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3a nocneAH~e ABa roAa HaMeT~IlC.A onpeAeneHHbl~ nporpecc 
B noH~MaH~~ A~HaM~K~ mecTK~x ynpyr~x npo~eccos B paMKax 
KBaHTOBO~ XpOMOA~HaM~K~ / 1-9 ~ npocTe~we~ 3aAa4e~ B 3TOM 
HanpaBJleH~~ .ABJl.AeTC.A ~CCJleAOBaH~e aC~MnTOT~4eCKOro noBeAe­
H~.A ¢opM¢aKTOpa n~OHa, TpaKTyeMoro KaK CB.A3aHHOe COCTO.AH~e 

B C~CTeMe KBapK-aHT~KBapK. nepBble pa60Tbl Ha 3TY TeMy no.AB~­

Jl~Cb B 1977 rOAY / l-3/. 0AHaKO nOilHbl~ aHaJl~3 npo6neMbl B paM­
Kax KXA B 3T~x pa6oTax AaH He 6b1Il *. 6onee AeTailbHoe ~ccne­
AOBaH~e 6b1Jl0 BblnOJlHeHO B pa6oTaxl4-6 / , rAe 6b1Jl0 noKa3aHO, 
4TO np~ AOCTaT04HO 6onbw~x nepeAa4ax ~Mnynbca, q: P'-P, aM­
nn~TyAa T(P, P'), on~cbiBaiO~a.A ¢oPM¢aKTOP qq -c~cTeMbl c ¢~K­
c~posaHHO~ Maceo~. ¢aKTop~3yeTC.A so scex nop.AAKax ~ Ail.A scex 
norap~¢MOB Teop~~ B03My~eH~~ /TB/: 

T(P,P ' )=¢*(P',Il2) ® E(Q2~~2,g) ® ¢ (P./12) + O(l / Q4 ), /1/ 

rAe ¢ ,¢*- BOJlHOBble ¢yHK~~~, aKKYMYil~PYIO~~e ~H¢OpMa~~IO 0 A~­
HaM~Ke Ha 6onbw~x paccTO.AH~.Ax, E / Q 2 - aMnn~TYAa napTOHHoro 
noAnpo~ecca, ~AY~ero Ha Manblx paccTO.AH~.Ax, a Q2=-q2 . 3Ta 
¢aKTOp~3a~~.A nOJlHOCTbiO aHanor~4Ha ¢aKTOP~3a~~~,cnpaBeAJl~BO~ 
Afl.A mecTK~x ~HKili03~BHbiX npo~eccos 1 10 • 11 1 /eM. TaKme 16 1 I. KaK 
06bi4HO, napaMeTp l / 11 2 OTAeJl.AeT MaJlble paCCTO.AH~.A OT 60JlbW~X. 
3ToT pe3yilbTaT MomHo o6o6~~Tb ~ Ha APYr~e mecTK~e ynpyr~e 
npo~eCCbl /eM., Hanp~Mep, / 2/ /. HeAaBHO HaM CTaJlO ~3BeCTHO, 
4TO DPOACK~~ ~ nenam, no ~X YTBepmAeH~IO, BbiBeJl~ npeACTaBne­
H~e /1/ B paMKax rnaBHoro norap~¢M~4eCKoro np~6n~meH~.A c no­
MO~biO 6onee Haril.AAHOro, 4eM Haw, nOAXOAa /S/ . Mbl y4~Tb1BaeM 

* B 4aCTHOCT~, a1 11 ¢opM¢aKTop n~oHa Bbl4~cn.Anc.A B necTH~4-
HOM np~6n~meH~~. XOT.A B ~CnOJlb3yeMO~ aBTOpaM~ 3TO~ pa60Tbl 
¢e~HMaHOBCKO~ Kan~6pOBKe HeKOTOpble HeJleCTH~4Hble A~arpaMMbl 

AaiOT BKilaA no Kpa~He~ Mepe Taro me nop.AAKa, 4TO ~ necTH~4-

Hble. C APYrO~ CTOPOHbl, pa60Tbl / 2,3 / .ABJl.AIOTC.A KpaTK~M~ C006~e­
H~.AM~, B C~IlY 4ero AOKa3aTeJlbCTBO HeKOTOPbiX YTBepmAeH~~ 
B H~X OTCyTCTByeT. 
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BCe norap~-1~~,1-1 3TO np~BOA~T, ecTeCTBeHHO, K ycnO*HeHH~ 
aHan~3a, XOTR ero OCHOBHble np~Hl.l~nbl AOCTaT04HO npOCTbl. 8 AaH­
HOH 3aMeTKe M~ pe3~M~pyeM OCHOBHble HAe~ ~ pe3ynbTaTbl pa-
60T 12 •4- 6 1

