8H CHCTeMa '18CTHU H8XO)lHTCH B cnaooM aaew

HeM BeKTOpHOM none, He 38BHCHIII8M OT BpeMeHH.· Torna MHHHManbHbiil: 

raMHnbTOlIH8lI 83811'.MOJlei!:cTBHH C 8TlIM noneM paBeH 

H (t)= f d; J (x)Vµ (;). 
I µ 

Bbi'IHCnHM H3MeH8HHe saeprHH CBH38HHoro COCTOHHHH C Maccoii MB• 

22 

BBHJlY npennono)KeHHH O cnaoOCTH BH8WHero nonH MO)l{HO npoli3B8CTH 

pa3nO)l{8HHe no CTeneHHM SToro rrom1. B lIH3WeM npuonH)l{eHHH, orpaHII'IHBa-,

HCb nHH8i!:HblMH no BH8UIHeMy· rromo qneHaMH, Mb! rrciny'IHM 

3 ➔ 

( 2 77) 0 ( .1 ) 0 E B = < A I H I (0) I B > = 

➔ 

-t{l\1) 

= f d ~ e vµ (~ > < A I J co> I B > , 
µ 

oEB=../(MB+oM >2+K2 -·'M2+K2S! MBoMB B B V B 8 -----:==== 
../M!+ K! 

➔ 

OTCIQJl8, HHTerpHpyH no .1 

8
.., 1 ➔ B ➔ .. µ ➔ 

'13 = (2"f f d t,,. J µ (t,,. ) V (t,,.) = 

➔ B ➔ µ ➔ 
=Jdxj (x)V (x), 

µ 

rne ➔➔ 

.. ➔ -l(f:,,.x) 
V µ ( t,,.) =- f d; e V . (x) 

' µ 
➔ ➔ 

B ➔ l ➔ -1( f:,,.x) B ➔ 
j (x)=--;afdf:,,.e J (t,,.). 
µ ~17) µ 
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(3.15) 



EcnH BHelliHee none MenneHHO MeHSieTC.II B rrpocTpaHCTBe, TO MOJKHO 

rrpHMeHHTb o6bPIHOe MynbTHITOnbHOe paanoJKeHHe 

µ s ➔➔ aµ ➔ B ➔➔ 
BE =V (0) fj (x)dx+l-a V (x)I ➔ fx

0
j (x)dx+ ••. 

B µ · X n x=O µ . (3.16) 

n=l,2,3 

8 Ka'leCTBe rrpHMepa paCCMOTpHM cnyqait, Korna CB.II38HH8.II CHCT8Ma 

'18CTHU H8XOilHTC.II BO BHelliH8M onHoponHOM 3118KTpH'l8CKOM II M8f'HHTHOM 

none. Torna aneKTpoMarHI1THb1it noTeHuI1an Aµ 

BHil 

1 KaK Il3B8CTHo, IIMeeT 

➔ 0 ➔ .:t ➔ 
¢(x)=A (x)=- (~x); 

➔ ➔ 

➔ ➔ 

A(;)=1-[H1], 
2 

rne E II H - HarrpSIJKe_HHOCTH aneKTpH'leCKOf'O II Maf'HIITHOI"'O rroneit. 

PaanoJKeHHe ( 3.16) rrpII 9TOM MOJKHO neperrHC8Tb B Bnne 

o E = Z ¢ (O) - ( D ~ ) - ( 
B B · B 

➔ ➔ 

'1l H ), 
B 

rne 

z .. f j
8 (;)d; .. J 8 (0), 

B O 0 

➔ ➔ s ➔ ➔ • I a Js<"' > I ➔ D =f x j (x) dx = -1 ~ o u tJ. 
B O a~ ... o 
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( 3.17) 

➔ ➔ B ➔ ➔ j a ➔B ➔ ,n = L. f [ it j (x)] dx=- -[-:-,rJ (!). )] t ,
0 B 2 2 a/j, Ll= 

.IIBnmoTC.II COOTBeTCTBeHHO aap.llilOM, nnrronbHbIM II Maf'HIITHbIM MOMeHTOM 

CBSI38HHOfi CIICTeMbl '18CTHU. 

