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nony6apHHOB HoBo P2 - 8362 
0 KOI"epeHTHbiX COCTOSIBJUIX. 2 

n 
/1/ . 

pOAOJIJKeHO H8'18TOe B paCCMOTpeHHe MeTOA8 KOI"epeHTHbiX COCTOHHHA 

IIpHMeKHTenbHO K pensrTHBHCTCKoA.KBaHTOBOA TeopHH nonsr. UeMOHCTpHpyeTCSI 

TeOpeMa 0 TOM, 'ITO nro6oA onepaTOp OAH03H8TIHO onpeAensreTCH.CBOHMH AH8l"o

H8nbHbiMH aneMeHT8MH B KOI"epeHTHblX COCTOHHHHX, Ha aTOJi: OCHOBe npOH3BeAe

HO COfiOCTSB1IeHHe ASHHOI"O MeTOJla C MeTOAOM HCTOTIHHKOB illBHHI"epa, 

Coo&leHJie 06i.e,aJnteRHOro KHCTJtTyTa smepHIIIX KCCJie,ilosamdt 
,ny«saa, 1974 

P2 - 8362 
Polubarinov I. V. 

On Coherent States. 2 

The consideration of the coherent state method 
applied to the relativistic quantum field theory is con
tinued/1/A theorem is shown that any operator is uniquely 
determined by its diagonal matrix elements in the coherent 
states. On this basis a comparison of the present method 
with that of the Schwinger sources has been made. 

Com•uuieatione of the Joint Institute for Nuclear Research. 
Dubna, 1974 
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I. BBE.l{EHliiE 

B HaCTOHme~ pa60T8 rrpo~on~eHO HaqaTOe B/I/ paCCMOTpeH~e MGTO~a 
KOrepeHTHblX COCTOHHHii ITpliiM8HllfT8H:bHO K p8HHTii!BllfCTCKOi1 KBaHTOBOt\ T80-

pHH ITOHH B TepMHHax X-TipOCTpaHCTBa. 

B TeOpHK KOrepeHTHblX COCTOHHJi!li MO~HO BCTp8TJi!Tb Ji!HTepecnoe yTB8p~

~e'~lile (TeopeMy), '!TO mo6oil orrepaTop o;n;H03!Ja'!HO onpe~eJIHeTCH cBow.rM 

~11J.:':JliaJI:bHblMH 3H8M8HT3MH B KOrepeHTHb!X COCTOHHKHX. )lOKa3aT8JI:bCTBO B 

KBaHTOBOil MexaHHKe, no cyTH ~ena, ocHoBano na TeOpli!H WYHK~Hil MHOrHx 

KOM!TJI8KCHb!X nepeMeHHblX (CM,, HaiTpli!Mep, pa6oTy/2/, KOTOpaH IT8p8E8.1\8Ha 

B C60pHHK8/I. 3/X), CM. CTp. 132}. 

HH~e, B n. 2 .n.aeTC.H ~oKaaaTeJII:oCTBO yRaaaHnoil TeopeMbi Henocpe~cT

BeHHO B peJIHTJi!BiiiCTCROtl RB3HTOBOil TeOpHH ITOJIR. (0H0 1 paayMeeTCH, 

rO,ll,liiTCH H ,li,JIH KEaHTOBOi1 M8XaHHKJil,) BIT. 3 npHBO,li,HTCH BTOpOe ~OKa3a

T8JI:bCTB01 nplii'!8M 3TOT rryT:b Y.l\068H ~JIH COITOCTaBJI8HJi!H M8TO~a KOrepeHT

HblX COCTOHHHf.l C M8TO~OM BH8lliHJiiX HCTO'!HHKOB lliBHHrepa. B IT, 4 o6cy~~a-

8TCH npo6JieMa ITpH'!~HHOCTH. 

B fipHXOEeHHH A TipliiB8~8Hbl H8KOTOp~e COOTHOlli8HJiiH ~JIH KOrepeHTH~X 

cocTOHHMi1, ~orroJIHHIDmHe wopMynhl pa6oT~/I/, ITpMno~enHe E nocBHmeHo 

Bonpocy o npoHcxo~~eHHK nopMhl K onepaTopa qwcna qacTH~ ~JIH ne~TpaJII:o

Horo CKaHHpHOrO ITOHH, 

X}TaK 0003HaqaeM CC~JIKy/3/ ITO CTIJi!CKy JIJi!TepaTyp~ pa60Tb/I/. HH~e 
aHanorM'!HO 6y~yT 0003HaqaT:bCH Jil ~OpMyJIN Jil3 pa60T~/I/. TaK, wopMyJia 

(1.9) 8CT:b WOpMyJia (9) H3 pa60Tbl/I/, 
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2. CPE~l~E OITEPATOPA ITO KOrEPEHTH~M COCTOHHMHM OITPE~AHDT OITEPATOP 

~OKaSaTeJILCTBO STon TeopeYbl 6y,lleT COCTOHTL B TOM, qTO 6y~eT nOKa

aaH01 qTO Cpe~Hee onepaTOpa no KOrepeHTHOUy COCTOHHHD 6CTL npOHSBO

.llHm~lit WYHKUHOHan ~na waTpHqab!X aneweHTOB ero wez~ cocTOHHHHM~ c 

onpe~eneHHb!MH qHCnauH KBaHTOB. 