. KpoMe Toro, Mbl o6CYA~M BKpaTt.~e CTPYKTypy OAHOro 
1-13 BKnaAOB, Aa~ero CTeneHHY~ no 1 / Q 2 nonpaBKy K OCHOBHOMy 
pe3ynbTaTy, C TeM, 4T06~ npo~nn~CTp~poBaTb B03MO*HOCTb AO­
nonHI-!TenbHOH ~H$paKpacHoH 4yBCTB~TenbHOCT~ AnR aMnn~TYA 
$QpM$aKTOPHOro T~na, 

Haw nOAXOA OCHOBaH Ha C~CTeMaT~4eCKOM ~cnonb30BaH~~ Teo­
PI-11-1 B03My~eH~H. no3TOMy, 4T06~ ~3y4aTb CBO~CTBa CBR3aHHbiX 
COCTORH~H, He06XOAI-1MO BBeCTI-1 B paCCMOTpeH~e nonHble aMnn~TYAbl, 
KOTOpble Aa~TCR cyMMOH no seeM nopRAKaM T8. Hanp~Mep, AnR 
l-13y4eH~R ~OpM~aKTOpa n~OHa He06XOAHMO paCCMaTpHBaTb aMnnH­
TYAY T(p 1 ,p 2 ;p{.P2 ), onHCbiBa~lllY~ $QpM~aKTop qq -cHcTeMbl 
C ~1-!KCHpOBaHHOH MaCCOH ((p 1+Pe)2 =qJ 1+p~ ) 2= m;. ). noA4epKHeM, 
OAHaKO, 4TO ~YHAaMeHTanbHble nonR fT,e. KBapKH 1-1 rn~OH~/, 
COnOCTaBnReMble BHeWH~M nHHHRM COOTBeTCTBY~~HX Al-!arpaMM ~eHH­
MaHa, MoryT /a a KXA Aa*e AOn*Hbl/ HaXOAHTbCR BHe Maccoeo~ 
noeepxHOCTH. Ho a 3TOM cny4ae aMnnHTyAa T ( l pi D He 6yAeT 
KanH6poB04HO-HHBapHaHTHOH eenH4HHO~. npocTeHWI-1~ BbiXOA co­
CTO~T B 3aMeHe ~CXOAHOH aMnn~TYAbl T aMnn~TYAOH, COOTBeT­
CTBy~~eH A~arpaMMaM C 6eC4BeTH~M~ BHeWH~M~ n~H~RM~, OTHO­
CR~~M~CR K HeKOTOpbiM $~KT~BHbiM 4aCT~l.laM /CM. p~c. 1/. 3aMe­
T~M, 4TO BHyTpeHHHe 4aCT~ A~arpaMM a o6o~x cny4aRx coena­
Aa~T. Ha caMoM Aene, AOCTaT04HO AOKa3aTb ~aKTop~3a4~~ /1/ 
AJlR HeKOTOPOH C~CTeMbl, on~CbiBaeMOH npOH3BOnbHbiM Ha6opoM 
K(~,f,A) ~YHAaMeHTanbHbiX noneH, KOTOpbiH ~MeeT HeHyneey~ 
npoeKl.ll-1~ Ha n~OHHOe COCTORH~e /CM, / 6 / j, 

Haw aHan~a Mbl Ha4~HaeM c Taro, 4TO aan~cbleaeM Ka*AY~ 
~3 A~arpaMM p~c. 16 B a -npeACTaeneH~~ 1 121: 

T(Q
2

,p
2
)- j ll daaD-

2
(a)G(p 

1
,p2 ,pl ,p2,a) expi(Q 2A(a) +p2I(a)), 

0 a D(a) 

(2) 

~ --A~~~~~­
_L_l_ ~~U--= ~~lLJ-1-~: ~l:l_)l~~ 

a/ 6/ 

PHC. 1. AMnnHTYAbl, Oni-1Cb1Ba~He ~OPM$aKTOp CHCTeMbl qq: 
af npOCTeHWaR aMnnHTYAa, ~Me~aR 4BeTHble BHeWHHe nHH~I-1, 
6/ MOAH~Hl.IHPOBaHHaR aMnn~TYAa, HMe~~aR CHHrneTHble no 4BeTy 
BHeWHHe nHH~~. 
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rAe p
2

- napaMeTp, xapaKTepH3Y~~H~ senH4HHY Man~x HMnynbc­
HbtX nepeMeHHbiX. 

