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YqeHYR ceKperapb COBera 
KaHAHAar !IJH3HKO-MareMarHtleCKHX HayK 

A.E . .l\OPOXOB 

oBmAH XAPAKTEPMCTl'IKA PABOTH 

A.Itr~JlhHOCrh re»Y. B HaCTOR~ee BpeMR oO~enpK3HaHHOR OCHOBOR 
reopHH CHJlbHYX B3aHMOAeltcrBHlt RBJIRercn noneBaR reopKR UBerHWX 
KBapKOB - KBaHroBaR xpoMOAHHaMHKa (KXJJ.). XapaKrep B3aKMOAeltcrBKR B 
KID. TaKOB I qro KOHcraHTa CBR3H J..s JJorapK~MHqecKH yweHbllJaeTCR Ha wa
JJYX paCCTORHHRX (KJll'I C yBeJIHqeHHeM xapaKrepHWX HMnYJibCOB Q1 ), 

crpeiu1c1, KO B npeAeJJe OeCKOHeqHo OOJJhlllHX nepeAaq KMnyJJbCOB -"aCHMn
roTKqecK8.H CBOdOAa" (.l\.IlOJJKrUep, .l\.rpocc H ~.BKJJqeK). 3ro CBOltcrBO 
KXJ{ no3BOJJRer KCnOJlh30Bar1, reopHD B03My~eHKR (TB) AJIR onHCaHKH aA
pOHHYX npoueccoB c Oon1,wolt nepeAaqelt HMnyn1,ca (EecTKKe npouecc1,1). 
0AHaKo TB 1 8BJIR8Cb OCH OB HWM pacqerHWM Mer OAOM KBaHr OB oR re OpH H nons 1 

He llpHMeHKMa B KXJ\ AJIH BWqKcJJeHHR 3$1)eKTOB 1 3aBHC8Illl'IX OT AKHaMKKH 
ea OOJJbMHX paCCTORHHHX, rAe cy111ecrBeHHO CKa3YBaDrcs HeneprypOaTHB
HHe CBORCrBa reopHK. B JJDOOM ~H3KqecKOM npouecce B3aHMOAeltCTBKe npo
HCXOAKT KaK Ha MaJJYX, raK K Ha dOJJhWHX paCCTORHl'IHX, r.e. Kpowe 00J1b-

/l2 2 mHX ~ cy111ecrByDr K wanYe HMnyn1,c HYe KHBapllB.HTY f , raKHe, KaK 
KaCCH 8.,D;pOHOB, cp8AHH8 BiipryaJJhHOCrK KBapKoB, rJJDOHOB H r,A, J\JJH npH
M8HHMOCrH TB H800XOAHMO pa3A8JJHrb BKJJa,ll,1,1 MaJIYX H dOJJbMKX paccrosHKR 
B 8MOJJHTYlaX ~H3HqeCKHX npoueccoa. IlpH raKOM pa3A8JJeHHH (~aKropH3a -
UKK) qaCTb awnnuryAY, onpeAeJJH8Ma.8 MaJJWMH JRCCrOHHHHMH - K03ql!PHUH8Hr
HaB ~YHKll,KH, woxer Owr1, Bl,lqffcJJeHa no TB B BHAe PHAa no J..s, B 3TOM 
aanpaaJJeHKH pa3BKTW BHCOK03<ppeKrHBHWe werOAW BWqHCJl8HK8 MHOronerne
BYX nonpaBOK (A.A.BnaAKMHpOB, K.r.4erwpKHH u ·Ap., n.~.Ka3aKoB). BKJiaA 
OOJll,■KX paCCTOHHHlt yqKrYBaercs ~eHOMeHOJJOrKqecKH, HanpKMep, nyrew BB8-
,UBH YHKBepcaJJhHWX BOJIHOBWX ~YHKll,Hlt ljl (3KCKJID3KBHY8 npoueccw) l'I 
tyaxn•• pacnpeA8Jl8HH8 f (HHKJID3HBHWe) ,JVIH aAPOHOB. AwnJIHTYAa (ceqe
HBe) nponecca npeACTaBJIB8TC8 npH 3TOM B BKA8 HHrerpe.nhHOR CB8pTKH 
X03~KUH8HrHolt H BOJIHOBYX ~YHKUHlt (A,B.F4lpeMOB K A.B.PaADmKKH 1 .l\.Ilo
AITnep KAP,, A.MDJJJiep). IlocJieAHH8 woryr 0YTI, JJHOO H3BJJeqeHY H3 3KC
nepHM8HTa, JJHOO onp8l8Jl8HW HeneprypOarHBHWMH werOAaMH reopKK. B JIDOOM 
CJlyqae, YHKBepcaJihHOCThY) (f) }!KIii, TOrAa KMeer npaJ<TKqeCKHll CMYCJI, 
xor.M. ins HKX cy111ecraye1 cnocoO nepecqera or OAHH¥ lHHawxqecKKX ycno-
1111 (Q;o) It ,11;pyrKM (Q.1) 1 T .e. ltOrla K3BeCrHa 3BOJIDUK8 C Q1 