Jl,na onpe~eJieHHOCTH nycn aTJW onepaTopoM 6yJJ,eT S -MaTp~ua 
-l 

c:o<1 rt. 

~ (t21i1) = L .;_~ \ .l~x1 ... .l'x."- \(_&-1---)1.,.): ~0<1)---lf{_x.._)~ 
~ao Yl. J (I) 

-ti 

B 0603HaqeHHHX ~ no wopuyna!i H3/I/ero cpe,llHee B KOrepeHTHOU COCTCH-

Hrm aarmmeTCH B mme 
tL 

.(<f'\Si'f'>:: L ~~ \ .l4t-.i ... 4~lt" \C.~-t ... )(.,)'f 10t1) ••. ~'(x.,) ~ -=0 ". J . ' (2) 
ti 

rJJ,e cornaCHO wopuyna!l (I.9) H (!.56) 

tf
1
lx) =i\cl\x'~~A(lc.-x•)!1(x')-Al>H<.')f2.(t')], (

3
) 

a ~1 (X') K :tL (it) - .liBe npoHSBOJI:&Hwe !J!YHKUHK TpexuepHoro apryueHTa 

x. BhlqHcnHB no HJW rpyHKUHOHaJI.bHhle npOH3BO.liHhle npO!tiSBOmHoro nopH.I~Ka 
H nplllp3BHHB 1t1X HyniD, Halit.lleMx/ 

F:b.·-·1~)= :!c ... )·-· ;! 0 ... , ~f !~ ): •• ~<._.,:)<~ 1 l~\~i)l = 
~ '!i "\ '} ... , '-'--'1-+t . t. 1-.... t ~1"'+~..=0 

={-i) ... ~A"K"' ... ~'-~)(..,. ~ ~" ... )(.,) ')"~(~~J --·)..,i\{y.,..~) ~~-r1-}·-~~ .. -1-o), 

(4) 

X/ ECJIH CqKTaT:& ~!' (lt) npOKSBOJI:&HOM t.JYHKUKen 4-apryueHTa, TO rrpa

BaH qacT:& (2) 6una 6u npoHaBo~amen !J!YHKUKen KOS~KUHeHTHHX ~YHKUHA 

K, HO TaKOe llOHKM3HHe ~I npOTKBOpe~HHO 6bl orrpe~eJI8HHID (!.4) KOre

peHTHb!X COCTORH~ Ill Jl8BO! ~aCTH (2). 
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.. 

r~e Bee BpeweHa ~o paBHbl .npyr ~pyry, '1~· =';1,..,= --· = ';-.o . O~aKO 

nocne~ee o6cTOHTenLCTBO He uemaeT, a~aB ~ nap paanHqHax WYHK-

Ulll~ fiLi ur) 1! 1-uli) ( \£..:-\, ··· 1'\.- ), COCTaBPITD H3 BCeX 

B03UOEHb!X npOIISBO;zJ;HHX (4) ;!1;3HHOrO ITOpH;!I;Ka I'\- Bhlpar.teHHe 

<"'* I~ I~>=;_.._ ~.l"l(" ... j.""-~ \C ~" ... )(~ h(l£"') -·· t.._<.x .. ), (5) 

r.u;e n.._+Vl--! ""n.., 

~IL (lc.) =i\d?.'} G"A ~-';t)t""(l)- b.lx-1-) }k~l1~. (6) 

Bb!paXeHHe (5) 6CTL He qTQ MHOe KaK CaMhi~ 06~~~~ UaTpHqHbllit SJieMeHT 

~ -uaTpHUbl C ~ KOHUaMH. A TaK KaK ~ -MaTpHUa Hcqepnb!BaeTCH 

COBOKYITHOCTLD BCeX CBOHX MaTpJIIqHb!X aneueHTOB C pa3JIHqHhlMJII qJIICH3MH 

KOHUOB (HaqanLHb!X H KOHeqHb!X KBaHTOB), TO T6M CaMNY T60peua ;zJ;OKa

aaHa. 

0T H8KOBaplllaHTHHX BWpaEeHKn F""' 
" 

(4) nerKO rrepelitTK K 3KBHBa-

Jl6HTHb!U KOBapHaHTHb!K. ~H STOrO TIO~CTaBKM B (5) 

!-1<.1 (i}'\L) = /),._ hi<- e. It-) ' fl<.t.{ifl<) =b4~('}._-t:.._) ' (?) 

r~e ace 4-BeKTOpbl ~ "-r pasnHqHble, a 'i-~. = '!t.o = ---~~ .... • Tor.z~a BNpaxeH!Ile 

(5) nepelit~eT B 

F l1o1 ... .,..,') = \A~"1··· A")(., \( (_,..1 .. -~< .. ) 0.&-1-"'"') ··· ~ (x .. -e. ... ), (B) 

r~e B OTJIKqHe OT (4) :BpeKeHa -a 10 1 ··- t »a npOHSBOH:&Hble. ~YHKUlUt (8) 

nonyqeHN HS ~yHKUHA (4), K OT HltiX nerKO BepHyTbCH o6paTHO K (4) 

nyTeu ;n;lll!Jl!JlepeHu~poaaHHR no apeueHaM e.,o H KX npKpaBHKBaHHR. llepexo~ 

o! (8) K (5) oqeBK.D;eH. lloaToMy coBoxynHOCT» !J!YHKUHA (8) co BCeUH 

KcqepnwBaeT (onpe~enaeT) ~ -KaTpHuy. 

