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Myaa xaprutTepHcTm i:a6orn. 

AK'ryaJIJ:,HOCTl:, npo61:reMH. B noCJie.n;~e H0CK01Il,KO JI0T aBTOMO,I(eJII,

HOe nooo.n;eHHe qioJM\l)aRTopoB rJIY6oKoHeynpyrmc JienTOH-a,IUlommx npo

~eccoB CTaJIO npe,IJ].leTOM BC0CTOpoHHero 8KCil0I)EM0HT8Jil:>HOro R Teope

Tli!'I0CKOro H8y'iemm. B peayJil:>TaTe 3TIDC HCCJI0,I(OBaHHli OKa88JIOC]:,, 'iTO 

6scTpo .I(BHJltj'IURHCH a,npoH BO MHOI'"l'IX OTHOIIl0HIDIX Be.n;eT ce6Jr KaK KOJI

JIHHeapHHii ~OK KBa8HCB06o,!UIHX MeMeHTapHHX cocTaBJIJiroIItHX - napTO

HOB, B8aID40,I(0liCTBYIOllll!X T~0tIIWM o6pa.80M C 3JieKTpoMarHHTHHM H CJia-

6HM JI0IITOHHHMII TOKaMH. 

C .n;pyroii CTOpoHH, BO BCeX H8B0CTHWC .n;o H0,I(aBHero BpeMeHH Jiar

PlHJK0BlllC 'T00p:wrx: IlOJUI B8aHMO,I(eiicTBHe pOCJIO npn nepexo.n;e K MaJIHM 

paccTOJIHH!IM, 'iTO HCKJIRl'JBJIO B08MOltHOCTl:> eCT0CTB0HHOro o6hffcHeHHH 

HB7I0HHH aBTOMO,I(eJil:,HOCTH B HlC p:lMKaX. 

Bee 8TH q>aKTH odycJIOBHJIH 6oJI1i!JOH HHTepec K HCCJI0,I(OBaHIDD aB

TOMO,I(eJil:>HOrO IlOBe.n;emm JI0IlTOH-8,I(pOHHIDC peaK~ Ha OCHOBe no.n;xo.n;oB, 

He HCil01Il:>3YIDIItHX Teopnro B08MY~0HHH H 6aanpyIDIItHXCH T01Il:,KO Ha o6IItHX 

npnrmrurax KBaHTOBOit T80Plffl ITOJUI. 0.n;HEM H8 TaKHX no.n;xo.n;oB HBJIH0TCH 

npHMeHeHKe npe.n;cTaMeHnii Ml! JB8JIH'iHHX qiy~ii. BCTP0tiaIOllll!XCH B 

KBaHTOBOil TeopIDI llOJUI: MaT.PH'IHWC M0M0HTOB T-npoR8Be.n;emm, KOMMY

TaTopoB, 8aITa9,InlBaDI!iHX KOMM;yTaTOpoB H T • .n;. 

KaK HSB0CTHO, npe.n;cTaB.1IeIDUI tJeJIJieHa-JieMaHa /TI-JI/ H 8ocTa

JieMa.Ha-.ItaiicoHa /-'1-JI-.zt/ BHpaJl!'a!)T HaH6oJiee o6nme CBOiiCTBa 8THX 

<pj'HK~, CJI0.z:tYDJIIJl0 HS llOCTYJiaTOB nyaHKape-nHBapHaHTHOCTH, Il.PH'IHH

HOCTII, Cll0KTP8Jll:,HOCTH R Il01IOJCll1TeJil:>HOCTH M0TpmtH. 

B pi6oTax H.H.B:ir01rro6o:aa, B.C.B7Ia.n;HMHpo:aa, A.H.Tam:eJIII.D;aefI/ 
aBTOMO.IteJil:>HOe noBe.n;emi:e npo~ecca r;ry6oKoHeynpyroro etJ -paccrui:-

mm 6WIO HCCJI0,It0BaHO Ha OCHOBe npe.n;cTaM0HM 8-JI-n. B tiacTHOCTH, 

{Wt>, . . r:nl'l'yt I 
Uf:j3lll.1Z c1.lcJlc)ll'~ 

61f1G~TEKA ___.,,, -- --



ID.Ill 6Wia .noKa3aHa HenpOTllBOpeqnBOCTI, HBJI8HIDI aBTOMO,neJII,HOCTll 06-

lllllM llPllHI.0:UiaM JIOKaJII,HOli KBaHTOBOH Teopnn llOJIII, CiJioPMYJilipOBaHU 

orpa1rnqemm Ha crreKTpaJII,HHe ruroTHOCTll npe.ncTaBJieHM R~JI-Jl, 06ecrre

q,1Ba!OO{,ie aBTOX.!O,neJibHOe ITOBe.newrn COOTB8TCTDYIOllll'.X ijiopNiqaKTOpOB. 