PacCMOTpIIM Terrepb rrocTpoeHile BeplliIIHHOfi: qiyHKUIIII r B paMKaX 

TeopHH B03MY1U8HHH (HanpHMep, B KBaHTOBOfi aneKTponHH8MHKe). CornacHO 

orrpeneneHHro ( 3.4), 

l= G- 1 R G-1 

PaanoJKHM Bee Benil'IHHbl B p.lln ITO KOHCTaHTe B38IIMoneilCTBH.II 

r =r +r + ... , 
I 2 

R =R +R + ... , 
I 2 

G- 1=G- 1-V 
0 

-V - ... 
I Z 

B peaynbTaTe HM8eM 

-1 -1 

f'1=GoR1Go • 

-1 -1 -I -1 
rz "'GoRzGo -VIRIGO -GORIVt"' 

= G~
1
RzGo-l_ylGOrl - r!GO vi 
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(3.18 

( 3. 19) 



B HU3lll9M rropSI.rtKe Teopuu B03MYll19HUH, COOTB9TCTBYJOIUeM OTCyT-

CTBUJO B3aUMO.tl9HCTBUSI M9)1{J:ly 'l:aCTUUaMU CUCT9Mbl1 BenU'l:UHy R I M0)l{HO 

rrpe.rtcTaBUTb B BU.rte cyMMbI .rtuarpaMM, Tuna U306pa)l{eHHOH Ha puc. 2 . 

l 
Puc. 2 

ITpoeKTUpysr q>yHKUUJO R I Ha COCTOSIHIISI C rronO)l{UTenhHOH aHep-

rneu, cornacHo paBeHcTBy (3.13), n ncrronhaysr crreKTpanhHoe rrpencTaBne

Hue ( 3.2), Mb! HaH.rteM 

(+) 

R N /p .➔q ; E' w ) = 
N ➔ ➔ 3 ➔ ➔ 

k~ <pkl J(o) lqk ·>1~k(2 "> o(p1-q1) 

N N ( 3.20) 

[E- I£ (p )HW- I ,
1

(q
1
)] 

J=I J J J=d . 

(+) -1 
ITo.rtcTaEinsrsr B paBeHCTBO ( 3.19) Bb!pa)l{eHue ( 3.20) n q>yHKUIIJO [GO ] 

B q>opMe ( 2.19), rrony'lnM 

(+) ➔ ➔ N ➔ . ➔ 3 ➔ ➔ 
f'N 1·(p,q;E,w>= I<p IJ(O)lq >~(277) o(p 

1
-q

1
). 

• k=I k k Pf' k (3.21) 
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B 3TOM rrp116.n11x<eHJIII qiop11.1y.na ( 3.14) IIpl!Hl!MaeT Bil.rt 

B ➔ 

J (~)= 
/L 

* N 1
__ f ii Np 'I' A (p ) I < p I J (0) I q➔ > 'I' ( q ) , 

'} ; E' E k=I k /L k B - v 'A B 

➔ ➔ ➔ ➔ ➔ 
q =p , i~k; q = p -~ 

I I k k 

➔ ➔ ➔ 

~ =K - K 
A B 

{3.22) 

TaKHM o6pa3oM, Mb! MO)l{9M B rrpHHUllIIe Bbl'lllCJillTb a.neKTpll'l:9CKlle 

ll MarHHTHbie MynhTHIIOnhHbie MOMeHTbl CHCTeMbI, orrpeneneHHbie paBeHCTBa

Mll Tiirra ( 3. 17). 