To, qTo 6uno c.u;enaHo, !JlaKTaqecKK ecTL npeo6paaoBaHHe S -MaT-

pKUW KS rrpe~CT3BX6HHH KOrepeHTHHX COCTORHllln (COBOKynHOCTb K8TpKqHb!X 
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SReMeHTOB ~ Me~~y BCeM~ B03MO~H~~ ROrepeHTH~MK COCTOffHKffMK) 

R rrpe~CTaBReH~ ~ORa (COBORJITROCTD MaTpHqH~X 3ReMeHTOB ~ Me~y 

BCeMK B03MO~H~MK COCTOffHHHMK, B ROTOp~X 3aAaH~ qKCRa KBaHTOB), lnff 

rronyqeHKR BCeX MaTpKqH~X SR8M8HTOB B ITOCRe~H8M ITP8ACTaBR8HHK HaM 

ITOHa~06HRKCD TORDKO ~KaroHaRDH~e MaTpKqH~e 3R8M8HT~ ~X rrepBoro. 

9TO 06~RCHff8TCR H3B8CTHHM ~aKTOM rrepeiTORH8HHOCTK CHCT8M~ ROrepeHTHHX 

COCTORHKtl. 

0TMeTKM, qTo T8M ~e rryTeM, KOTOp~M M~ rrepelliRH OT (4) K (5), MOE

HO rrepetiTK OT (4) R KCXO~HOMJ orrepaTopy (I): 

s =-~ ~\ \A'"• .. J'", :~l··)~<fl>-.) + 'gc..",)~'f'(!'.V ···~l~~{"''ft..,) + ~<t<~~~~~~:<~'\sl'f~,:+.~o, 
( ~'0<,)"'- t,Cl), -f'l") ~ ~ "d,'f'(.xl=- i f'l(X')). (9) 

naHHOe AOKa3aTeRDCTBO crrpaBe~RKBO ~RR RID60rO OITepaTopa, a He 
I 

TORDKO ~RR ~ • Bee OTRHqHe COCTORRO 6H TORDKO B ~pMe K03W-

~KUK8HTH~X ~yHKJ.J;Ktl pa3ROlleHKR ~aHHOrO OITepaTOpa ITO ~ -ITpOK3Be,1J;eHK -

ffM, QqeBK~HO, qTo B RBaHTOBOtl M8XaHKKe (B ratlaeH6eprOBCKOM rrpe~CTaB• 

ReHKK) ~OKa3aTeRDCTBO MO~HO 6~RO 6~ ITpOBeCTH TOqHo TaK lie, 

3. CPABHEJIVIE C IIIETOJlOM JIJCTOllHVIKOB IIIBJIJHrEPA 

B~we M~ HCXO~HRH H3 orrpe~eneHHR KOrepeHTH~X COCTOHHKtl (1.4), 

TerrepD o6paTHMCR R orrpe~eneHHID (1.35). Cpe~Hee ~ B TaKOM RorepeHT-

HOM COCTORHHH 8CTD 
4.._ -\>L 

~j \ S.l J. > = ~ '=-~Y' \ .1")(1 ... .l~)(H-~ ~t, 'lr· J.'t 1: ~ '( (1.1··· )(.~ 
~ ~1 

• A. ~1-'i-t)J('l~) ... b. Ct-.. -h. )ll~ ... ) . (IO) 

TaK KaK :! L'tJ - rrpOH3BORDHaH cpyHKu;Ha Bcex qeT~pex apryMeHTOB i: H 

to , TO cpasy lie ITpHXO~KM K 

i. ... ~l('t~) ... ~'hll'l ... ) <'l \ ~ \ l>\ a-=o = F l~1 ... "i. .. ) 
r.n;e Fl1c.1 ···-c.,) - npeltHI1e <.PYHRI.U'!H (8). Ol!eB~Ho, qTo 
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(II) 

] 

I 

" f..8t:. ( A• ·,\.' _. ..... 'b "5 r~ 
~= "~o ~\) "t ... "' ... :~U<-~···'f\.l<,.):o,,.'d,..,'b~(t<.,' ··'~> 1 c, ... .,)<~'l;::.l'f~ .(12) 

/I/ ' ··o 
B Ha OCHOBaHHH ~pM~ 3aiTHCH KOrepeHTH~X COCTORHHtl (1.35) y~e 

OTMel!aRaCD 6RH30CTD MeTOAa KOrepeHTHHX COCTOHHHtl K MeTO~y BH8illHHX 

HCTQqHHKOB IJIBHHrepa. 0AHaKO ITOCRe~HHtl MeTOA AaeT BM8CTO (8) ~YHRJ.J;HH 

rpaHa, B ROTOp~X Ha MeCTe ~YHKU~tl 1\(.x-<c) B (8) CTORT \!JetiHMaHOB-

CKKe ~yHKU~H fl..+ (~--e) 

ARR rrpHMepa cpaBHHM rrpoH3BO~RmHe ~YHHu;~oHan~ B cnyqae sa~aqa c 

BHeillHHM TOKOM. B M8TOA8 KOrepeHTHNX COCTORHHtl - 3TO 
""-. ; S .1~" 'f1l.X) j(>c.) 