HaCTOlI!IIM ,nl!CC8PT8.Ullff ll0CM!ll8Ha ,naJII,H8llill8MY pa8BHT1'Il0 H npm.1e

H8Hm0 B KOHKpeTHIDC sa,naqax no.roco.na, OCHOBaHHOrO Ha llCUOJII,80BaHllll 

npe,ncTaBJieHHH 11-Jr-Jl. KpoMe Toro, B ,nllccepTarnrn: y,neJieHo 60JIHDoe 
+ -

BHHMaHHe IICcJie.noBaHIDO rrponecca e e -aHmi:ru.mrn1m B a,npoHH B paM-

Kax aCHMIITOT:IN8CKll CB06o,nHIDC Teop:im TIOJI!I H T80pll:H IIOJI/I C aHOMaJII,

HbIMH pa3M8pHOCTm.m. Ilpo6.rreMa acl!MIITOTH'I8CKOro llOBe.neHl'UI llOJIHoro 

ceqemm 6 (e+ e - a,npmrn) = ~ (S) npIIo6peJia B IIOCJie,nHee BpeMH 

oco6eHHO 60JII,J]J08 3HaqeHne, llOCKOJII,KY corJiacHO IIaPTOHHOli MO,neJill 

OHO Henocpe,ncTB8HHO CM3aHO C qnCJIOM H M8KTP:IN8CIDIMU sapg.naMll 

qiyH,naM8HTa.JII,HIDC COCTaBJIHroil!ID( a,npoHa - KBaPKOB. KaK IIOKa3aHO B ,nl!C

cePTanim, HCIIOJII,30BaHne rrpe.ncTaBJieHl'UI qeJIJieHa-JieMa.Ha nosBOJIR:eT 

llOJIY'!llTI, CTporlle or.[BHll'!eHl'UI Ha llOBe.neHHe i5 ( ~) Ha OCHOBe 

lI3B8CTHOro B acm,mTOTll'!8CKll cB060,nHIDC T80PIDIX llOJI/I llOBe.nemm a.n

POHHOli WHKUllll BaeyyMHOli llOJIHpn3aUllll n ( 1'2.) npn: 1 '2. - - oo • 

B ,nl!CC8PTanlllI paccMOTpeHa TaroKe B8QI,Ma Ba.JKHM,KaK C TeopeTII

'!8CKOli TCJtlltlI 3P8Hl'UI, TaK ll npn cpaBH8Hllll T80pn:ll C 8KCll8pn:M8HTOM, 

sa.natJa YtJ8Ta rrpe,nacHMllTOT:IN8CREX nonpaBOK Ha Macey TmKeJIOrO 

C-KBal)Ka K ~ClIMIITOTWI8CKOMY llOBe,neHIDO d ( ~). 
lieJII,ID pa60TU HBJIHJIOCI, lICCJie,nOBaHlle npe.ncTaBJieHmi R-JI-Jl 

lI q_JI H HK rrpl-lMeHeHHe K ll3YtJ8HllID rJIYdOKOHeyrrpyrmc JI8IITOH-a.npoH-

N
. + -

Hmc pea.KUllli BR.na e + -e +, •• , e e __. a,npoHIJ:. 

HayqHM HOBlI3Ha ll llpaKT:IN8CKM geHHOCTI,, B·.nn:ccePTanim npe.n

JIOX8H HOBUR no.roco.n K llCCJie.noBaHIDO acHMIITOTll'!8CKHK CBOliCTB npe.n

CTaBJieHRH q-JI, OCHOBaHHW Ha HCUOJII,80Balllm M8TO,nOB !pyHKUlIOHBJII,HOro 

aHMnsa. IlpHMeHeHHe sToro no.roco.na nosBOJIWIO BnepBue llOJIYtJHTI, HB-
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HHe or.[BHWieHIIH B qiop,1e KOHetJHOSHepreTwrecK:irx: llIBBllJI CYMM Ha no-
. ... - . 

Be,neHHe nanHoro cetJeHIIH nponecca e e -aHHHrHJIJIUHH B a,npoHIJ: B paM-

KaX acHMllTOTll'!eCKll CB060,nHIDC Teop:im llOJI/I l'I Teopmi llOJI!I C aJIOMaJII,

llliMl'I pa3M8pHOCTSIMll, 

HoBUM BKJia,nOM JIBJUI8TCH nocTpoeHHe npe,ncTaBJieHl'UI BH.na R-i-Jl 

1IJUI ijiop.$.KTOpoB rJIY60KOHeynpyroro e N -paCCeHHHH B ;pn6.mute

Hl'IH CTporo 6e8MaCCOBOrO HYKJIOHa. Ilonytl:8HHOe npe.ncTaBJieHHe OKa3a

JIOCI, nane3HUM npia: lI3YtJ8Hllll or.[BH:IN8H:im Ha HBI-!Hli BH.n qJOIJ,l~TOpoB, 

CJie.ny~ HS npe,nnOJIOllt8Hl'UI O KOHqJOIJ,IHOli lIHBapllaHTHOCTl'I/2/,. 

BnePBUe . cTporo .n;oKas_aHa cxo,nIIMocTI, npe.n;cTaBJieHHlI ti-JT-.n 1IJUI 

T-nponsBe.neHIDi 6es BU'!l'ITamtlt, ecJIH Cll8KTpaJII,H8.ff IIJIOTHOCTI, COOT

B8TCTBYXX!l8ro npe,ncTaBJI8HM 1IJUI KOMMy-TaTopa- "f (U, i) l!M88T OTPH-
'2. '2. 

naTeJII,HHli nopg.noK KBa8Hnpe.neJia no A npn 'Ao - - 00 • IIpe,IT,1IoxeH 

HOBUR cnoco6 llOCTpoeHM Cll8KTpaJII,HQli IIJIOTHOCTH npe.ncTaBJI8HM Jle

sepa-I'ruI1,6epTa-Cy.napnaHa 1IJUI ijiop,1~Topon peaKUHH e N- e +••• 

Ha OCHOBe K0~8HTHillC qJYHKUHli paMOllteHM Brur1,c0Ha T-nponsne.ne-
,. . 

HllH a,npoHHillC 3Jl8KTpa.larHHTHillC TOKOB, 

CJJ:e,zcyJlllllRe pesyJII,TaTU Blpl:BHI'aIDTCH ,IT,1IlI 8ailfilTU, 

I. J[OKB.8aTeJII,QTBO B8arn,mo-o,nH08HatJHOro COOTB8TCTBV.Jl M8JK,ey 

acllMllTOTHKOil: nponaraTopa B rrpocTpaHCTB8HHO-IIO,no6HOil: o6JiaCTli H no-
'1 . 