Ecn~-1 eocnonb30BaTbCR aHanorHe~ Me*AY $e~HMaHoecKo~ AHarpaM­
Mo~ 1-1 3neKTpH4eCKO~ 4enb~ / 13/To BenH4HHY a a -napaMeTpa MO*HO 
HHTepnpeTHPOBaTb KaK COnpOTHBneHHe COOTBeTCTBy~~ero y4aCTKa 
4en1-1: aa= 0 03Ha4aeT KOPOTKOe 3aMbiKaHHe nHHHH a, a a a = oo 

aHanorH4HO YAaneHH~ n~-1 HHH a H3 AHa rpaMMbl. 
3aMeTHM 1 4TO HHTerpHpOBaHHe no o6naCTI-1 1 B KOTOpO~ A/D >p, 

AaeT 3KCnoHeHt.~HanbHO y6b1Ba~~H~ BKnaA O(exp(-Q 2p)), 1-1, TaKHM 
o6pa30M 1 CTeneHHble BKnaAbl O(Q-r-; MO*HO nony41-1Tb TOnbKO B pe-
3ynbTaTe HHTerpHpoeaHHR no o6nacTH, a KOTOpoH $yHK4HR A/D 
o6pa~aeTCR B Hynb. 8 paccMaTpHBaeMOH 3aAa4e HMeeTCR ABe 
OCHOBHble B03MO*HOCTH AnR o6pa~eHHR A/D B Hynb: 

a/ pe*HM Man~x pacCTORHHH /MP/, KOrAa paBH~ Hyn~ HeKOTO­
Pble a -napaMeTpbl aa

1 
, ... , aa /cooTBeTCTBY~~He nHHI-11-1 a

1 
, •.. ,an 

6yAeM Ha3biBaTb 11 TR*enbiMH 11!, 1-1 
6/ HH~paKpaCH~~ pe*HM /HP/, KOrAa HeKOTOp~e a-napaMeTp~ 

o6pa~a~TCR B 6eCKOHe4HOCTb /COOTBeTCTBY~~He nHHI-11-1 Ha3~Ba~T 
11 MRrKHMH 11

/. 

803MO*H~ TaK*e pa3nH4H~e KOM6HHa41-11-1 1-13 ABYX OCHOBH~X 
pe*HMOB. 3aMeTHM, 4To A / D=O 03Ha4aeT, 4TO AHarpaMMa He 
3aBHCHT OT 6onbwo~ HMnynbCHOH nepeMeHHOH Q 2 . TaKHM o6pa3oM, 
4To6bl o6Hapy*HT b o6nacTH, a KOTopi.1x A/D ~o. Heo6xOAHMo HaHTH 
nHHI-11-1 1 C*aTHe KOTOpbiX B T04Ky (a a= 0) H/Hnl-1/ YAaneHHe KOTOPbiX 
1-13 AHarpaMMbl (aa= oo) nHKBHAHPYeT 3aBHCHMOCTb AHarpaMMbl OT Q 2 . 
Ha1-16onee ea*H~e KOH~Hrypat.~HH noKaaaH~ Ha p1-1c. 2. Hac HHTe­
pecy~T, KOHe4H0 1 nHWb Te 1-13 HHX 1 KOTOp~e npHBOART K BKnaAaM 
O(Q-N) C MHHHManbHbiM N . noAC4eT CTeneHH N OCHOBaH Ha TOM, 
4TO OCHOBHO~ BKnaA AaeT 06naCTb HHTerpHpOBaHHR 1 B KOTOpOH 
a - 1/ Q2 AnR TR*enbiX nHHI-1~ 1-1 a- Q 2/ p 4 - AnR MRrKHX. 8 HM­
nynbCHOM npeACTaeneHHI-1 3TO COOTBeTCTByeT 1-!HTerpHpOBaHH~ no 
k - Q 1-1 k-p2 / Q COOTBeTCTBeHHO. 

C noMo~b~ 3Toro npae1-1na nerKo ycTaHOBHTb, 4TO p1-1c. 2a 
COOTBeTCTByeT noBeAeHH~ T-1 / Q 2 /c T04HOCTb~ AO norapH~MOB/, 
ecn~-1 CnHHOpHaR CTpyKTypa noArpa~a V npoeKTHpyeTCR Ha aKCH­
an bHY~ CTPYKTypy ( Yr,Y !l ) , 1-1 noBeAeHH~ T-1 / Q4, ecn~-1 6epeTCR 
nceBAOCKanRpHaR (y 5) npoeK4HR. P1-1c, 26 AnR OTAenbHbiX AHarpaMM 
COOTBeTCTByeT TOMY *e noBeAeHH~, 4TO 1-1 PI-IC, 2a. 0AHaKO nocne 
CYMMHpOBaHHR no BCeM AHarpaMMaM Bee 4neH~, npHBOAR~He K rnae­
HOMY /B CTeneHHOM CMbiCne/ BKnaAy, nonHOCTb~ COKpa~a~TCR np~-1 
ycnoBHH, 4TO see BHeWHHe nHHHH 6ec4BeTH~· . Hawe AOKa3aTenbcT­
eo TOrO, 4TO nOA06HOe COKpa~eHHe HMeeT MeCTO, OCHOBbiBaeTCR 
Ha pe3ynbTaTe CTepMaHa / 14< COCTOR~eM B TOM, 4TO B Ka*AOM no­
PRAKe T8 nonHaR aMnnHTYAa T(p,k) /pHc, 2*/ MeHee CHHrynRpHa 
np~-1 k =0 , p 2 =0, 4eM 3TO cneAyeT 1-13 ynpo~eHHOH 04eHKH, 3aTeM 
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P1-1c. 2. KoH¢1-1rypa~1-11-1, OTBeTCTBeHHble 3a cTeneHHble BI<IlaAbl: 
a/ Tf!)l(eJlble Ili-1HI-11-1 o6pa3yiOT HeKoTopbllll noArpa¢ V ; 6/ BAo6a­