<..~'\:Sl~ .. ,-t.-1)\'f') =<oiS(t._,-t1}1o'> e. ._, = 

. -.: \\b,...l"~ J(!<.) M."--~)ll~) 
= <_o \S(~,,t~)\o-::> C... ~. (i3) 

a B M8TO~e KCTOqHHKOB 

i )h. '\'l"-~ l<.><) 
<.ol T e- S(t:,_;l~) \o) = 

-1: 
=€-

~~ 

s d~'l'- 1"'} [il"-) + )l ... )1 (-i)l:\-1-~-'})[it'th 1h )] ... 
(K,Gt . x,.) = )l,.,) )l><~)} 

4. SAMEllAHJIJE 0 ITPJilllJIJHHOCTJIJ 

(14) 

li/ yJ'\8 rro~qepKHBaROCD, qTo Ta ITpHqKHHOCTD, ROTOpy!O SIWITnyaTapyiDT 

HBHO KRH H8HBHO,eCTD rrpeE~e BCero ITpHqKHHOCTD ~RH OnepaTOpOB ITORR, 

0Ha,RaK ~ B !UiaCCHRe, COCTOKT rrpel!C~e BCero B rl1nep60RHqecROM xapaK

Tepe .n;mMJepeHI.l!O:aJ:hHllX ypaBH8HKfil ~BK~eHHH ~RR ITORetl K OTCJO~a-B 

B03MOlKHOCTK 331 ;1caTD STK ypaBH8HKH B KHTerpaJJDH0£1 ~OpMe C ITOMOil~h!O 

aarras,l{b!BaiDmKX ri•YHKJ.J;K£1 fpKHa, T .e, B ~OpMe ypaBH8HKH lJenneHa-HHT'o·

$eR~MaHa (I. 67) (!.69). M3 STKX ypaBH8HHtl MOJKHO K3BR8qD BCe CR8,Z\CT

BKff ITpKqKHHOCTI",llpHMNe (eCRK TaROB~e cymeCTBJIDT ITO xapaKTepy 3aAaqK) 

H KOCB8HH~e (HanpHMep, A~CrrepCKOHH~e COOTH0ill8HKR), 0ITKpaHCD H3 O~HO

BpeMeHHbl8 rrepelT~HOBQqHNe COOTHOill8HKff B H8KOTOpOtl CKCTeMe OTCqeTa, 

C ITOMOmDID 3THX ypaBH8HHH MOli!HO B~BeCTil paBeHCTBO HJRID ROMI4JT3TOpOB 

JIOKaJIDHNX orrepBTOpOB ITpH TipOCTpaHCTBeHHO- ITO.l{06HOM pas~eneHH~, a 
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TaKXe rrpoBepHTI> o6mee ycnoBHe rrpHtlKHHOCTH EoronD6oBa 

~ (_"b s, 0 .-I[ ;:\ ~-I -- -- s .,_ e "<l~>=> tr_ 0<.) ~!.(~))';':, = o • 
'b ~(_.:.) '!; '(\~) ~ 1 (npPI IlpOCTp C IlO,ll06HOM 

paa;neJieHHPIJ 

-1 ~ -Ma<rpiill\a npH nD6oM cnoco6e ee nonyt~eHI'Il! -npmw H3 STIIIX ypaBHe-

HI'I~ (eM. BHpa~HHl! B CK06KaX B (!.67)-(!.69)), KaK llOCTyrranH qeJineH 

H HHr H ~en~MaH, nH6o c nouo~ID ypaBHeHHH TouoHarH-lliBHHrepa, nH6o 

aKcHoMaTHtleCKH c npHMeHeHHeM ycnoBHH EoroniD6oBa -nonHoCTI>ID ytlHTHBa-

eT npl'ltli'IHHOCT:h. O,llHaKO caua OHa, a IlOTOMY H aMITnHTY.llH llOCTpOeHH 

1'13 we~HMaHOBCKI'IX \PYHKUHH A+(><.-~<.') H S+(J(-x') t KOTOpNe liBnlUlTCfl 

11 He BITOnHe" rrplttli'IHHb!MI'I. Ilpl'ltlHHHOCTl> B S OTpaJKeHa nlilill> B H6HBHOI 

'iJOpMe, 1'1 3TO CBR3aHo c TeM, qTo ycnoBHe rrpHqHHHOCTH Eoro~6oBa 

HenHHefi!HO OTHOCIIITeni>HO S . 0;1\HaKO Cy!lleCTBylOT 061leKTH, KOTO~e 
Be,llyT ce6H HBHO np!ttq:HHHO, - 3TO KOM6111HaUHH Eoromo60Ba ~i(~) l~dl';l-) ~) 
If ee 06o6meHHH, a TaKKe KOMMyTaTOpH nOKanl>HHX BenHtliiiH. 