• 3B0-
AmUKB BOJIHOBYX K CTpyltTYPHWX ~YHltUKR onpeA8JIHercs no TB K ~KKCKpyercs 
iaMlepeHUKaJIJ,HYMK ypaBH8HH8MK 3BOJJDUKK. (n.H.RKnaTOB, r.AnrapeJJJll'I K 
r.napxaK, C.Bpo~cm K rr.nenax). 3HaHKe 3BOJJDUKK BaXHO He rOJJl,KO 
CaMO no cede, HO HeoOXOll'IMO ,ll;JIH aHaJJK3a xecrKKX nponeccoB C 8.,D;pOHaMK 

Obllt.ilidt"lffil;,it\ BHCTBTJT 
U~WI IKCJelOBlud 
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B npHtlRHJl:eHMM,CReAYD~eM 3a RHAHPYDmHM. TaK, 3BORDUMH BORHOBOA ~YHK
UHH nHOHa (BPIT) B AByxnetReBOM npHtlRHll:eHMH npMBOAHT K nonpaBKaM 
B a1imRHTYAbi' npoueccos nopaAKa J..5. , T.e. Toro J:e nopaAKa, 1uo H OA
HonetReBwe nonpaBKH K K03~HUHeHTHWM ~YHKUH!!M. Bee 3TO CTaBMT 3aAaqy 
noctpoeHHR peryRapHOro MeTOAa onpeAeReHM!! 3BORDUHH B~IT. 

B npHB eAeHHoA C xeMe pacqeT OB ll:eCTKHX npouecc OB qHC.TO ~eHOMeH ORO

rHqecKMM (OTHOCHTMbHO TB) 3ReMeHTOM OCTallTC!! HaqaRbHWe YCROBH!! 

ypaBHeHH!! 3BORDUHH ~. ( {o) . 0AHHM H3 nonyR!!pHWX nOAXO,llOB, n03BOR!!D
mHx awqHCRHTb TIOAOdHWe HH3K03HepreTHqecKMe a,llpOHHWe xapaKtepHCTMKH, 
HBRaetca MeTO.ll KXJl npaBHR cyMM (ITC) (A.H.BaAHwtellH, B,H.3axapoa, 
M.A.lliH~MaH). OCHOBHOA ocotleHHOCTblJ MeTO,lla !!BR!!eTC!! noRy~eHOM8HOROfH-
4eCKHII yqeT cneuH~H48CKHX ARR KXJI BaKyyMHWX ~RYKTyauHII, KOTopwe HaqM
HallT npO!!BMTbC!! yll:e npM ~anHX 3HaqeHH!!X els . BwqMCReHM8 aMnRHTYA 
npoBOAKTC!! B rnyClOK08BKRH,llOBOII oClRaCTH, ue K PRAY TB no J,s ,no
ClaBR!!8TC!! HenepTypClaTHBHWII BKRaA. IToc Re,llHMli HMeeT BHA CTeneHHoro pa
Aa no ROKaRbHWM aaKyywHWM Cp8AHHM (BC) KBapKoBWX M fRDOHHWX noneA, M3 
KOTopwx, Ha npaKTHKe, yqHTWBallTCH RHWb BC MHHMManbHOA pa3MepHOCTH. 
Onpe,neR8HHa!! TaKHM oelpa30M awnRHTy,na CB!!3WBaeTC!! AHCnepCHOHHWM COOT
HOWeHHeM c HaClRDAaeMWMM xapaKTepHCTHKaMM aApOHHoro cneKTpa. 0AHaKO 
yKa3aHHa!! annpOKCHMaUH!! CTeneHHoro P~Aa !!BHO He,llOCTaToqHa ,llR!! peKOHCT

PYKUHH ,lleTaReA ~OpMW ~YHKUMH ljo . 
Ug:!Th_~~Q.!!L - noctpOeHHe MeTOAa pacqeTa !!Aep 3BORDUHH B KOBa

pHaHTHWX KaRMClpoaKax H awqHcReHHe AByxnetReBoro H,llpa saoRDUMM V 
,llRa HeCHHfR8THWX BORHOBWX ~YHKUHII (nceB,llO)CKaR!!pHWX Me30HOB; peweHHe 
ypaaHeHHH 3BORDUHH c !!.llPOM V AR!! BORHOBoA ~YHKUMH nHoHa B npHClRH
ll:8HHR, cieAYDmew 3a RH.JlHPYllmHM, H aHaRH3 pORH 3BORDUHOHHWX noopaBOK 
B pa3RH4HWX ~H3H'le CKHX npm eccax; peKOHCTPYKUH!! HH3K03Hepre-r H'leCKOA 
~opw BPIT H3 KXJI ITC - T.e. Ha'IBJlbHOro YCROBH!! ypaBHeHH!! 3BORDUHH. 

ti~!!.§:.!!.J!Q!!~Ha.J!~OT~~ B ,ll;HCCeptaUHH pa3BMT HOBWA 3~8KTHBHWA 
M8TO,ll pac'leTa B ~eAHMaHOBCKOII KaRHClpoBKe H,llep 3BORDUHH AR!! 3KCKRD3HB
HWX H HeKOTopwx HHKRD3HBHWX npoueccoa. Ha ero OCHOBe BW'IHCR!!8TC!! 
AByxneTReBoe a,llpo ssonDUHH V .JlRH HecHHrneTHoA BORHoaoll ~YHKUHH 
(nceB,llo)cKanapHoro M830Ha, a TaKll:e paAHaUHOHHWe nonpaBKH B KXJI ITC 
,llR!! %IT. 