BOK I< I<OH<)>I-1rypa~l-11-1 2a I-1MeeTCfl Ha6op S Mflri<I-1X riliOOHHbiX Jli-1-

HI-1111, COeAI-1Hf!IO~I-1X Ha4aJlbHOe 1-1 I<OHe4HOe COCT0f!HI-1fl; B/ OAI-1H 
1-13 BaJleHTH~X I<Bapi<OB - Mflrl<l-1111; r/ Tf!)l(eJl~e Jli-1HI-11-1 ofipa3yiOT 

ABa pa3Jli-14H~X noArpa¢a, VL 1-1 VR ;A/ peAY~I-1POBaHHaf! Al-1arpaM­
Ma Ailfl KOH<)>I-1rypa~l-1~~~ 2a-e; e/ TO )l(e AJlf! 1<0H¢1-1rypa~1-11-1 2r. 
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Mbl I-1CnOJ1b3yeM TO, 4TO AOnOJ1HI-1TeJ1bHbllll MH0)1(1-1Te!lb 0((pk),' Q
2

), 

ocna6Jlf1Klllll-1111 CI-1HrynflpHOCTb np~-1 k:O, nocne I-1HTerpl-1poeaHI-1fl no 

o6nacTI-1 k-p ~'Q npi-1BOAI-1T 1< AOnOJ1HI-1Te!lbHOMY noAaeneHI-110 aMnni-1-
TYAbl <)>aKTopoM O(p ~'Q2) . . 3aMeTI-1M, 4TO 3TO AOKa3aTe!lbCTBo npi-1-
MeHI-1MO TOJlbi<O I< KaJ11-16poB04HO-I-1HBap!-1aHTHbiM aMnili-1TyAaM: Ha­

npi-1Mep, AJlf! npocTelllwelll aMnni-1TYA~ /y KOTopolll BHeWHI-1e Ili-1HI-11-1 

COOTBeTCTByiOT I<BapKaM, HaXOAfi~I-1MCfl BHe MaCCOBOIII noeepXHOCTI-1/ 
B <)>eiiiHMaHOBCI<OIII KaJl!-16pOBI<e OCTaiOTCfl HeCOI<pa~eHH~e MH0)1(1-1TeJ11-1 

Tl-1na ln pf / p~ *. 
P1-1c. 2e AaeT cTeneHHolll BK!laA TO!lbi<O AJlf! 6e3Maccoe~x 

KBapKOB. 0AHai<O 1-1 B 3TOM CJly4ae eMy COOTBeTCTByeT BI<JlaA 1 /Q~ 
Ha1-16onee 31<30TI-14ecKaf! KOH¢1-1rypa~l-1fl noKa3aHa Ha p1-1c. 2r. 

CooTBeTCTBYIO~afl peAY~I-1poeaHHaf! A1-1arpaMMa /T.e. A1-1arpaMMa, 

noJly4aiO~af!Cfl 1-13 I-1CXOAHOIII C)l(aT!-1eM B T041<y Tf!)l(eJlbiX J11-1HI-1111 1-1 YAa-
JleHI-1eM Mflri<I-1X/ I-1306pa)l(eHa Ha PI-1C. 2e: OHa COCTOI-1T 1-13 3 
CJla60CBf!3HbiX KBapi<OBbiX 4aCTelll, a He 1-13 ABYX, KaK Ha PI-1C. 2A. 
CMbiCil 3Tolll KoH¢1-1rypa~1-11-1 6onee f!CeH e Me!l!li-1HOBCKOM npeACTae­

neHI-11-1 Aflfl T(Q 2,p 2 ): 
....0+ joo 

T(Q2,p2)=-1-. I (Q2)JI'(-J)<Il(J)dJ. /3/ 
2rr 1 ....0- joo 

B 3TOM npeACTaeneHI-11-1 aCI-1MnTOTI-14ecKoe noBeAeHI-1e T(Q
2

)AaeTCfl 

caMolll npaeolll CI-1HrYilf!PHOCTbiO <)>yHI<~I-11-1 <IJ(J), Hanp!-1Mep, eCJll-1 
T-1 ,'Q 2 /Kal< Ha PI-1C. 2a/, TOrAa <IJ(J) 1-1MeeT nOJliOC (J+1)-l, 

I<OTOp~~~~ nony4aeTCfl Kal< pa3 BCJ1eACTBI-1e I-1HTerpl-1pOBaHI-1fl no MaJl~M 

a -napaMeTpaM Ili-1HI-1111 noArpa¢a V. Ec111-1 Ha p1-1c. 2r o6a noA-

rpa¢a - ne Bbllll (V L ) 1-1 npa Bbllll (V R)- A a lOT nOiliOC (J+1) ~TOrAa 
nonHaf! CI-1Hrynf!pHoCTb ecTb (J+1)2,T .e. T(Q 2,p2)-ln(Q2j p2) j Q2 . 