HaMH 6NJ10 llOK838HO B/I{ qTQ Cpe,llHHe ITO KOrepeHTHNM COCTOHHI'IHM OT 

OnepaTOpOB IIOnR:.('f'l'fl"-)\'f') B 3(U8tl8 C BH6illHIIIM TOKOM H .('+''\ <:¥C"-) \'+'') 

B 3a,ll8tl8 C BH8illHIIIM rroneM - TOlle liBJlaiDTCH liBHO npl'lqi'IHHHMI'I 061leKTaMH 

(CM. 'iJOpMynhl (!.70) Ill (!.76). B CHny ,llOKa38HHOH TeopeMlil MOJKHO 

yTBepJK,llaTI>, qTO 3TI'IM He TOJll>KO Hn~CTpHpyeTCH, HO H llOJIHOCTl>ID HCtlep

TibiBaeTCH llplllqfttHHOCTl> ,llaHHbiX TeOpl'lfi!. 

B cnyqae 3aMKHyTOH CI'ICT8MH B3ai'IMO,lle!ACTBYIDIIIIIIX noneii! TaKOH pe3yni>

TaT IIOKa He rronyqeH. Tpy,llHOCTl> B03HI'!KaeT B CaMOM Hat~ane. EcnH B 

ypaBH8HI'IHX qenneHa-ffHra-~eJI,llMaHa 06paTHTl>Cfl K tlJleHaM BHCillerO rrOpH;l\

Ka, KOTOpble MOMHO nonytli'ITb, HallpHMep, C llOMO~ID HTepaUHiil, nerKO 

y6e,ll111Tl>CH, qTo nocne N-ynopH;l\OtlHBaHHl! rrOHB!iTCH He TOni>KO npxqzsHNe 
A(.+) Ali) 

ilJYHKUHIII b.~ , HO H 'iJYHKUIIIH u. HnH u (roTOBHiil peaynnTaT 

CM. B /I.B1. CJie,llOBaTMbHO, Cpe,llHI'Ie <'f' [" ~ (x) \'f 1
) 6y,llyT B6CTH Ce6H 

anpllltl~HHO. B03MOJKHO, O,llHaKO, qTO C yqeTOM B38HMO;l\6~CTBHH KOrepeHf

HNe COCTOHHH!i ,llOJllEHH 6NTI> ~!O.UWlJ.HUKIJOBaHH. 

• 

IIPiiiJIOIEHHE A 

~OllOJIHI'IM CBe,lleH~fl pa60TN/I/ITO KOrepeHTHbiM COCTOHHHHM H6KOTOpbiMI'I 

;IJopwynaMH. HCUOJih3YH COOTHOW6HI'I6 llOJIHOTN (cJiyqa~ CB060,llHOrO CKaJI!ip

HOrO llOJIH) 
00 

1 = L ~. \~~k .. A'r~"--.. (f,)·-"-'"C.y!)\o)(o\.:t..cm---"-.q>:.)== 
VI~O 

= ~o ~~ \J~x, ... J3
l<-,_ .{1W,.qe+\ ... ,) ... &.'9<.+)(><..,.) \o><.ol ~.'9~\r-.,) ... -lt"\.f)Clt,)= 

- { J<. ~ l+) t+) - - ~ """' \ 
- ~ -;:;-r x, ... A""~ ("-~···'-I (?<.~\o)"\.,o'l.~··o,..,.(oiLO,t-)(l(.,') .. ~<.-)(,..~:. 

='f. ~~ \ ~~')( r · !"'"',-. ~("'-,)· -~('1--,.) ', to)l;.,,_"'S'g .. ~,._,_.(o\·. 'f(l'..:) ... ~(ll,y = 
>'-:.0 . J 

:. \ l'f'> '&1.'9'<..'\''\ , (112.'f':S~'s.:q' ... 'bf,~)Sf,_0<'), w:~-A.+ ... ~ (A. I) 

3allHW6M pa3JIOM6HI'Ie KOrepeHTHOrO COCTOHHIIIH ITO WOKOBCKHM COCTOHHIIIHM: 

H''> = ~= ~~- ) t>r, ···!'f.., "-+q:) <l. .. (f' ,')\o'> <..o\~Cf) ... "'-Cf'.,)llf')::o. 

"'~ .:;.,, ).1.~"' ... J.>l<.., '.LfO<•)· Lf(_,<.,)·.\o>~,- ~" (.o\'-'f/.K,), .. Lf{_J( .. );\'f1)oc 

"""" 
~ \ ~ ~ 

= L ~~ )A"K1. J"')l...,; \f("-,)· ~()C"'):\o')'J,,. .. :o,.~ 'f'"'\ ... ~--'f'L-'C>< ... )<ol'f'\, 
V\=o . 