ITpoBe.feH no,llpoClHWA aHaRH3 CTpyKTypw !!A8P 3BORDUHH B CKaR!!pHoA 
MO,ll8RH ,,,>" HXll. BwasneHa ponb 3~eKTOB nepeHOpMHPOBKH B ~OpMHpo
BaHHH CTPYKTYPW !!,ll8p. YcTaHOBR8HO, 4TO Y KXJl-!!,llpa, B OTRH'IH8 OT CKa
napHoro cny11aa, CTpyKzypa He y,nosReTsopaeT npHHUHny "pe,llyUHpoaaHHOR 
KOH~OpMHOII CHMM8TPHH •••" XJ. 
----------) ' 

x s.J,.Br,ocniky et al, Phys.Lett, (1986) Bl.67, p,J47-J50. 
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B cRy4ae KX.U noRy'IHCR8HHWM cnocoCloM HaA,neHo peweHHe ypaBH8HHH 
3BOnDUMH B npHClRHll:eHHH, CReAyDmeM 3a RHAHPYDmHM. C HCnonb30BaHHeM 3TO-

J * l* o ro *peweHHH noRy11eHw nonHwe CP...s -nonpaBKH K npoueccaM l - :Jr 
H l 3t- .11' • AaanH3HpyeTca ponh "-~ -ssoRDUHOHHWX nonpasoK, 

IlORY'l8HW ITC KX,U ,llR!! MIT B TepMHHaX H8ROKaRbHWX BC. 3TO n03BORH
RO HaHtlonee ecteCTBeHHWM otlpasoM 111ecTb sall'.HWII :$1>eKT HeHyneswx BMp
TyanhHOCTell Ba.KYYMHWX KBapKoB < K > M pa,llHaUHOHHWe nonpaBKH K ITC. Yc
TaHOBneH !!BHWII BH,ll HH3~03HepreTH'leCKOA BPIT, KOTopwll OTnH'laeTC!! OT BPIT 
qepH!!Ka H lKHTHHUKoro X. 

ll!ill-KTH'leCKa!! ueHHOCTb n~ClOTW. PaspaCloTaHHa!! B AHCC8pTaUHH pery
R!!pHa!! TeXHHKa pac11eTa H aHanH3a !!,llep 3BOnDUHH (H3) MOll:eT ClWTb He
nocpe,llCTB8HHO npHMeHeHa ,llna BW'IHCReHH!! MHOrO'laCTH'IHWX H3 H H3 ,llR!! CHHr
ReTHWX B ORHOBWX gJyHKUHA, npH MH oronet neswx pa C'leTaX H3 H pa,llHaUHOHHWX 
nonpasoK K ITC. 

HaA,lleHHaH B rn.4 3BOnDUH!! B<PIT Il03BOAAeT npoBO.ll;HTb pac11eTW RDClWX 
ll:eCTKHX npoueccos C TIHOHaMH B CR8.llYDmeM sa RH.llHPYDmHM npHClnHll:eHHH. nna 

* * o v• npoueccos X l -:n: H 4 ~- n npos e,lleH y11eT Te.Koll noRHoA ,Ls -no-
npasKH, BKRD'laDmeA B ceela KaK nonpaBKH OT K03~HUHeHTHoA gJyHKUHH, TaK 
H 3a C'l8T 3BORDUHH B~Il. 

HaKOHeu, paCCMOTpeHHe KX,U ITC, B KOTOpWX HenepTypOaTHBHWe 3<WleKTW 
Y'ITeHW He H8CKOnbKHMH 'IReHaMH pa.nano noKanbHWM BC, a B uenoM, Il03BORl
eT 3Ha'IHTenbHO tlORee TO'IHO peKOHCTPYHPOBaTb HH3K03HepreTH'leCKHA BH.11; 
B~Il, Tew cawww, pac11eTW 3KCKRD3HBHWX npoueccoa C IlHOHaMH BWBO,llBTC!! 
Ha TOT :a:e ypoaeHh 'IHCTOTW (OTHOCHT MbHO ~eHOMeHonorHH) 'ITO H, HaTipMJf..ep, 
npoueccw e+ e-- h. . 

IlIQ.&!~!ilrn.1. no waTepHanaw AHCcepTaUHH onyClnHKOBaHo 6 paCloT, 
A!m~!lY!il!.J!~OT!!.., PesynuaTw, noRy11eHHWe a AHCCepTattHH, .llOKna

AWBanHCh H otlcyll:,llanHCb Ha CeMHHapax J!Tp OHHH, TeopeTM'leCKOM ce»HHape 
IDIH AH CCCP, C8CCHBX OH~ AH CCCP (1983-86 rr.). 

M~.J!~Clotw. nHccepTaUH!! COCTOHT H3 BBe,lleHH!!, 5 rnaa, 38.KRIUeHH!!, 
2 npHROJl:8HHA. TeKCT ,llHCCepTaUHH H3ROll:eH Ha 154 CTpaHHUax, CO,ll8pll:HT 21 
pHc YH OK I 9 TaOnHU. CTIHC OK RHTe paTypw BKRJlqaeT 105 HaHMeHOB8JI HA. 