Heo6xoA~Mo, OAHaKo, ~MeTb e B~AY, 4To 1/ Q2 - BKnaA, o6ycnoe-
neHHbllll pe)I(~MOM MP AJlf! VL /~11~ VR I, nony4aeTCfl 1-13 MHo­

)I(~TeJlf! 1/ Q 4 • KoTOPbllll AaiOT 3HaMeHaTe!ll-1 nponaraTopoe, 1-1 1-13 
MH0)1(1-1TeJ1f! Q 2, I<OTOp~~~~ AaiOT 4~CJl~TeJll-1. nocneAHI-1111 ~3 3TI-1X ABYX 

<)>aKTOPOB B03HI-1KaeT TOJlbKO AJlfl aKCI-1aJlbHOIII npoel<~l-11-1. Ho MO)I(HO 

noKa3aTb, 4TO Aa)l(e B 3TOM CJly4ae HeB03M0)1(H0 nony4~Tb Q 2 -

MH0)1(1-1Te!lb OAHOBpeMeHHO AJlfl VL 1-1 VR 15 1 

TaK~M o6pa3oM, e ¢eiiiHMaHoBcKolll Kan1-16poe1<e rnaeH~III ei<JlaA 

/KOTOpbllll BeAeT ce6f!, KaK 1/ Q 2, C T04HOCTbiO AO B03MO)I(H~X 
I10rapi-1<)>MOB/ MO)I(eT 6b1Tb nony4eH TOJlbKO B pe3yJlbTaTe I-1HTerpl-1-
poBaHI-1fl no Ma!lbiM a B noArpa¢ax V, 1-1Me~1-1x 4 BHewH~x KBap­

I<OBbiX Jl~H~I-1 ~ npOI-13BOJ1bHOe 41-1CJ10 BHeWHI-1X riliOOHH~X Jli-1HI-1111 

/p~c. 2a/. ,Qanee TaK~e noArpa¢b1 6yAeM Ha3~BaTb" Q 2 -noA­
rpa¢aMI-111 • .Qnfl I<OJll-14eCTBeHHOIII onpeAeJleHHOCTI-1 6yAeM C41-1TaTb, 

* H~ npi-13HaTenbH~ B.n.4epHf!KY 1-1 B.r.Cep6o, o6paTI-1BWI-1M Hawe 
BHI-1MaHI-1e Ha 3TOT <)>ai<T. 
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4TO A(V) "' aa 1 + .. . +aan (ai E V) Mano, ecn1-1 A(V)<l / JL2, rAe 
JL - npOI-13BOnbHbiH MacwTa6 nOPflAKa Q. TaKI-1M o6pa30M, BKnaA 

0(1 / Q ~ MO>KeT 6b1Tb npeACTaeneH B Bl-1Ae cneAYIOlJieH CyMMbl: 

T lead(Q2) = T TMP(Q2,Vi ), /4/ 

rAe TMIQ2 • Vi ) o6ycnosneH l-1HTerpl-1poeaH!-1eM no o6nacTI-1, 
B KOTOpoi1 A(Vi ) Mano (A(V j)<1 / JL 2), HO see A, OTHOCAlJII-1eCfl 
K 6onbWI-1M Q2 -noArpa¢aM Vk , eenl-1Kl-1 (A(Vk) > 1/JL 2,ecnl-1 
v k ") v j). Apyrl-1Ml-1 cnoBaMI-1' vi COOTBeTCTByeT ManbiM paccTOfl-
Hl-1flM, TOrAa KaK Vi /T. e. 4acT b A1-1arpaMMbl, ne>KalJiaA BHe Vi I -
6onbWI-1M. 

npoCTei1wei1 KOH<!>l-1rypa~!-1ei1 npl-1 3TOM flBnfleTCfl Ta, B KOTOpOH 
noArpa<t> Vi He l-1MeeT BHeWHI-1X rniOOHHbiX nl-1Hl-1i1. Apyr1-1e KOH<!>l-1-
rypa~l-11-1 MO>KHO nony41-1Tb 1-13 Hee, A06aBnflfl BCeB03MOlKHbiMI1 cno­
co6aMI1 BHeWHI1e rniOOHHble nl-1Hl-111. AanbHei1wl-1i1 aHanl-13 Hal-16onee 
YA06HO npoBOAI-1Tb B KOOPAI-1HaTHOM npeACTasneHI-111. npl-1MeHflfl 
TO>KAeCTBO <l>11p~a /c ~enbiO pac¢aKTOPI-130BaTb Cnl-1HOPHYIO CTpyK­
TYPY A1-1arpaMM/, Anfl npoCTei1wei1 KOH¢1-1rypa~1-11-1 HaXOAI-1M 

npocT.( , , ) ~ f 4 4 4 4 
T pl,p2,p1,p2 ~ . . k d Ald A2dp1d P2 

I,J =S ,V , T ,A , P 

<P[P2 1 s + T 1 if; (p 1 ) ri .p < P 2 ) s 11 o > E ii < \ . A2 • P 1 • p2 ; JL 2) 
/51 