Be.neHHeM npn 60JIHDHX n\ '2.. Cll8KTpaJI!,HOli IIJIOTHOCTH f(ro) COOTB8TCT-

:eyromero npe,ncTaMeHM qeJIJieHa-JieMaHa; 9KBIIBMeHTH0pTI, MacmTa6Ho

HHBaPHaHTHOro IIOBe.neHHR: Ha MaJIUX paCCTOlIHlIHX C-'!llCJIOBOll tJaCTH 

KOMMYTaTopa a.npoHHoro 3JI8KTpoMarHHTHOro TOKa ll aCHMllTOTWiecKoro 

rrocTOlIHCTila npn 60JIHDIIX <; WHKUllll 
5 

~1 \ R(5')tls.'. 
2. 

4~~ 

R(s)= 6(e.+e-- a,gpoH!I , 

a ( e+ e-- t' + /A -) 

' 3 



2. Orµrnwrnmm Ha noBe.n:eHRe R (S.) , aBJI.mCll!ReCH Heo6xo.IO™w.m 

ll .n:ocTaTO"!HHMll YCJIOBID!MR acm.mTOT:Htl8CKOro IlOBe.n:eHruI a.n;poHHOH 

qiyHKwm BaKYYMHOH IlQ7IJIPR3a,ullli f\ ( '\,
2

) ll.PH t 2(( 0, npe.n:cKa31illa8MO

ro acHMIITOTlfll:8CKll CB06o.n:IrnMR T80prurMll llQ7IJI. Orpalill'I8HWI Ha ITOBe.n:e

rurn R{S), .n:ocTaTOtIHHe )J)Ul cnpa:ae,rr;rnBocTH npe,n;cKasaHllli Teop.m mwr 

C aHOMaJII,Hh!Mli pasMepHOCTRMH O IlOBe,ztemrn: f\ ( ,2.) B npocTpaHCTBeH

HO-ITO,ll06HOii o6JiaCTl1 • 

3. KoHeTIHoimepreTRTiecKHe npaBima cj'MM )J)Ul R ( ~) . CpaBHeHRe 

npaBM Cj'MM C 3KCll8PliM8HTOM. 

4. Ilpe.n;cTaMeHll:e tlocTa-JieMaHa-,nailcom )J)Ul qioJMlaKTOpoB peaK

nHR e + N - e +. •• B npncimutemm 6esMaccoooro IJYKJIOHa. 

TeopeMa O MlUil'lMaJII,HO H806xO.JU™OM TIHCJie BHIIRTamti! B npe.n:cTaBJiemm 

tlocTa-JieMaHa-,llaiicom )J)Ul xpoaanorRtlecKoro npo:0:sBe.n;eHM. noKasa

TeJII>CTBO B03MOJltHOCTll Bll60pa npwnnnmx: qioJJ,$1KTOp0B .It7IJI npon;ecca 

Heynpyroro pacceJIHIDI ITOJm.PH30BaHHOro 8JI8KTpoHa Ha llOJIJiPR30:eaHHOM 

eyKJioHe. 

5. BHBO,n; aBTOMO.D:eJII>HOro llOBe.n:emm qio~qiaKTOpoB B paMKaX KB8.-

3llllOT8HnHMI>HOro no.n:x:o.n:a B nepeMeHHIDC CB8TOBOro qipoHTa. MeTO~ 

HaXOlK,ll;8Hllff B_8COBOH qiyHKI.(lffl npe;n:cTaBJI8HM iesepa-1im1,6ePTa-Cy.n:ap;

maHa Ha OCHOBe K08ql~llll;li8HTHIDC qiy~ pa3JIOllt8HWI BliJII>COHa one

paTopHoro npm1sBe.n:eHIDI 1' ( 'JI"' ( X.) J\/ ( o)) . BHBo.n: o cy111ecTBeH

HOM Hapymeiru.ll YCJIOBWI CIT8KTpaJII>HOCTR ;rr.ruI WOIMP8KT0p0B, Hrum8HH!:DC 

B npii.drrruKeHRR ] -cKeiilrnHra. 

Anpo6a.grul ffi60Tll. PesyJII>TaTll ~ccePTarnm ,ItOKJI8,IUIB8JIRCb Ha 

cecc:wi:x OH<li AH CCCP B I9?5-I976 ro.n:ax, M8JK.D:YHapo;n:HHX KOHpepem:nmx 

"HefiTpIDio-77" 11 "A.n:poHHM CTIJYKTypa-77" /TiexocJIOBaKIDI/, cemurapax 

OT.n:eJia TeopeTHTiecKoil qinsHKH lliil1. AH CCCP. 
Ily6JrHKaIJHH. no pesyJII>TaTaM .n:HccepTa,unH orry6JrHKoBaHo ceMI> 

CTaTeit. 

4 

l 
I 
i 
l 
t 

~ 

<• 

06beM ffi60Tll. ~CC8.P'l'all;IDI COCTORT R3 BBe.n:eHIDI, TI8T!lpex rJiaB 

OCHOBHOrO co.n:epJKaHID!, 3altJIIO'I8HlliI ll Tpex ITJ)l1JI0llt8HID1, co.n:ePJKll.T I3I 

CTJRimllY MalllllHOIIll.CHOrO TeKcTa, 3 pncyHK8. li 6n6Jrnorpsipl'I'!8CKHH crm-

COK JillT8JRTYPll ll3 84 Ha3:aa.Hllli. 

C088p,ga.Hl'18 jl3.6oTll. 