COnEPlKAHHE P AEOTH 

l!Q_!!Be~!!!!L oOcyll:,llaeTC!! aKTyaRbHOCTb aonpocoa, IE,CCMOTP8HHWX B 

,llHCCepTaUHH, KpaTKO H3naraeTC!! co,nep:a:aHH8 paOoTW H noRy'leHHWe pesynh
TaTW, IlpHBO,llH TC!! oelsop RHTepaTypw I CB!! 3aHH oll C paCCMO TpeH HWMH B AHCCep
TaUHH sonpocaw1. 

---------
x) 

Chernyak V,L, 1 Zhitnitsky A.R. NucL Phys., 1982, B 201, p,492-526, 
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li_[:1!tl,~f_l i!3JiaraeTCH MeT0,11; BlilllilCJieHHH H,11;ep 3BOJlllUilil (KaJI11dpOBO'I

HO-ilHBap11aHTHlilX od'beKTOB) B qieAHMaHOBCKOA KaJI11dpOBKe ,ll;JlH 3KCKJlll3ilB-

HHX ii HeKOTOpHX i!HKJlll3i!BHliX npoueccoB. 
B pa3,11;eJiaX I,2 odoCHOBHBaeTCH HeodXO,ll;i!MOCTb pa3padOTKil TaKoro 

MeTO,ll;a. BBO,ll;HTCH OCHOBHlie noHHTi!H! BOJIHOBHe (flyHKUilil YJ(x,<i) ii (flyHK

Uilil pacnpe,l113JieHHH f(x,Q2 ), cocTaBHHe oneparopH, MaTpHUH nepeHopt.411-

poBKil Z , ypaBHeHilll 3BOJim1111 ii sui;pa 3BOJlllUilil. YCTaHOBJieHa CBH3b 

NK V Mel!C,ll,y H,ll;pa.Mi! 3BOJlllUilil ,ll;JlH 3KCKJlll3i!BHHX npoueccoB ii i!HKJlll3HBHHX 

p (H,11;pa f!11nar0Ba - AJirapeu11 - 1Iap11311): ~ 

P<i) :t1. i"-4
{ i (l)t1\ ~ V<x,y)ldx } 

! 2lf L N l "~ o . 
-~i~ ~o 

B pa3,11;eJie 3 BBO,ll;i!T Cl! pa3 JlOlleH 11e B<l>II no MHOrO'l8CTil'IHlilM tW HKUilHM ~k 

x) 
~C>t) = I_ f(xl{il)® ~ ({:z}) 

k I<. 
fA3 CBH3il MCMeHTOB ~(.)() C M8Tpi!llHHMil rrneM8HTB.Mil JIOKaJibHlilX COCTaB-

HHX onepaT opoB BliBO,ll;i!TC H npoue~pa onpe,11;eJieHi1ll aecoBHX 4JYHKUi!A f ~ 
,ll;Jlll JllldHX k . B pa3,ll;eJie 4, aJibTepHaTi!BHlilM cnocodOM, OCHOBaHHliM Ha 

onpe,11;eJieHHil ~(lC) 1rnpe3 wi.rpmHHA rrneMeHT HeJioKaJlbHoro oneparopa, 

noJiylleHa peKyppeHTHaH qiopMyJia ,ll;JlH f k , KOTopaH B adeJieBOM CJiyllae 

CBO,ll;i!TCll K npOCTOMY 3a14KHYTOMY BHpaEeHHll. HaKOHeU, B pa3,11;eJie 5 crpo

i!TCH aJirop11rM BH'IHCJI8HHH H,11;ep V ( P) qepe3 MHoroqacTH'IHlilB HAPa 

3BOJIDUHH V;k , onpe,11;eJil!DutHe cMe11111BaHHB qiyHKUHA ~j npH nepe-

H opwtpoBKaX 

V()(,~j) == I Pi1~'/20, 
1so V 

!l>opMy Jlilpy BTCH ,IJ;Har paMMHaH TeXHHKa ,IJ;JIH jo . BlilBO,ll;l!TC H llaCTHl,I e qiopMy-

Jll,I ,IJ;JIH BhNHCJIBHHll V B ,11;ByxneTJ1eBOM npHClJIH:IBHHH. 

li_rJIB.Be II_ MBT0,11;, pa3padOTaHHliA B npe,11;1i1~ut0A rJiaBB, np1,1MeHHBTCH 

K BH'IHCJ18HHD H,ll;pa 3BOJIDUHil ,ll;JlH HeCHHrJieTHOA BOJIHOBOA !l>YHKUHH nHOHa. 

B pa3,11;8Jl8 J BHBO,ll;l!TCH npocwe BlilpaJeHilll ,ll;JIH BKJ1a,11;a B p {~) 
KJiacca ,IJ;Harpaw, y KOTOplilX noJIHOCTbD H8 O,ll;BTa O,ll;Ha H3 KBapKOBlilX "Hor". 