< o 1 s +T 1 ;;;. c A 2 ) r i 1/J (A 1 ) s II P1 ~ > . 

rnaBHbli1 BKnaA a /5/ o6ycnosneH A -npoeK~l-1ei1, T. e. onepaTopa-
Ml-1 ¢;(x 1)y5 yJLI/J(x 2 ). CyMMI-1posaHI-1e no BHeWHI-1M rniOOHHbiM 
nl-1Hl-1flM /c T04HOCTbiO AO 4neHOB, l-1MeiOlJII-1X CTeneHHYIO ManOCTb/ 
npl-1BOA1-1T K 3aMeHe 3Tl-1X onepaTOpOB Kanl16poB04HO-l-1HBap!-1aHTHbi­
Ml-1 / 10 ~ Hanpl-1Mep: 

- - A1 ~ 
I/J(A 1)y5 yJLI/J(A2)-+I/J(\)y

5
yJLPexpig( f AJL(z)dzll)ljJ(A

2
). /6/ 

A2 

Pa3narafl 3Tl-1 onepaTOPbl a PAA Teiinopa no noKanbHbiM Kanl-16-
poB04HO-l-1HBap!-1aHTHbiM onepaTopaM lfy5 yJL DJL 1 ... DJLn 1/J 1-1 nepe-
pa3narafl nocneAHI-1e no onepaTopaM c onpeAeneHHbiM TBI-1CTOM, 
nocne l-1HTerpl1poeaHI-1R no A 1-1 p nony41-1M 

F17 (Q)= L f*(JL 2 ,g)L
2 

E (Q
2
2

,g)fn(JL2,g)+0(1 / Q4 ), 
m,n=O m Q mn JL 171 
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rAe f~, fn - peAY~l-1POBaHHble MaTpi14Hble 3neMeHTbl onepaTOpOB 
C TBI-1CTOM 2. 0TO>KAEi!CTBnRR f~ , f n C MOMeHTaMI-1 11 napTOHHbiX11 

BOnHOBbiX <I>YHK~l-1H cf>(f) 
1 
f C¢Cf.JL 2)df=fn(JL2 ), 

-1 /8/ 

nony4aeM BeCbMa eCTeCTBeHHYIO napTOHHYIO KapTI-1HY /CM. p11c. 3a/: 
¢(() oni1CbiBaeT pacnaA n11oHa Ha cocTasnRIOlJII-1e ero KBapKI-1, 
c/> * (TJ) - o6paTHbli1 npo~ecc, TOrAa KaK 1/ Q2 E((,.,.,;Q 2/ JL2,g)-
aMnni1TYAa napTOHHoro noAnpo~ecca, 1-1AYl!lero Ha Manblx paccToR­
Hl-1RX, - CTPOI-1TCR no o6bi4HbiM npae1-1naM TB, npl14eM JL 11 rpaeT 
ponb 11H¢paKpacHoro o6pe3aHI1R AnR norapH<!>MOB. B Hl-13WeM no­
DRAKe no KOHCTaHTe CBR3H /pi-1C. 36/ nony4aeM 

2 
1 E = 2g Cr._ __ 

Q2 Born Nc(1-f)(1-TJ) Q2 /9/ 

rAe Nc=3, CF =4 / 3. EcnH SU(2) -cl-1MMeTpHIO C4HTaTb T04Hoi1, TO 
¢(f.JL2)=¢(-f.JL 2 ). 4To6bl H36e>KaTb norap1-1¢MOB T1-1na lnQ 2/JL2 

B nonpaBKax BbiCWHX nopRAKOB Anfl E, B03bMeM JL= Q, H B peaynb­
TaTe 

F
17 

(Q)= Srra~(Q) • ~F 1/ ¢((,Q:)dfi 2 +0(1/Q 4)+0(a!). 
Q c -1 1 -f 

/10/ 

3Ta ¢opMyna I-1MeeT c~cn TOnbKO a TOM cny4ae, ecnH HHTer­
pan no f CXOAHTCR. 0AHaKO 3TOT I-1HTerpan AOn>KeH CXOAI-1TbCR 
B Ka>KAOM nopRAKe TB, B paMKax KOTopoi1 BbiBeAeHa ¢opMyna /10/. 
Aei1cTBI-1TenbHO, B HynesoM npH6nH>KeHI-1H ¢(f)-8(f-x), ecn~-1 

p 1 = l;x P B CHCTeMe C 6eCKOHe4HbiM HMnynbCOM. Hcnonb3YR a -

npeACTaBneHHe AnR ¢((), MO>KHO noKa3aTb, 4TO B Ka>KAOM nOPRAKe 

a/ 

L,. 
I 
I 

-,--L 
+ 

6/ 

Pi-1c. 3. a/ napTOHHaR KapTio1Ha AnR <l>oPM<I>aKTopa nl-1oHa; 6/ HI-13Wee 
np1-16n1-1>KeH1-1e AnR aMnnHTYAW napTOHHoro noAnpo~ecca. 
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' 

no as <!>YHK~H.A ¢(~) BeAeT ce6.A, KaK (1~ 2)npH ~ 2 - 1 /eM. 
151 I. 