H 06paTHOe pa3JIOJE6HI'Ie: (A.2) 

:'\'("-,) ---~(.,;,.)~ lo"> = ~ H'> bl.'f'('f'\ :<f("
1
) ... 1f(x,.):\c) ~ 

= ~ l'f'>'b'-!.f'('f 11o> 'f'l+'(,._,) ... 4''<.+)0<,) (A.3) 

C llOMO~D ;IJopMyJIH (!2) H8,llHaroHani>HH~ MaTplllqHbl~ SJieUeHT rrpOH3BOnbHO 

ro onepaTopa A BNpaxaeTca qepea ,nHaroHaJII>Hhle cne,llyDmHM o6paaow: 

-c,w•( • , • - .. 'b ~ /. '11\1'91' (~~IA.\'f!)=('f~l'f:> ~ ~ y1~11 1 --· .1,... '52.,(",) ... 'Sll(l<,.) aH ... 4,.,_ 'b 'J6<,) ... ~){?<.,.) "-~ ,.,-<>. 

(A.4) 

~aJiee, ,llJl!i CJiyqali B3aHMO~e~CTBHR C BH6illHI'IM TOKOM ,llo6aBHM ~opwyny 

< :>f(«,) ---\¥(«,.):) = ['\'\"-,) + ~J"'S1 ~--("'-c'S<)~l'i1~ .. · ['f'(x.,)+ \<~~~ .. tl.ut(l'..,-';io.) ~('1--,] , 
.. ( (A.S) 

r~e f'J -ynopH;l\OtlHB8BH8 OTHOCHTCH K OIIepaTOpaM ~~) • 
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fiPMOIE!UfE E 

06hlqriQ B peAHTMBHCTCKOM cnyqae 06XO~HT BOITpOC 0 ITpOMCXO~eHHH 

HOpMN B ~OpM8RH3Me nepBHqHOrO KB8HTOB8HHH H onepaTopa qHCJ!a KBSHTOB 

B WOPM8AM3M8 BTOpHqHOrO KB8HTOB8HHH. 0co6eHHO aara~oqHQ B03HHKa~T 

3TH BeJIHQHHHhl B ITpOCTe~llieM cnyqae He~Tp8RbHOrO CKaJ!HpHOrO ITOJIH• ITO

CKOJI:DKO .l!,Jifl Hero 06illqHafl 11 KJ!e~H-POp.l{OHOBCKafl 11 HOplola paBH8 Hy~. B TO 

~e BpeMH ilayna B /3/ HCKJI~qaeT B03MOMHOCT:D HCITOJI:D30B8HHfl ,l{JIH 3TO~ 

u.emr sueprHH 

P .. - \ .1~,.. TOG0<) = t- \ .F>"' ( 1->tt.'f ~ + <> ... 'f o""lf -o" '5o"' If) . (E.I) 

BonpeKH CK838HHOMY y ilaynH .l{JIH nonyqeHHH HOpMill HYXHO 06paTHT:DCH 

HMeHHO K BWpallteHHlO (E. I), HO 38loleHHT:D T8ll ~ H8 ~ ~ (w=~-A+m~. 
~CITOJI:D30B8HHe B (E.!) BM8CTO ~ ~oro ~pyroro pemeHHH yp8BH8HHH 

lli<l!KI' He HapymaeT CBOMCTBa coxpaHeHIIIH (XOTl> Ill Blll~OH3YeHHeT 11 ITJIOTHOCT:D 11 

T
00

(x) H "TOK" T0 K(x), :axo~HIIIHe B ypa:aHeHHe HepaapwBHOCTH). TaKID.I 

06}l830iol, OTITp8BRflflC:D OT BWpallteHM:H ~JIH 3HeprHH, npHXO~HM K 11 3HepreTIII

qeCK0~11 HOpMeX) 

N ~ i \!~,. {~~ ~ ~ + ~~ 13-~- ~'f ~~~ = (E.2.a) 

= ~ v~,.~~~ ~lf-~~ ~~:... (E.2.6) 

= \_ \ l 'x. { lj W ~ - c., '5' % '"f\ = (E. 2. B) 

"" ~ !~,. l~ '\'l+) ~ ~c-') + ~ ~l+) ~~-) -~~l•) ~~l) =<E.2.r) 

= \Px \_a.,lft:+) ~<:-)_ <-g'-+)ll..,~l-1)::. (E.2.A) 

=\A'" ~~l .. ~G<-")-~~'--)<_,..~ (E.2.e) 

~OeToqHH OTHOCHTCH K cnyqalQ o6cy~aeYOrO HHllte onepaTopa QIIICJI8 KBSH

TOB). ~a BlllpaJKeHIII~ (E.2) Blll~Ho, QTO sopYa N nonoJKJIITen:cHa 111 ecT:D 
1 

6e3p83MepHW~ CKaRHp. TaKMY o6pa30iol, HOpMHpOBOqHW~ YHOlltKTeJI:D ~ 

x)HeHBHO TSK Ill ITOCTyTialOT, KOP~8 o6paayJOT onepaTop QlllCT!a KBSHTOB 

N=~~..,fe\.-+(f)a{f), 111113BJieKa.H 11 ~("f)~) Jrt3 PaMIIIJI:DTOHHSHa Po:\d..,f r.~(t)a..Cy). 
10 . 