~CC8.P'l'all;IDI HaTillHa8TCH C BBe.n:eHRH, ll;eJil>ID KOToporo HB7IH8TCH, 

BO-rrepBllX. pacCMOTpeHRe OCHOBHlllC rrpRMeHeHIDi npe.n:cTaBJieHRH TI-JI li 

H-JI-n K ll3Y'f!8Hll:ID rJiy6oKOH8YilPYrOrO JI8llTOH-a.D;p0HHOro pacceHHIDI, 

BO-BTOPllX, Kpa.TKRil o6sop co.n:eplK8.HHH pa60Tll. 

B rJiaBe I PICCJI8,IJyIDTCH acIDMITOTHTI8CKll8 CBOHCTBa .D;ByxTOTI8'IHOil 

'if}yHKIJ;llll rpoo /nponaraTopa/, HaxO,IOITCH H806xO,n;RM!l8 ll .D;OCTaTOtJHH8 

YCJIOBM cymecTBOBaHliH o6o6meHHO-CT8Il8HHOH acWVIllTOTllKll nporraraTOpa 

B Tep,rn:Hax CBOHCTB Cil8KTpalil>HOH ITJIOTHOCTll COOTB8TCTBYIDI118rO rrpe,n;

CTaBJieHIDI TI-JI, noKa3aHO B3a!ll,lH0-0,llH03Ha'IH08 COOTB8TCTBll8 o6o6meH

HO-CT8Il8HHOli acllMITTOTHKll rrporraraTO_IB B8,Dylll8Il oco6eHHOCTll BaK7fYMH0-

ro cpe.n:Hero KOMMYTaTO_IB ITOJm BMil3ll CB8TOBOro KOIJYCa. IlOJIY'f!8HH!l8 

pesyJII>TaTll npRMeHHIDTCH ;rr.ruI nsy-qeHWI acHMilTOTWI8CKOro rroBe.n:eHHH 
+ -

rrOJIHoro ceTieHHH npouecca e e - a.n:poHH, 

B §I nsy-qaeTcH CBH3I, MeJK.nY acWVIITTOTHKOil rrporraraTO_IB H8HTpalilr 

( 
~ . 

Horo. CK8.J!HPHOrO ITOJIH G - r ) B rrpocTpaHCTB8HHO-ITO.D:06HOii o6Jiacnr 

BH.n:a 

G(s)= s- 1 
lf(S) + o(sol-1

yi(s)) 
~-+ Qo , (I) 

ot-t O rl2 0 
ofol~1, (f(S)=o..~ ~ \M 'tMS ... 

R ITOB8.D:8Hll8M Ilpli 60JII,IDHX rt\ 'l. Cil8KTpalII>HOil ITJIOTHOCTli s ( tl\ '2.) 
B COOTB8TCTBYIDIIl8M rrpe.n:cTaBJiemm TI-JI 

GH~) = I .l'(m~)J,rn.'-
m'2.-P'2. -~~ 

0 
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C IlOMOmbIO MeTO,ItOB WYHKUllOHa.libHOro aHa.JIH3a H B-npeo6pa80BaHlil! 

3aBI,!IJIOBa/3/ .ztOKa.81rnaeTcsr, "ITO cymecTBOBaHHe acilMIIToTmtH nponara

Topa Bll,Ita (I) 8RB.ll.BaJieHTHO YCJIOB.ll.lO 

'w - t;..m S ( ~ ~) / ( Kol-1 Cf CK)) ::: 

\<- 00 -1 J, ' soL l 
- (r(~-ol)) El0 (s) ,(ol-\-1) , 

wrn B x-npocTpaHClBe ~ 

(o\~ lf(XL lf(o)1\ 0> x2.~
0 

\C.:? ~" ( r c 1- ot{\:.[e(x'l(x't lf ( ;. )] 
B §2 paccMaTPHBaeTcsr IlOBe.zteHne ce-qeHH.fr ·e~e--aHID!rHJIIIUHli B 

an:poilll B TeOpHSIX, odJian:arommc Ma.CmTadHOH llHBap.ll.aHTHOCTblO Ha M8JIHX 

paccTOSIHIDIX. Haful;eHO, "ITO Ka.HOHH"I8CR8JI /T.e. TaRaJI xe, RaK B 

CBOdO,ItHOll Teop1m/ CTPYRTYP9. CllHrYJUIPHOCTH BaRYJ'MHOro cpe~ero 

ROMMyTaTOpa aD:POHHOro 8JieRTP0Ma.I'HHTHOro TORa , 

( 
0 

\ l Jr ( x_) J -J ( 0
) 1 \ t> > ><-2- !::; o 

( df,\ dv - D ~""") E ( x") 
6 

:c:IT 3 i' ( x
2
), 

1J 'l 'tJ -

a.=~ Qi. , J~ (x) =-L Q(\( (x) ~ "t\ (x) 
... -=='\ i.-="'\ r 

8RBHBaJieHTHa acl1MnTOTmtecROMY paBeHCTBY CYMMe KBa,n:paTOB sapmOB 

WY~aMeHTMblillX cocTaruurnmmc He caMoro OTHowemui: R ( S) , a ye

pe,ItHeHHOll BeJili"lliHl,l 
-1 

s 
~ 

\ R ( s.') J, c;' 
'2.. 

~tn'TI 

6 

)t 

/ 
~ 

~ 

f' 

Ilo~ePK.ll.BaeTcsr, "ITO aTo ycJIOBHe He ncRJimaeT npncyTCTBM B R.(~) 
OCUlfJIJillPYl.OOl8li ROMilOHeHTH, HeBID<llipa!Ollleit B npe.zteJie 6om:,mmc s. 