IIOJIYll8Hlil !l>OJ;MY Jlli C Bll3il p C \J 
V<x,i.j)= ! t B(Y>X) g P(§), 

r,11;e t = 1 + x- X, ~- g • B pa3,11;0J1e 2 pi.ccMorpeHH ododuteHHO-

r peyroJI&HlilB ,IJ;HarpaMMH, r.e. ,IJ;HarpaMMH, noJiyllaDutHecH H3 o,11;Honerneaoa 

ycJIOEHeHH8M,,~do TOJlbKO rJIDOHHOA nepeMH'IKH, JIHdO O,ll;HOA 113 BHytpeHHHX 

KBapKoBlilX ')IHHliA. nnH ,D;HarpaMM nepaoro Knacca noJiylleHa HHTBrpaJI&HaH 

~j!~~.f.Lt_;__ 4 
x 3HaK ® 3,11;ec& H ,aaJiee o3W l!aer 11HrerpaJI&HyD cBeprKy ~ [ J 2] 
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V(x,Y)- tfJC':/>x)J.~ pc2)J~ + Ct(~-x), 
a 1-z 

r.n;e Pc~)= pc2)+ C $((-i) , ,D;Jlll BToporo KJiacca - aJiredpaHl!eCKall 

V<x,~I) = 1 CBC~>><)[! PCx)-+ l P(x}-i PtJ)] 
B pa3.n;enax 3 H 4 MeT0,11; no,apodHO HJIJIDCTpHpyeTCH Ha npi!Mepe paclleTOB 

o,11;HonerneB1i1x H,11;ep: AJ1rapenJ111 - IlapH3H, Epo,11;cKoro - nenaim, 3JieMeHTax 

rpeX'laCTH'IHOrO HAP8, IlpHBe,D;eHlil OCHOBH!ile (pOJ;l&YJIH ,ll;ByxneTJieBoro ilHTer

pHpOBaHHH, H cno Jlb 3Y8Mhle .D:JIH Bli 1ll'ICJieHilH V
2 

C nOMOUlbll nporpaMMH aHa

JlHTl'lll eCKHX Blilli!CJleHHA SCHOONSCHIP. IlpHBO,ll;HTCll TaKllCe no,11;11arpaMMHOe 

npe,11;craBJieHHe OKOH'laTeJibHOrO pe3yJihTaTa. 

TaK KaK npoMexyTO'IHHe H OKOH'laTeJihHHe BHpalleHi!H BeCbMa rpOM03,ll;

Kil, dOJihlllOe 3Hal!eHHe np11odpetaDT MeT0,11;1,1 npoBepKi! pe 3YJihTaTOB. Pa3,neJI 

5 noCBl!uteH Ci!CTeMe TaKi!X npoBepoK: CIIMMeTPilll HAP8 np11 orpaxeHilil ap

ryMeHTOB Ha BCex 3Tanax cqera; CBOllCTBO "+" !l>opMH, CJ!e,IJ;Yllutee 113 Ka

Jli!dpOBO'IHOll HHBapHaHTHOCT a; pe,11;yKUlfH 113 V B P If T .,11;. B pa3,11;ene 

6 KpaTKO aHaJill31fpyeTCll CTpyKrypa ¼ , BlilHBJIHDTCH 3JleMeHTH, Hapy111a1J

Ulile CHMMeTpHRHlile CBOllCTBa 0,ll;HOneTJieBoro HAPa, ycTaHOBJ18Hlil lfCTO'IHHKil 

noHBJieHHH p -qiyHKUIIH B V
1 

. 

~..£J{!!!f_~ CilCT8MaTillleCKII i!CCJ18~8TCH crpyKTypa H,ll;pa 3BOJIDUHII 

If CTpOi!TCH pe111eH11e ypaBHeHHH 3BOJlllUilil (Y3). 

B pa3,11;8JlaX I-3 aHaJii13i!pyeTcl! CTfKTypa ,D;ByX!leTJieBoro H3 B paMKaX 

npocroA MO,ll;eJ111 - CKaJillpHoll TeOpi!II !J> (6) , IIMeDuteR pll.n; Oduti!X CBOACTB 

C KXJl. TaK, B O,D;Hon eT JieBOM npi!dJii!lleHilll pemeH11e ypaBHe Hlfll 3BOJIDU11il B 

reop1111 ~:,, raK xe, KaJ II B K.X:U , nponopu110HaJihHO noJ111HoMB.M rereH

dayspa ilH,ll;eKca 1- c:2('2.X-1). UeJih i!CCJie,ll;OBaHilll - 113 no.n;Harpa~

MHOro aHaJIH3a ycTaHOBIITh ilCTO'IHi!Kil pa3Jlil'IHl,IX CTPYKTYP B H3, Bl,ll!BIITh 

pOJih :3~eKT OB peHop1rnpoBK11 Ha ,D;ByxnerJieBOM YPOBHe, Hahil COOTB eTCTBi!B 

Mex.n;y TaKHMH CTpyKTypaMII ii CBOllCTBaMII pe111eHIIH Y3: 

G.
2
} 

1
~Cx,Q2

) = {vcx,':J) p (Y,Q
1)dj. 