HBMeHHJI o6HqHyD H TeHaopHJID paawepHOCTH P0 (KOTopwe 6ecnoKOHJIH ITayJIH). 

BHpaxeHMH (E.2.r)-(.E.2.e) rronyqeHill ITYTeM no~cTaHOBKH B (E.2.a)

(E.2. B), pa36HeHKH ITORH Cf='f-\.'f~lHa IIOJ!OlltHTeJI:DHO- Ill OTpH~aTen:DHOqaCTOT

Hwe qacTH ~H H 'f(.+) , orrpe~enRelo!He ypaBHeHHH.IoiH (lllpe~HHrepa) 

0~ 'g (~\ ... ) = ~ <..;) ~(+)(><.) (.E. 3) 

(HeKOTOpHe crroco6w Bw~eneHHH 'f'-+) H3 'f npHBe~eHbl, Harrpm~ep, B 

ilpHnollteHMH A K pa6oTe/I/ ). BbipallteHHe (E.2.~) rroKaabiBaeT, B KaKOY 

CMbiCJie IIpiD.IeHIDAa 11 KJ!ek!H-rOp.l{OHOBCKa!i 11 HOpMa: OH8 ~OJIJKH8 COCT8BJIHT:DCH 

He H3 CaMOrO ITOJIH '5'()<.) , a 1113 _\j(-)(><.) H ~<.+)(1<.)• Billpa:wteHHe (E.2.e) 

eCT:D, ITO CYTH ~ena, HOpMa 11mpe~HHrepOBCKOP0 11 THII8 (jJ:l.)( \i'*(>r..)'f(.~. 
Ha rrepBbl~ B3PJ1~ KallteTCfl, qTo ~JIH 38pHllteHHOrO IIOJIH, CKallteM, CKaJIHp

HOrO, ~eno 06CTOHT rrpome, TaK KaK OTJIMqHa OT HYJIH 06WqHaH 11Kne~H-rop

.1{0HOBCKaH11 HOpllla. 0~H8KO T8KOe none OIIHCHB8eT KBaHTbl C aap~aMH ~Byx 

3HaKOB, H OHa ~aeT TOJI:DKO p83HOCT:D COOTBeTCTBYJOIJil'[X HOpM : 

..9_::. J.l+ -N_ • e. (.E.4) 

ECJIH lite, KaK H BHllie t o6p8TIIIT:DCH K 11 3HepreTHQ8CK0~ 11 HOpMe, He pa3JIHQa -

Dille~ aaaK aap~a. TO Ha~~ew cy~o~~o~y 

N = N+ + N_ (E.S) 
Kow6HHHPYR (E.4) K (.E. 5), nonyqiDA HOPMH N + H N (BIII,1la (E.2.1' )-

(E.2.e)) B OT~eJI:DHOCTH. 

~R JIID6HX .l{pyrHX ITOJie~, HanpHWep ~Jifl CITHHOpHOPO ITOJIH ~lllp8Ka ~ 

HY3HO ITOCTyiTaT:D aHSJIOPHQHO, 

llocJie BTOpHqHoro KBaHTOBaHHH BeJIHQJIIHa N (E.2) npeBpamaeTca B 

onepaTOp QJ/ICJI8 KBaHTOB, H BCe CKa3aHHOe nepeHOCHTCfl H Ha Hero. 

3H8ff onepaTOp qHCJia KBaHTOB, MH MOllteY CHOBS nerKO H8~TH HOpMW 

H CKaJIHPHWe ITpOH3Be,l{eHHH ~Jiff JIID6iliX C-qJIICJIOBHX COCTOHHH~, O,l{HOKB8HTO

BHX HJIIII I\IHOrOKB8HTOBHXo B qaCTHOCTH, ~Jlff CKanapHOrO ITpOH3Be~eHHH 

O~HOKBaHTOBHX COCTOHHH~ YOXHO Ha~TH 

II 



,,._: ~.') ""' \::1_._, .. , ~\:. ·'' r \--=" \...J 
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B.C:::'i.~CTE'~ht:SIX ?~;s~a~:c~ ~A 3 2~ro a~~~Y?~~~·J o6pa2o·A: 

i \\ :1., >'-'i \r' T 1· ' ' -=- '\- ·_ '-~ 
\ ... \'~' ~ \<-<. t ~.- ~~-- i-':'0= t\~9.\ '" 4-.__\lbJ=K?:~~r 

\-• 

\A'x '-'l Lf-U~'.P\=.(i\i".-Zi\l"-·~c~lii"-<lli'- ';::2\ d \..: "\ 2. 1 ; ·:. ~ . \ ,.· • ,_. ') 

v ITOMOl:1bf:1 3~t1X .~_.Op~y;r MJ:~EC rre_;-·e:-:-k1C::lT:b <:tl1) B T~pttl!Bax Bei.:'"3CT-

Bc-'HHlc!:\ : 

.('1\ t'>"'.i. \r·.._h u:. '-1' - '-' J, '-\'
1

...._ ':2-.'-1', ~'-\. + ?"- '\'. 0"- ,o -~l\' ~> (3.9) 
l_ I \," ·- \ 1... \ \)~ ·- \jW . ~v) 2..~~) J-1 ...,;w ·L '~·J) fJ,. 