§3 nocMmeH BHBO~ cTpormc orpaH.ll."IeHHfi Ha noBe.zteHHe R ( S) 

B paMK8.X acHMnTOTli'I8CKH CBOOO.mIHX Teopmi H Teopmi ITO.JUI C aHOMaJ!b

HHMR pasMepHOCTHMH. Ha OCHOB8 paHee IlOJIY"I8HHHX pesyJibTaTOB Hali-

.zteHH npaB:wra cyw,,. .s 

s-1 
\ R(~')J.5' 

'tm~ 
~➔00 

a. + 0(1), 

~ 

~ R ( s') d.s~' = a.~ s + t ~ ~ s + .... J, + a ( 1), 
L.m2. S-.oo 
7 'if 

BHilOJIHeHRe ROTO!)HX HeodXO,ItliMO li ,ItOCTaTO"IHO ;IJ',1IJI CilJ:aB8.D)I.ll.BOCTH 

acm.mTOTHtiecxmc J:a8JIOJJtemni: ;IJ'.1IJI f\ (-S) BJ'I.I{a 

d,{l(-<;)= -~ 
J_ <; s.➔ 00 ~ 

+ ·o( ~), 

"(-<;) = a.~<; + t ~~~+ .... cl + 0 ( 1). 
S,➔ ()o 

npe,ItCKa.3HBa8MHX B aCliMilTOTK<IecRH CBo6o.mmx Teopmoc IlOJUI/4- 6/. 

.D:oRa3aHH BeCbMa odm:ae ,ItOCTaTO"IHHe YCJIOB.11H, rapaHTliPYIO-

ll!H8 BHilOJIHeID!.e orprumqemni: Ha IlOBe,IteHHe n (-C;;), H8BeCTHHX B TeO-

PH.fIX IlOJI/1 C aHOMaJibHHMli P:13MepHOCTSIMH. 

f.na.Ba II ,ItliCC8PT~ IlOCBIIl!l8Ha npm.1eHeHHRM npe.ztcTaBJiemm: 

i-J-l R H8yqemm JI8llTOH-a,n:pomrnx: pe8.RIJ;0:li B aBTOMO,It6JibHOM npe.zteJie. 

B §4, HocsrmeM odsopmm xapaRTep, HSJiaramcsr RHHeMa.Tmta peaR

n:o e + )J - e + • • • H orprumqemm Ha COOTBeTcT:eyromne ipoJ.lv$1.RTO

PH, CJI8~l.OOIHe H3 odmmc IlPHHUB-IlOB KBaHTOBOR TeOPHH IlOJIJI. J{OKa.3H

Ba8TCSI B03MOJltHOCTh BH6opa IlIJ.ll."IfilillHX lpC)p$RTOpoB ;IJ'.1IJI npouecca 

HHRJil03.ll.BHOrO :r:accesrmm IlOJIR:PH30BaHHOrO aJieRTpoHa Ha IlOJIR:PH80BaH-
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HOM HYK,lIOHe. 

§5 conepimT 1lllBonn oc5cyJK.I(eime npencTaBJieHM mma H-JI-.ll .ItlilI 

cpoJ:U{ba.KTopoB npouecca IIHRJII03IIBHoro JECcesunm O -KBaHTa Ha 6e3-

MaccoBOM HYKJIOHe. IIpn6JrIDKeHIIe, B KOTOPOM Macca HYK7IOHa nOJiaraeTC.lI 

CTporo paBHOH HY~ID, ecTeCTBeHHO,B03HIIKaeT npn HaJCOJK,I(eHllH MencT

Bllli npe~Q/IO~emm O KOHqJOP.,HOH llHBaPMHTHOCTll TeOpnR n!)H BllCOKllX 

aHeprrurx/2/. IlOJIY'leHHoe npencTaMeHIIe 6.7In3KO no cpop.,e K npencTaB-'.

~eHmo .l(e3epa-I'wrr,6eJ)'l'a-CynapmaHa /.l(-r-C/ l1 RMeeT B~: 
00 ~ , 2..m( 21 m 2 2. 

Ft(i,P)= L (Y-) )D(x;~)ni. (xf,i )J'A, 
o,m~N 

1 
o 

m i. 1 ( '"()(..flol ro 2. 

,__ hi. (YS, A ) = 2'\\ _\ e. lf i. (J.., A ) cl.J., 
/sneer, F- l i.f) -cTPYKTYPHlle 'PYHKUllll B x-npencTaBJiemm/. 

I, 

B npe~OJio~eHllll OTCYTCTBll.lI B Teop:im pa3MepHllX KOHCTaHT ~eH Toq-

HUH~ BecoBux 'PYHKURH aToro npencTaBJiemm. 

B §6 llCMe,DyeTCSI BOnpoc O 3aBRCHMOCTll tJllMa BlltlllTaHHlt B 

npencTaBJieHIIi aocTa-JieMaHa-.l(alicom .n;rur cpenHero no onHoqacT:ll'IHOMY 

COCTO.IIHHID T-npOl13Benemm ~OKMI,HUX TOROB OT acRMilTOT:ll'IeCKOro noBe

neHll.lI COOTB8TCTBYID!Jleli cneRT~I,HQH gzy'HKI~P.[ ~ Cii I A.'1.) • .l(OKa3aHO, 

tJTO Mll~I,HO Heo6.xom1Moe tJllMO BuqllTaHIIH J,.{ 'NV. 'f\ B o6meM MYtJae 

paBH.lieTC.lI 

Nm.,. = ro,,J)<. ~ (.1.1 +1, 0 °\ , 
'2. 2. 2. . 

rne J... -nopir.noK KBaannpe,ne.n:a qiy~ '\1 ( U 1 ?\) no A npH /\ ➔ °'; 

[ oL. 1 -Ue.n:8.!I tJaCT:& o1. , T. e. Hal16o.n:r,mee ue.n:oe 'IRMO, He npeBOCXOM

mee c:J.... 