B npHH~Hne, KOHe4HO, B03MO~HO, 4TO nOnHa.A BOnHOBa.A <!>YHK~H.A, 

nony4a~~a.Ac.A B peaynbTaTe cyMMHposaHH.A no seeM nop.AAKaM TB, 
He o6ecne4HBaeT CXOAHMOCTI-1 1-iHTerpana npi-1 ~ 2-1. B 3TOM cny4ae 
He06XOAI-1MO 6blnO fibl paapa6aTbiBaTb MeTOAbl aHanH3a SHe paMOK 
TeOpi-11-1 B03My~eHI-1~. K C4aCTb~, CHTya~H.A, B Ae~CTBHTenbHOCTI-1, 
He CTOnb 6e3HaAe~Ha: MO~HO noKa3aTb, 4TO npi-1 AOCTaT04HO 

6onbWI-1X Q 2 <!>YHK~I-i.A ¢(~,Q 2) BeAeT ce6.A, KaK (1-~~np!-1 ~ 2 -1 ~ 5 • 6 1 

3 BOn~~l-i.A BOn HOBO~ <!>yHK~i-11-1 ¢ (~, Q 2 ) C 1-13MeHeHHeM Q 2 MO~eT 
6b1Tb Bbi41-1CneHa C noMO~b~ pac4eTa aHOManbHbiX pa3MepHOCTe~ 
cooTBeTCTBY~~Hx onepaTopos. DAHaKo a ynoMHHasweMC.A Bblwe 
6a3HCe HMeeTC.A CMeWHBaHHe Me~AY <!>YHAaMeHTanbHbiMI-1 onepaTopa­

MI-1 0111··· lln (x) 1-1 1-iX npOI-13BOAHbiMI-1 ca; ax)kol11··· fln (x). MaTpH~a 

aHOManbHbiX pa3MepHOCTe~ AHaroHanbHa TOnbKO B KOH<!>opMHOM 
6aa1-1ce, T.e. An.A onepaTopoe 

- n 3/ 2 ~ 
K 1111 1 ... Ill~ if; y 5 l y 11 [a+ C n ( 2 D ;a r ) ] 11 1 ... 11 nl if; , 

3/ 2 -> t- ..... -> t:: 
rAe Cn (x)- nonHHOMbl rereH6ay3pa, a =a+d, 20-D-U 

/11/ 

n c-> k n-k ~-> k / 5/ + 
a+ (D I a+) =a+ (D) . PeAY~HpoBaHHble MaTpi-14Hble 3neMeHTbl 
3TI-1X onepaTOpOB HMe~T npOCTY~ 3aBHCI-1MOCTb OT Q B rnaBHOM 
norapH$MH4eCKOM npHfinH~eHI-11-1 

1 2 ' 2 y IB 
kn(Q2 )= f ¢(~,Q2)c: /2(0d~- kn(Q~)( lnQo A ) ~ 

-1 lnQ 2,' A2 /12/ 

rAe Yn - CTaHAaPTHa.A HeCHHrneTHa.A aHOManbHa.A paaMepHOCTb, 
a B-ll-2N flavour / 3. rereH6ay3pOBCKI-1e MOMeHTbl nerKO o6pa~a~TC.A' 
1-1 a peaynbTaTe 

¢(~,Q2)z(1-f) l, n+3 / 2 k (Q 2)C 3 /2(~). 
n=0,2,4 (n+l) (n+2) n n /13/ 

3aMeTHM, 4TO napTOHHble BOnHOBble <!>YHK~I-11-1 YAOBneTBOP.AIOT 
cne~I-1$1-14HOMY ycnOBI-1~ HOPMHPOBKI-1 

1 
iP

11 
f ¢(~.Q 2 )d~~ < O J uy y dJP > =iP f , ; 14; 
-1 5 11 11 17 

noCKOnbKY MaTpi-14Hbl~ 3neMeHT aKCHanbHOrO TOKa I-13BecTeH 1-13 
pacnaAa TT-> fLV : f 17 ~ 133 M3B. 3To -oaHa4aeT, 4TO k 0(Q 2)=f 77 