,Jr:r~.~e'T'V!M, 4TO p,;~~ O.J1UTFOCT~1 B (E .. ~),. a TaJ-C'>Kf1 COOT3eTC~:2~[;l_1 L~?e VI'<~ 

ITJ10T:1C',CT Z ~OL{OB B OTJI1::..r:F.' OT t~2Cl'O?:~H:X n::t·~THGCTe i: :JEe ~Jf~111 ;1 ~r,;~:yJib-

C'=l 1: -l.Q;.: JiB)1HlDTC!I :F~JTCh~.S.;I:S!-if:l'':Yt. 0Jie 7~03&':'f;JibUO, 3ROJI?JU',r!l aT11X 

Ben~u~H EO Bp8~8H~ 3BB810MO anpKqMHHBR, ITnOTHOCT~ B (E.2.~) 3 OTHK

q!-1<; OT OCT1HJ;Hb!X J"H'8T Ol1D8I(0.1i?H'lY10 T8H30Dl·c;TfJ prt3 1A8pHOCTJ, (4- Bfl 

' (•) ·-) ,(+)'\ ,,+c\., 
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Y C,1QBHH 06MeHa 

IlpenpHHThl H COOOIUCHH.I! 0l1..SU1 paCChiJlaiOTC.I! 6ecnJiaTHO, Ha OCHOBC 

B3aHMHOrO OOMCHa, YHHBCpCHTCTCM, HHCTHTyTaM, Jia6opaTOpH.!!M, 

6H6JIHOTeKaM, HayT.J:HhiM rpynnaM H OT.UCJihHhiM yT.J:CHhiM 6onee 50 cTpaH. 

Mhi o:>KH.rraeM, 'ITO nonyT.J:aTeJIH HJ.rraHHH Ol1Jil1 6y.rryT caMH npO.!!B

Jil!Th HHHUHaTHBY B 6ecnJia THOR nOChiJlKC ny6JIHKaUHH B )J;y6Hy. B nOp.!!JIKC 

OOMCHa npHHHMaiOTCll HayT.J:HhiC KHHrH, )l(ypHaJihi, npenpHHThl H HHOrO 

BH.Ua ny6JIHKaUHH no TCMaTHKC 0l1Jil1. 

E.!IHHCTBCHHhiH BH.U nyfiJIHKaUHH,KOTOphiH HaM npHChiJia Th HC CJie,ay

CT,- 3To penpHHThi I OTTHCKH eTa Teii, y)l(e ony6JIHKOBaHHhiX B HayT.J:HhiX 

:m:ypHanax/. 

B P.I!.!IC cJiyT.J:aeB Mhi caMH o6pamaeMc.l! K nonyT.J:aTeJI.I!M Haumx HJ.rra

HHH C npOChOOH fie CITJia THO npHCJ,a Th HaM KaKHC- JlHOO KHHrH HJIH 

BhlllHCaTh .UJlll HalliCH OHOJIHOTCKH HayT.J:HhiC )l(ypHaJihl, H3,!laiO(UHCC.I! B HX 

cTpaHax. 

0TIJ;eJibHhie 3arrpocbi 

l13.UaTCJlhCKHH OT,!ICJI C)I(CrO,UHO BhiiTOJIH.I!CT OKOJIO 3 000 OT,!lCJlhHhiX 

Janpocos Ha BhJChiJIKY npenpHHTOB H coo6meHHH Ol1Jil1. B TaKHX Ja

rrpocax cne.rryeT o6H3aTCJihHO yKa3hiBaTh HH.!ICKC JanparnHBaeMoro 

H3,!:1ai!Hil, 

Agpeca 

IlHChMa IIO BCC.\f BOIIpOCaM OOMCHa nyfiJIHKaUH.I!MH, a TaK)I(C 3anpo-

Chl Ha OTJlCJihHhie HJ.UaHH.I! CJie.rryer HanpaBJI.I!Th no a,llpecy: 

101000 MOCI<8Q, 
F~1a811blii no'-lmaMm, n/JI 79. 
Haoane/lbCKUU orroe/1 
06oeOUIIeiiiiOZO UIICIIIUIIIYIIIQ 
J!OepllbiX UCC/le008QIIUU. 

A.rrpec ,!lJill llOChiJlKH BCCX ny6JIHKaUHH B nop.!!,!IKC OOMCHa, a TaK)I(C 

.:IJill 6ecnJiaTHOH TIO,!lnHCKH Ha HayT.J:HhiC )l(ypHaJihl: 

101000 MOCK8Q, 
FAa811biU no'-ITWMIII, n/JI 79. 
llay'-lllo-mexllu'-lecKaJI 6u6AuomeKa 
06oeOUIIeiiiiOZO UIICIIIU111YIIIQ 
J!OepllbiX UCC/le008QIIUU. 