4. 3 a K n 10 'I e H H e 

TaKllM o6pa3oM, Mb! BH.tlHM, 'ITO KBa3HIIOT9HUllanhHOe ypaBH9Hlle 

M0)1{9T 6b!Th ecTeCTB8HHblM o6pa3oM o6o6meHo Ha cny'l:aH CHCT9Mbl 'l:aCTllU 

C rrp0ll3BOnhHb1Mll CIIHHaMH B CllCTeMe OTC'l:eTa, OTnll'l:HOH OT CllCT9Mbl 

ueHTpa Mace. CymecTB9HHOe 0Tnll'l:He rrony'l:eHHbIX ypaBHeHHH OT pemITHBHCT-

" 6 /4/ 
CKll-KOBapnaHTHblX ypaBHeHHll, rrpe.rtnO)l{eHHblX B pa OTe ' COCTOHT 

B coxpaHeHHU SIBHO TpexMepHoro xapaKTepa ypaBH9HllH B HallleM IIO/:lX0.rte, 

'ITO 3Ha'l:HTenhHO yrrpomaeT H9KOT0pble rrpaKTH'l:9CKHe 1IpH.1I0)1{9HHSI. 

OTM9THM TaK)l{e 6onhlllYJO ueHHOCTh crreKTpanbHOro rrpe.rtcTaBneHHSI .rtnsr 

nByxBpeMeHHOH q>yHKUHll fpnHa, KOTopoe OKaaanOCh B9CbMa rrone3HblM rrpn 

Bhl.rteneHHU rronJOCHhlX oco6eHHOCTeH n rrony'l:eHHH o6mero BH.rta q>yHKUHH fpn

Ha CB060.rtHblX 'l:aCTHU C 1IpOU3BOnhHblMH CIIHHaMu. 
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f1po6neMa Bbl"IHCnemrn M8Tpll"1Hb!X aneMeHTOB noKanbHb!X onepaTopoB 

THna TOK8 M8)KJlY CBSI38HHblMII COCTOSIHHSIMH B03HIIK88T, HanpIIMep, npII 

IICCn8Jl0B8HIIII 8TOMHh!X CIICT8M BO BH8llIHIIX aneKTpoMarHIITHblX nonsix, 

npH pacOMOTp8HIIII CBOllCTB cna6bIX II aneKTpOMarHHTHhIX cpopM-tp8KTOp0B 

COCT8BHhIX ·cHCT8M II npn II3Y"l8HIIII KOHKp8THhlX peanH38Ullll anre6phl TOKOB 
/8 11/ 

B cocTaBHbIX MOJlensix aneM8HT8pHb!X "18CTIIU 1 
• CTpyKTypa 8TIIX MaT-

pll"IHhIX aneMeHTOB Il03BOnSieT HenocpeacTB8HHO CBSI38Th ycnoBIISI HOpMllpOBKll 

II opToroHanhHOCTH BOnHOBbIX cpyHKUllll CBSI38HHOH ci1cT8Mhl C aHanorII"!HbIMII 

ycnoBHSIMII ansi BeKTopoB cocTOSIHHfi. ITpII aToM B8)KHy10 ponh nrpaeT TO)K

aecTBO TIIna Yopaa, CBSI3hIB8!0llI88 "aepllIIIHHYIO" cpyHKUIIIO II JlBYXBp8M8H

HyIO cpyHKUIIIO fpIIHa. ITpeIIMymecTBOM npOB8Jl9HHOro 3Jl8Cb IICCJI8Jl0B8HIISI 
./81 

no cpaBH8HIIIO C pa6oTOII srnnsieTCSl Hcnonh30B8Hll8 SIBHoro Bhlp8)K8HIISI 

JlnSI rpIIHOil0Jl06HOll cpyHKUIIII R , 'ITO Il03BOnSieT H8XOJlIIT B8pllIIIHHYIO cpyHK-

UIIIO r B npIICyTCTBIIII B38HMOll0llCTBil5I M8)KJlY "18CTIIU8Mll CBSI38HHOll 

CHCT8Mhl II C y"leTOM OTJl8"1ll 8T0ll CIICT8Mhl KaK uenoro. 

ABTOp Bhip8)K88T rny6oKyIO 6naroaapHOCTb 38 nnOJlOTBOpHbI8 o6Cy)K

Jl8HHSI H.H.Eoron106ony, A.H.TaaxenI1aae, B.f.Kaah1UieBcK0My, B.A.MaTae

eay, P.M.MypaasiHy II I1.B.f1ony6apuHoBy. 
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