Dlalla III .ll;llCCeJ)'rauRll noCBR:II!eHa BllBO.IJY, B paMKaX KBaHTOBOH 

xpoMo.mmaMmrn, npamm cyMM npH KOHetJHofi aHeprmr /IICK3/ .ItlilI R(s). 
IlOJiy-qeHHUe npaBJ.Uia CYMM nPHMeHmOTC.lI .n;ruI CpaBHemm npe,nCKa3amtfi 

8 

I 

) 

j 
l 

I 

-~ 
-,. 1 

( 
{ 

paM:li'IHllX MHOrOKBaPKOBllX Mone.n:eli C 3KcnepRMeHTOM. 

B §? R3 l13BecTHoro B KBaHTOBofi xpoMO.ll;llHaMmte noBe,neHll.lI qiyHK-

u:im cl n (- S) npn ~-+ oo nMy-qeHO rrpaBMO CYMM · 
d<; s t g 
~-1 ~ R.(s')J~'= _a.+o(s )+o(e,_s) c21 

7. ~ .. 00 '\A'\ -'l. "'l. 7 
~l'n'if '2.. C'\ 

cnpaB8,It}IllBOe B npe,ne.n:e Yn, ({&. CpaBHeHIIe IICK::l (2) C 3KCnepRMeH-

TMI,HllMll namrnMll no3BOJIMO Bl1.ll;eJillTI, TpH KBapKOB:Ue Mone.n:II, cnoco6-

HJ,!8 onncan noBeneHIIe R (&) B o6JracTll S. /.r 40 raw ( B npe~Q7I0-

~8Hllll cymecTBOBaHruI ~IDKe~oro aaprrReHHoro ~errToHa C--C c w.accofi 

m..;- = I,9 raB/c2/? ): 

A. N =4, Q'2.' = Q3 =-I/3, Q, = Ui, =2/3; 

E. N = 5, Q '2. = Q 3 = Q s = -I/3 1 Q 1 = Q '1 = 2/3 

B. N = 6, Q~ = Q3 = Qs = Q6 =-I/31 Q, = Q"' = 2/3 

I N -tJHc~o BaJieHTHUX KBa.PKOB, Q, -sapirn :rc38.pKa '- -:Ii BaJieHT

HOCTH/. 

B §9 Ha OCHOBe rrpencKaSHBa.eMoro KBaHTOBOR xpoMO.ll;llHaMllKOH no-

1lenemm: qiymunrn: n (CV) B KOMIIJieKCHOH o6JracTll 12 = s. + i. l!.) b~ bo, 

bo = 3 rslf /9/ BUBeneHll IICK3, YtJllTilBaJO[qlie MaCC!l KBapKOB: 

S R(s')s'".Ls'= \ R(s') s'" J..s.', ,
31 ~m? 0 'l-zor 

'J{ n.=0 1 +1,+l ... 
~ s s R ( s') s· \{ d. ~· .=== \ RT~op ( sn ~I I< J.. ~· 

~o 
I< = o, ± 1, ~ 2. ... 

3D;ecr, RT~of o6osmqaeT pesyJir,TaT BuqHMeHII:li no Teop:rm BOSMY!JleHIDi 

So 

(4) 

B KBaHTOBOli xpoMO,ItlIB8MllK8 ~OTb no nepBoro noPff,I];Ka no ai_MleKTllBHO:li 

KB8.PK-rJIJOOHHO:i1 KOHCTaHT8 CBR:Sll .J.. S BKJIIOtrnTeJU,HO / 9/: ) 

0 (c- 1)= 1 L Q~(3-\J'f-)\J· f~ + :! cl.r- P(Vi) l\Te.or .;, 1 i. ~ 1. " \ 3 ~ ·~ ' 

9 



I 

l. 

'2. 1/2 '§ 3 +V('Ji 3 ) 
Vi.=(1- 4 :t), J(v)= 2v --;;- 2- 'liI, 

°'~= 11~/[»¼(~~)- 2[¼(~;+5s:rn . 
. IL 

ro~ -Macca KBapKa '- -ii BaJieHTHOCTH, orrpe,neJIJieMaJI, B paMKaX 

TeopID1 BOSMj'llleHRii, IIOJIO.llteHReM IIOJIOOa COOTBeTCTBYIDlllero nporraraTopa. 

IloKasaao, ~TO OTHOCliTeJII,HaR: Olllll6Ita, CBR:88.HHaJl C aerrpm.1emmocTI,1D 
2-

IIePTYP6auliOHHlillC Jru}~eToB B o61racrn3m1 <~o, no IIOPff.nKY BeJIHtiliHH 
. ~o 

JnBHa /c TOtlHOCTI,IO ,no B08MOlmllX JIOraIJlilllMW!eCKl'IX /paxTOpOB/ ~ 
~'O 

)1,JUI IlCKS ( 3) li ( _ <" ) )1,JUI IlCKS ( 4) • OTMeTRM, ~TO IlCKS ( 3) 
':If ~- .)0 

BII8PBHe JnCCMaTpm38JIHCI, B pa60Tax/9 ,ro/ Ha OCHOBe aaa.normr C JIJ/Mb-

HHMK IIpaBMaMli CYMN,. )1,JUi CIIIJII,HHJC BSaRMO,neiicTBlitt/'II/, B KBaHTOBOH 

xpoMO,nRHaMRKe IlCKS ( 3) IIPH \'l = I HCIIOJII,SOBMHCI, B pa60Tru/I2,I3/ 

)1,JUI Ha.XolK,I!;eHRJI napaMeTpa I\ , onpe.neJIJI1011tero MacmTa6 KBaIJK-rJIIOOH

aoro BsaRMo,neficTBIDI. 

§9 co,nep.lltRT 06cyJK,I1;e1me pa3Jili"IHHX ~acTHHX CJIY'iaeB npaBM 

CYMM ( 3)' ( 4) H cpaBHeHHe IlCKS ( 4) C 8KCIIepHM8HT8JII,HHMH ,nammMH. 