AQ; 0 
BHB0,11;1,1! 

a) IIepBH opMIIPOBKa odpa THOfO MeJIJli!H OB CKoro odpa3a COCTa BHoro 

onepatopa npi!BO,ll;HT TOJlhKO K TaKi!M CTPYKTypaM B H3, KOTOplile reHepHpyDT 

C,ll;Bilr ilH,11;8KCa B O,ll;HOn8TJieBOl4 pemeHllil Ha BeJlil'IHHY aHOMaJlhHOR pa3M8PHOC
'1,4) 

Ti! COCTaBHoro onepar opa "-s k l4) 1 x'o 
~ h \4.L X H-.s h 

xx c 2 c~x-◄)- C s h,(2x-1)(xx) 
ti. n 

"pe.n;yr~HpoBaHHal! KOH!l>OpMHall CilMMeTpi!H ••• ". 

d) Ile_peH opMV.pOBKa KOHCTaHTl,I CBH3H J..s Be.n;eT K noHBJleHllll B ,H3 

1.lJleHoB, npOITOp!.llfOHaJihHhlX p -qiyHKUHil, pa3py111aDuti!X pemeHlfe 
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¾•.is vlO c" •n (2x-O , CBR3aHHOe c KOHq>OplrnoR CHl048TpHeR. TeM He 

MeHee, npocTOTa CTPYKTYPY H3 B CKanapHOM cnyqae no3BOnHeT nonyqHTb 

pemeHHe ypaBHeHHH 3B OillJUHH nonHOCTblJ aHanHTHqecKH (pa3,Jteny 4-5). 
B pa3,11ene 6 npOB OAHTCH no,110ClHYR aHanH3 CTPYKTYPY KU-n,11pa, 

HMe1J111ero BHA: 

V - .Ls\/ 
- /fl" Vo+ (J..~~{ . . 2. } + 2 - GD + . + H + ~ U 4:JI'. \{+ \{+ ~Yo+ "'" F + , 

H~ 

\J; = t0(Y>,c)2C,.-f (~+!l~X);\{-Jl\t9(Y>x)2.C~~) (-1+'J~x). 
\1-o 

IlepBYe ,IIBa cnaraeMYx B q>HrypHYX CKO<lKaX COOTBeTCTBYIJT HCToqHHKaM 

a) H Cl) H HMe1>T npHMYe aeanon B cKannpHoM cnyqae; qiyHKUHH H cx.~I) 
yy'M(X,~f) = XX 1-1 (':/, )() H He MeHHeT ceoRcTB pemeHHH a), Cl). Ho-

BYM 3IleMII! TiM CTPYKTYPY, He HMel>UlHM aHanora B CKanapHOM cnyqae, 

RBnReTCR CF u+ , rpoM03,JiKOCTb KOTOporo He no3B0IlHeT nonyqHTb aHa-

IlHTffq8CKOe peweHHe 

LI • 4t8(!/>x){(r-r)[Lt2 (X)-+ Li2 Cg)+"'1.i~~+ ~)fti(~-j~ -

-f Ftn(!) + {tn(i) + / &i(f)&ii + Li2 <Yl/ + LiaO<>l J, 
- - x(~ " ) - - -><••-><,Y=•-Y, F=y 1+-;::i" ,F'=F(X,Y),Li2-S"""°~M. 

"B pa3,11ene 7 Y3 B KU pemaeTCH nonyqHcneHHYM cnoco<loM ARR Cla3HCa 

nonHHOMOB rereHClayapa
2 

Q ~ J. le ~ -
tcx) - up{-( r (J..H))4!} xx( ell 2(x-x>+ 4~ t J.,. ct( (,c-x)) 

/I ) h t :Jr IC>h. le. 

- rt\. - H3BeCTHYe laroHailbHYe 3IleMeHTbl H3, K034xl>HUH8HTbl d .... nony

qa1>TCII qHcneHHYM IIHTerpHpOBaH HeM H <iii CT po y<lYBallT C k ' no3TOMY 

,-ocTaToqHo yqecTb IlHWb H8CKOilbKO nepBYX qneffOB pl!,lla , 

Lrl!!!!!.~~ Ha OCHOBaHHH 118.l,JteHHOro pemeHHII ypaBH8HHH 3B0Ill>UHH 

q11cneHHO aHanH3HPfl>TCII CBORCTBa lBYXneTneeoR 3B0Ill>UHH BJIT B Cla3Hce 

nOnHHOMOB receHClayapa (nr). YCT6HOM8HO, qTo BKJUU B 3B0Ill>UHI> OT 

H8,llHaroHanbHOI (B Cla3Hce nr) qaCTH HApa 3B0Ill>UHH noqTH BCIJ,IIY B HeCKOilb

ltO pa3 Metlbme BK.Ila~ OT ,aHaroHMbHOI qacTH. BKna,Jt 3B0IllJUHOHHYX nonpa

BOK 3aM8THO B03pacTa8T C t'l - HOMepoM nonHHOMa rereHClayapa. Pe3ynbTa

TY aHanH3a nppBepllllTCII npllMYM qHcneHHYM HHTerpHpoBaHHeM ypaaHeHHII 
3B0 Ill>UHH, ., • ~ 