An .A scex Q 2. 
npi-1 04eHb 6onbWI-1X Q 2 BCe 4neHbl C n >-.2 BbiMHpaiOT 1-1 OCTa- • 

eTC.A TOnbKO BKnaA C n-0: ¢(~,oo)=3f 17 (1-~ 2 ) / 4. B pe-
aynbTaTe <!>OPM<!>aKTOp nHOHa /no Kpa~He~ Mepe npi-1 CBepx6onbWI-1X 
Q2 I Mo~eT 6b1Tb Bblpa~eH 4epea <!>YHAaMeHTanbHble KOHCTaHTbl 

10 

Teop1-11-1 

F ~as(Q 2) = 811 a 8 (Q)f; 
~- /15/ 

Ecn~-1, OAHaKo, aHanHTH4eCKH npoAon~HTb Bblpa~eHHe /15/ 
B o6naCTb Q

2
= 174 r3B 

2 ,MO~HO yBHAeTb, 4TO <!>opMyna /15/ Ha­
XOAHTC.A B nnOXOM cornaC!-11-1 C 1-1Me~HMI-1C.A 3KCnepHMeHTanbHbiMI-1 
AaHHbiMI-1. Mo~Ho nonbiTaTbC.A OTHeCTI-1 paaHornacHe Ha c4eT one­
paTopoe C BbiCWHMI-1 TBHCTaMI-1, HanpHMep, AOfiaBHTb K /15/ BKnaA 

P -npoeK~I-11-1 B /5/. ~e~cTBHTenbHo, Hcnonbay.A ypasHeHH.A ABI-1-
~eHH.A, nerKO YCTaHOBHTb, 4TO 

2 - m 
< o j uy5d j P > =f 17 -.!L.-:: f 17 • (1,8 r3B ), /16/ 

mu+md 

T.e. p - npOeK~H.A MO~eT AaBaTb 3Ha4HTenbHbl~ BKnaA npH yMe­
peHHO 6onbWI-1X Q

2
.npi-1 Bb141-1CneHHI-1 BKnaAa p -npoeK~I-11-1, B03HI-1Ka­

IOT, OAHaKO, ycno~HeHH.A, CB.A3aHHble C KOH<!>Hrypa~He~ 2r. npi-1-
POAY 3Toro ycno~HeHH.A nerKo noH.ATb, ecn1-1 npH6erHyTb K .A3b1Ky 
napTOHHO~ MOAenH. AHanor <t>opMynbl /9/ An.R P -npoeK~i-11-1 6yAeT 
COAep~aTb <!>aKTOP (1-~)-2, a He (1-~ - 1, TOrAa KaK nceBAOCKan.Ap-
Ha.A sonHoBa.A <I>YHK~H.A BeAeT ce6.A /a TB/ np1-1 ~ 2- 1 To~e 
KaK O(a s )(1-~ 2 

). B peaynbTaTe B03HHKaeT norapH<!>MH4ecKa.A pac-_
1 XOAHMOCTb. Ecn1-1 He npeHe6peraTb Maceo~ KBapKOB, TO ((1-cf)(1-ry)]_, 

-{(1-~(1-ry) + m 
2 /Q 2 ] - 1 ' 1-1 Mbl nony4aeM AononHHTenbHbl~ 

logQ
2

-<t>aKTOp B ~ornaC!-11-1 C BbiWenpHBeAeHHbiM o6cy~AeHHeM BKna­
Aa KOH<!>Hrypa~HI-1 2r. TaKo~ ~e AOnonHHTenbHbl~ norapH<t>M B03HH­
KaeT B TeOpi-11-1 ¢(~) , paCCMOTpeHHO~ B pa6oTe 1 16 1.0AHaKO Bee 
nHAHPYIO~He non10ca <I>YHK~i-11-1 <I> (J) /a AaHHOM cny4ae np1-1 J =-2 I 
o6ycnosneHbl HHTerpHpoBaHHeM no ManbiM a -napaMeTpaM, T. e. 
HeCMOTp.A Ha AOnonHHTenbHy~ I-1H$paKpaCHY~ 4YBCTB!-1TenbHOCTb 
I KOTopa.A cooT BeTcT a yeT TpeT be~ cna6ocB.A3Ho~ KOMnoHeHTe 
PeAY~HPOBaHHO~ AHarpaMMbl, PHC. 2e/, aCHMnTOTHKa <t>opM$aKTOpa 
ABYX4aCTI-14Horo CBfl3aHHOro COCTO.AHH.A Aa*e B TeopHI-1 ¢&) 
ynpaen.AeTc.A /a TB/ ManbiMI-1 paccTO.AHH.AMI-1. 6onee AeTanbHoe 
o6cy~AeHHe P-eKnaAa B KX~ /a TaK*e ¢(~) -TeopHH/ 6yAeT 
AaHo B Apyro~ pa6oTe. 

K c4aCTb~, B KX~ An.R rnasHoro BKnaAa KOH<!>I-1rypa~H.A p1-1c. 2r 
He pa6oTaeT, 1-1 B 3TOM acneKTe KX~ npo~e, 4eM ¢~6 ) - ee 
''npocTo~'' cKan.ApHbl~ aHano r. 
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