Ibit,n;eao, ~To ,n.,m MO,ne.irn: A IlCKS ( 4) y,noBlleTBOl)RTe.nDHo corJiacynTCJI 

C 8KCII8pm.18HTOM. Hawrytnnee OIIliCaHHe 8KCII8pm.10HT8JII,HHJC .naHHHX .naeT

CH lllITHKBa,PKOBOii MO,neJII,IO E. /B 06oHX: CJIY'iMX CpaBHemre IIpoHSBO,nH-

JIOCI, npn \v-\,ro, ~- = 9 ra!f, ~ = 60 ra!f; BKJia,n oT poJK,I1;eHRJI 
+ -napH -c -r ~RTHBaJICSI ,no6aBJ1eHHeM COOTBeTCTBYIDUlero "IJieHa. B 

BHpa.2te1me )1,JUI R "te.p /. KomtpeTHHe saa~emm: Mace 4-ro H 5-ro KBap

KOB, IIl)RBO.ninztRe K ~meMj' corJiaCHIO TICKS ( 4 ) c 8KCIIepnMeHTOM, 

BeCI:.Ma.~BCTBRTeJII,HH K aeorrpe.ne.neHHOCTH B BH6ope IIapaMeTP:L (\. 

B rJiaBe IY HcCJie;rzyeTCH aerrpoTRBope~HBocn T.H. "IipH6.mmeHRJI · 

J -cKewmHra;,/r4/ ,ItJilI cpoIJ,1!paKTOpoB rJIY6oKoHeyrrpy~ro e JJ -pac-

10 

CeSIHHH 06!1lRM IIPliHI.\llIIaM KBaHTOBOll TeOl)Rli IIOJIH. 

B §IO JnCCMaTpHBa!DTCSI B8.n1lll88 aBTOMO,neJII,HOe IIOBe,neHRe npouec

ca e + N .- e + ••• H rrpe,nacHMIITOTli"I8CKlie IIOIIJnBKli K HeMY no

p=rmta ( ffi ii I~ c noMontLID KBaSHIIOTeHUlffiJILHoro rro.mco.na B rrepe

MeHHmc c~;OBOro qipoHTa/I5/. 

B §II rrpe,ll;7.laraeTCH HOBHH MeTo,n IIOCTpoeHIDI CIIeKTpaJII,HOH IlJIOT-

HOCTli B rrpe,ncTaRJieHlili .n:-r-e )1,JUi CTPYKTYPHlillC iIJYIIKUlili 

~ 1 ~ 1\ F, ()(.,f) = i'lf ~ <r;t?\(:J~tx),J (o) r,~>, 

F1. (x,f) =-}- [ (P,~\\~_J,u(~),J"(o)1\r,~) \fif~ 
ofl{° 5 . 

MeTo,n OCHOBaH Ha HCIIOJII,SOBamm paSJIOlK8HM Brurr,coaa. ,nJIH MaTp:wrnoro 

aireMeHTa f <.t>,?\·1.\(Jµ(X) J,,(o))\f,?). 
B CJie,nyrol!leM rraparpa~e C IIOMO~I,ID pesy~nTaTOB §II HaXO,nRTCH 

HBHHH BR,n CTI8KTpaJII,HlillC IlJIOTHOCT8H rrpe,ncTaRJiemm n-r-C ,nJIH cp<)JM

/paxTOpoB ~'\,'l. ( 1,P) ,Ha.it,n;eHHmc B rrpn61rRJKemm: J -cKeibrnara. IIo.rry

qeao, ~TO IIpR6.JIHlKeHHe J -cKefurnara CYlll8CTB8HHO aa.pymaeT YCJIOBHe 

CII8KTpaJII,HOCTH, TO eCTI, IIPR IIOIIHTKe ~eTa aToro YCJIOBIDI rryTeM BBe

.neIDlfI o6pe8a.lDIIIIDC E} -iIJYIIItUliR BJ!lO,nSITCH IIOIIpaBKH Toro lite IIOPff,I]:Ka, 

~TO li ~HTHBaeMH8 IIPR BHBO,ne IIpl!6.JIHllteHruI. 

B Sa.KJIIO!IeHHH CqJOJf.4YJilipoBaHH OCHOBHlle pesyJI:r,TaTH, rr~emru:e 

B ,n:HcCePTa.uim-

IlpwrolKeHM I,2,3 co,nel)lliaT .noKasaTeJII,CTBa H8KOTOPliX MaTeMaTH

~ecKRX TeopeM, HCIIOJII,SOBaHHlillC B ,nHCC8PT8.Ulfii• 

OcHOBHHe pesyJII,TaT!l, narrytrnHHHe B ,In'ICC8P'.l'a.gim. 

I. YcTaHORJI8HO B8al1MHO-O,nH08Haqaoe C00TBeTCTBll8 MelK,I!;y:acRMII

TOTHKOli rrponaraTOP:L B npocTpaacTBeHHo-rro,no6aott o6~acTH;rroBe~eHHeM 

npn 6oJI:r,mHJC rn~ CIIeKTpaJII,HOli WIOTHOCTll COOTBeTCTBYDmero rrpe,ncTaB-

11 
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JieHRI! ~-JI; cTpyKTypoi1 CHHI'YJUIPHOCTH :sa:icyyrtHoro cpenHero KOMMYTa