B J:E.3,Jtene 2 11ccne,lly1JTc11 nonHYe J.
5 

-nonpaBKH K qiopMq>aKTopy '1 l 
-6 

1,,U.• 

'l/ 

;Iii: 

\I'' 

f 

/ra' 

npouecca i·i*- '.JJ"
0

• BYqHcnneTCII K03qiq>HUHeHTHaH qiyHKUHH B nopH,JtKe J.~, 
qHcneHHO onpe,11enaeTcH BKna.Jt J..5 -nonpaaoK 3a cqeT aaon1JUHH MIT. JinR 
qiopYIJaKTOpa Fu n OCTpOeHY rpaq>HKH' YCTaHOB neHO' qro J.s -non paBKH 

MOryT ClYTh 3HaqHTenbHYMH, KOr,Jta OAHH H3 CTanKHBa1JD1HXCR q>OTOHOB ClnH30K 

K peanbHOMy, a BJIT 0Clora111eHa ITr c HCMepaMH h = 4,6,8 •••• 
B pa3,llene 3 aHanonrqHYM o<lpa30M Hccne,11Y1JTCH nonHYe J.s -nonpaa-

KH K 3neKTpOMarHHTHOMY qiopl4aKTopy nHoHa ~, YCTaHOBneHo, qTo BKna,Jt 

OT 3BOIlllUHH MIT npeHe<lpeXHMO Man no CpaBHeHHIJ C BKna,IIOM OT K034xl>H

UHeHTHOI q>yHKUHH, 

L~--2- nocaa111etta nocTpoeHHIJ aonttoaoR IPYHKUHH nHoHa MeTO.JiOM 

Kx.n npaa11n cyMM, 

B pa3,Jtene l aHaRH3HpyeTCII orpaHHqeHHOCTb CTaporo no,11xo,11a K ITC 

,llilll M<MeHTOB BOilHOBYX q>yHKUHi H npe,JtnaralJTCH ITC Henocpe,llCTBeHHO ,11/IH 

BJ nyTeM BBe,lleHH/1 HenoKanbHYX KOH,lleHCaT OB: < \ (0) q,(2) ') = 'Ho ('Z2) 
H T .n, MoMeHTY B<I> ~ (X) OKa3YBalJTC II BeCbMa qyBCT BHT enbHYMH K 

(l>opMe KOOP.JIHHaTHoR afa11cHOCTH ML (~2
), a caMa (l>yHKUHH ~,r (.>() 

ttenocpe,llCTB8HHO CBll3aHHOR C KoppeilHUHOHHYMH q>yHKUHHMH f, l'O , naJ;E,-

MeTpH3YDIIIHMH HenoKanbHHe BC: ~ 

i- 'I!' 
MOC22 ) = <{co) 'l,(~)) =li'l"> .f '4 £c·o,N 

0 

(npoee,ll8H BHKOB noaopOT H ·i· ,&. 0 ) . ITpH 3TOM Ji (V) xapaKTepH3yeT pac

npe,lleneHHe "BaKyyMHYX KBapKOB" no BHpT1anbHOCTH. ITpe,11en IlOKailbHYX 

BC COOTBeTCTByeT {tfl~ ;{") (HnH {(V) ), T.e. npeHeClpexeHHI> BHp-

TyanbHOCThE BaKyyMHYX KBapKOB. /' 

B pa3Aene 2 BHqHcn11eTCH BKila,ll OT HenoKailbHYX KBapKOBblX BC: ClH

noKanbHYX / c{ (0) ci,c:1r~, { iiCO)k,, '!~) > : TPHilOKanbHYX < i<o) t" ~ (~) 'I.Cl)) 
< {<o>r_rs A,-t~><t<1)),H !pOJMYilHPYllTCR nc MR t (X). /' 

B pa3Aene 3 MeTO,ll rnaBY l pacnpocTpaHl!eTCII Ha BblqHcneHHe pa,llHa

UHOHHYX nonpaBOK K ITC Kx.n. ITpH 3TOM pesynbTaTOM pacqeTOB IIBn.ReTCII 

Clonee 0Cl111aR o<l'beKT - KoppenHTOp 2) (X, ':J) , a J;E.,llHaUHOHHYe nonpaBKH 

nonyqalJTCII KaK 

f 

p'(a.J<x>=-i '1l(1',':Jl"Y - xi{-t+ ~ f(s-f· .. tl('Yr))J. 

.llnll oClpaClOTKH ycTaHoBneHHYX ITC HeO<lXOAHMO 3HaTb HBHYR BHA t (V) , B 

OTCJ'l'CTBB:8 TeopHH KXl-aaKyyMa ,Jiilll t,(~) HCnOilb3yeTCII aH3a~u: 

( '2. JI '1 
1lt~)~b(V-Q.il) HRH 0(~-0.~)). 

ITpH 3TOM yqH'l1,IBaeTCH OCHOBHOII (i>H3HqecKHR 3qiq>eKT - 3HaqHT8IlbHaH (no 

cpaBHeHHI) C xapaKrepHYM a,llpOHHYM wacwTaCl OM) aenHqHHa C pe AH eR 
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2. - 1 /. 2 s1,1pTyaJ1bHOCT1,1 l = ~1,b Cl'> d[C\,'> = 0,4 r:iB saKyyMHblX KBapKos. 