Topa BCinHsn cBeToBoro KOHYca. JloxasaHo, qTo MacmTa6Ho-nHBapHaHT

Hoe noooneHHe Ha MaJil:llC paccTOJIHIDIX c-qnMOBOfi ~aCTR KOMMYTaTopa 

a,npoHHoro SJieKTpOMa.I'HllTHOro TOKa 3KBIUlaJieHTHO acllMilTOTmecKOMY 

nocTOJIHCTBY He ciTHOilleHH!I R ( ~) , a ycpe~eHHoi1 BeJm~nIDl 
.s 

s- 1 ~ R ( s.') J. ~•-
2 

"'t m 'TT' 
2. Ilpe:wroxeH HOBllH MeTO'A H3~eIOOI CBff3ll Meimy llOBeneHHeM 

2) 2. qJyHKUilH a,npoHHOii :saeyyMHO:il llOJUIPHSawm: \1 ( \ llpH 1, /.!:.. 0 J 

KOTopoe H3BeCTHO )]JI.ff acllMilTOTmecRn CB060'AHHX Teoprui llOJI.R: H Teo

prui C aHOMaJII>HHMn pasMepHOCTRMil,H acm.mTOT~ecKRM llOBeneHHeM ce-
+-

qemm e e -aHHHr.umwrn: B a,npoHH npn OOJilillIDC S • lbil'Aemi: orraHH-

qeHll.fl Ha noBeneHHe f-. lS.) , KOTOIJHe, B c.rryq:ae acHMnTOTmecRH CB0-

6onHHX Teopnii llOJUI, .IIBJIRIOTCH He06XO'ARMH!vlll n nocTaTQqHHMH YMO

BllRMil ~nqllfl npencRasu:saeMoro aTHMH TeopruIMn acnMIIT0Tme01toro 
"2..) 2.. noBeneIOOI rr (_ 1 npn C\ .C:. < 0 . 

3. BuBeneHH ROHff'lnoaHepreTHtiecxne npaBMa CYMM .llJlff RCS) 1 

OCHOBaHHHe Ha H3B8CTHOM B KBaHTOBOii xpoMO'AHHaMHRe IIOBeneHIDl 

qJylIB.Ullli Il ( 12
)B KOMilJI8!<CHOii oCinacTli 3HaqeHHfi apryMeHTa f • Ilpo

ooneHO cpaBH8Hl1e no.rryq:eHHHX npaBM cyw.t C 3KCllep:llMeHT8JII,Hl:lMM naH

HHMH. HaiineHo, qTo CTaHnaPTH.9.!I qeTHPexKBaPKOBM MO'AMI> ynoBJieTBO

pllTMI>HO cor.JiacyeTCR C SRcnepHMeHTOM /c yqeTOM BRJia,na TilMOro 

"""C" -JienToHa/. Ha.ruryqmee onncaHHe aRcnepHMeHTBJII>HHX pesy.JII>TaTOB 

,naeTCR MTHKBapKOBOll MO'AMI>IO C Q S' = -I/3, 

4. Ilo.rryq:eno npencTaBJieHHe tl-JI-Jl )]JI.ff qiopMqrutTOpoB, omrclill8.JO-

lllKX npouecc e + J,J _. e +... B npaCinmKeHHn oTcyTcTBM B Teopmi 

P3-3MepHHX ROHCTaHT, HaiineH TQqHHH Bll'A BeCOB!iX qiy~fi 8Toro npen

CTaBJieHHR. Mcc.JienoBaH BOnpoc O MnHRMaJII>HO He06.XO'AHMOM ~Me BH

qHTaHnii Nm:.. "fl .llJlff a.MIIJIHTY'AH raccemum: Bnepen BHPTYBJII>Horo 

12' 

'¥ -RBaHTa Ha ~OHe B 3aBliCHMOCTli OT acHMnTOTHqecxoro llOBene-
. - 2. 

HHR cneKTpaJII>Hofi ®'HKU1ll1I 'l\'( lt 1 'X ) coOTBeTcTBYIOlJlero npencTaB.'Iemm 

il-JI-Jl, Hait'AeHo , qTo Nm... 'fl = t'(\.Ol ~ l ( ct. 1 + 1., 0 )" , 

r.I(e J... -noPfI,l);oK xms:anpenMa '\1(.U,X-) no )\"l.. npH >,.'2.-oo. 

JloxasaHa BOSMOJtHOCTI> BH6opa llPH'JHHHHX qJOp.,qlaKTopoB .llJlff r~6oKo

Heynpyroro npouecca :r:acceRHIDI noMpnao:saHHHX SJieKTpoHOB Ha nOJI.R:

pnso:saHHHX llYKJIOHaX. 

5. IlOKa3aHo, qTo KBa3HilOTeHUJ!8JII>Hllii no.zocon B nepeMeHHHX CBe

TOBoro ~poHTa npliBO'AHT B HMny.JII>CHOM npnCinmKeHnn K pesy.JII>TaTaM 

Ila!)TOHHOfi MO'AMli )]JI.ff qJOJ)MqrutTOpoB, OilllCH:sa!Ommc npouecc r~60KOHe

ynpyroro e N -paccMmm~ IIpe.!J,11oxeH HOmril MeTon Ha.Xo~eHM Beco

BOfi ciiYHKwrn npencTamremm Jl-r-e Ha ocHoBe ncnOJII>so:saHHR paMoxe

mm BMI>COHa )]JI.ff oneP3-TOpHoro llp0li3BeneHM \ ('Jµ(X) Jy ( o)). 
HcMe.I(o:saHa cor.JiacoBaHHocn qJOJ:MipaKTopoB r.Jiy6oxoHeynpyroro e JJ -
raccemnm, Hait'Aemmx B npnCinrui:eHHn J -cKeMnHra, c o6ll!HMH npHHUll

na.MH KB8.HTOBOfi TeopHH llOJI.!l. Haii'AeHo,'lTO B 3TOM npH6.JIM8HHH cy

mecTB8HHO HapymaeTCR yc.Jiomre CllCRTpaJII>HOCTH. 
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