CTaH.llapTHa!I o6pa6oTKa TIC c y4eToM TaKoro aHsarua 1,1 'J'to..d np1,1so,J11,1T 

K B<PTI s1,1.lla lD (X) = ! V')((Ji-X) . 
JlT ,r 

lJ._Q!!!fl!!B~lillli cipop.4y1rnposaHbl OCHOBHJ:ie pe3yJibTaTbl, Il OJIY48HHJ:ie B 

.ll1,1cce pTau1,11,1. 

B rrp.wroxemw 1 ,llaHa Ta6n1,1ua .llBYXIleTJ18BblX l,IHTerpanoB, l,ICilOJlb3yeMblX 

np1,1 B1:i41,1CJl8Hl,11,1 p!l,ll;a .Jll,larpaMM C IlOMOl~bl) nporpalOl.bl aHaJ11,1Tl,148CKKX Bbl4KCJle

HKlt Ha 3BM. B rrp.wro~eHHH 2 np1,1Be,ll8Hbl OCHOBHl:ie :JTanbl paC48TOB KBapKo

BblX BC pa3M8pHOCTl1 8, 

QC HOB Hble Qg3YJibTal!!!.._IlOIJ.Y.48H Hble B_.gl,lyCeptal!!1!1! 

1. Pa3B1,1T M8TO.JI, Il03BOJIJll)llll,I~ :i/pq>eKTl,IBHO npOBO,ll;l,ITb Bbl41,1CJ18HHJI 

!l,ll;ep :JBOJIIlUHK 1,1 KoppeJI!ITOPOB TOKOB ,ll}IJI TIC B ipeMHMaHOBCKO~ Kan1,16pOBKe. 

2. 3THM M8T0,llOM B ,ll;ByxneTJieBOM npK6JllfJ:8HHH Bbl41,1CJl0HO !1,llpo 

:,sonDu1,1..iV(x,~J) .JIJI!I Hec1,1HrJ1eTHoa sonHosoa ipyHKI.\WH nHoHa, TaKxe 

socnpoK3Be,ll;eHo il.llPO una AnTapeJIJI1,1 - Tiap>13K P(i). YcraHOBJieHbl pe,ll;yK

UHOHHbla ipopMYJibl nepexo,lla OT V K p , a ,JIJI!I HeKorop1,1x KJiaccos .llHar paw 

qiopwyJibl CB!l3H P c V , no3B OJJ!llllllHe no JIHOCT bil Bblpa 3HTb V 4epes 

p . 
3. B ,llByxner Jl8BOM np1,16JI!'llK8HHH Bbl4HCJi8HO !1.,llpO 3B0JlilUHH B CKaJI!lpHOI! 

MO,ll;8JIH 91~,) 1,1 C IlOMOlllbil no.J11,1arpaMMHoro aHfiJIH3a HCCJl0.,llOBaHa ero CTpyK

rypa. TIOJIY48HO aHaJIHTH48CKoe pemeHHe ypaBH0HHJI 3B0JlilUHH ,ll;JIJI 11,llep no

,ll;06Horo T1,1na. 

4. MsyqeHa cTpyKTypa 11.llPli 3BOJIDUHH V B KX.U, yeTaHOBJieHo ee 

CYlll8CTBeHHOe OTJIH4He OT CKan11pHoro CJIY4all. TIOJIY4HCJICHHblM M8T0,ll;0M 

nony4eHa 3BOJIDUHII B<PIT, aHaJI1,131,1pyDTCR ee csoltcTsa. PesynbTaTbl. anan1,1sa 

np_DB8,ll8Hbl np!!MblM 4HCJ18HHblM HHTerp1,1poBaHH8M ypaBH8Hl,ll! 3B0JlilUHH, 

. 5. Bb14HCJI8Hbl n OJIHble J.. s -nonpaBKH K npoueccaM. tr- :JrO 
4 . 

H k :ir - JI' • YcTaH osneHo, 4T o BKna,n; B n onHyil nonpaBKY OT 3B oJIDUHH 

M?TI MO:leT 61i1Tb 3Ha4HTeJieH B nepBOM npouecce (Kor,lla O,llHH 1,13 qlOTOHOB 

6JIH30K K peaJibHOMy) H !IBM8TCII B8CbMa H03l!a 11HT0JibllblM BO BTOpOM npo

uecce). 

6. Cqiop,iym1p OBaHbl ITC ,ll;JIII M?IT ~ (X) , MO.llHipHi1,1posaHHble yqerow 

HeHyneool! BHpTyaJibHOCTK BaKyyMHblX KB[pKOB 12.= ,fl> lf..)/4ici:> =0,4 r:iB2 

H pa,llKaUHOHHblMH nonpaBKaM.H, Bb14HCJ10Hbl H806XO,lll,11,1.1,18 ,l(JIII Ta~oro yqeTa 

KBapKOHb18 KOH.l(8HCaTbl pa3!48pHOCTH 8 H KoppeJIIITOp TOKOB B nop!!,D;K0 ,J...s • 

H3 o6pa6oTKH ITC nonyqeH Hosi.a BH.ll MIT f:1(X)=JVxU-X). 
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