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1. BBEAEHHE 

COBpeMeHHoe COCTOAH~e np06~eM~ KBapKOHHA IC9A3aHHoH CHCTeM~ 
TA*e~~x KBapKa H aHTHKBapKal MO*HO oxapaKTepH30BaTb CTpeMneHHeM 
60~ee r~y60Ko nOHATb cn~HOB~e H pe~ATH9HcTcKHe 3¢¢)eKT~. noc~e­
AOBaTe~bHoe BBeAeHHe 3aB~CA~ero OT cnMHa nOTeH4~ana y*e Tpe6yeT 
paccMoTpeH~A KaKorO-H~6YAb BapHaHTa penRT~B~CTCKoro onHcaH~R. 
CY\IlecTByeT, oAHaKO,OnpeAeneHH~H npOI'ISBOn, CBAsaHHblH C B~60pOM 
BsaHMoAeHcTBHR Ha 60nbw~x paCCTOAH~AX. T04Hee, cnHHOB~e CTPYKTY­
p~ saBHCA T OT ~opeH4e9cKHx CBO~CTB san~pa~ero nOTeH4l'1ana. EC~H 

Ha Man~x paCCTORHHAX OCHOBOnOllara~HM Ha4allOM AIlA Bcex RBIlAeTCA 
KBaHTOBaA xpoMOAHHaMHKa IKXA~ H, cneAoBaTellbHo, npoH3BoAA~H~ no­
TeH4H~ BOSHHK8eT KaK 06MeH BeKTopH~M rll~HOM, TO Ha 601lbW~X 
paCCTOAHHAX S OTCYTCTBHe PYKOBOAR~eH TeOpHH HY*HO HCXOAHTb H3 
ca~x O~HX npHH4HnOB CHMMeTpI'IH. 3TO 03Ha4aeT, 4TO 3anHpa~HH 
nOTeH4Ha~ B npI'IH4Hne MO*eT 06pa30B8TbCA 1'13 HHBapHaHTH~X KoMfiHHa­
4HH Bcex B03MO*H~X 6HllHHeHH~X CnHHOpH~X ¢oPM - CK81lAPHOH, BeK­
TOPHOH H LA. 

B paMKaX ypaBHeHHA AHpaKa CY\IleCTBYOT HCCIleAOBaHHA /11 IHeKO~ 
TOp~e H3 HHX npoBeAeH~ HaMHoro paHbWe B03HHKHoaeHHA np06neMbi He­
BbmeTaHHA KBapKOa/, KOTOpble yK8sblBaOT, 4TO eC/IH IlHHeHHblH nOTeH­
4Han AB~ReTCR 4-aeKTOpOM, B ypasHeHHH HeT CBRsaHHblX COCTOAH~H. 
ICM. TaKllle pa60TY 121 I. B np06neMe KaapKOI~HA 4aCTO Hcnonb3yercA 
pellRTHBHCTCKHH Ic T04HOCTb~ (v/e)e I r8MHIlbTOHHaH 6peHTa, AB­
~R~HHCR peAyK4HeH C RApa 6eTe-COllnHTepa npH 0AHHaKOBbiX apeMe­
Hax . B OAHOM nonynRpHoM nOAXOAe, Ha4aTOM C pa60T /S1 H P8SBHTOM 
MHorHMH aBTopaMH /4/ 

, RAPO 6eTe-ConnHTepa Hac~aeTCR BeKTopHblM 
41leHOM,Bbl3BaHHblM OAHornOOHHblM ofiMeHOM 1'1 OTBeTCTaeHHblM sa Mallble 
paCCTOAHHR, a aK1laA 60nbWHX pacCTORH~H pacnpeAeneH IBaeAeHHeM 
Hoaoro nap8MeTpai Me*AY ABYMA APyrHMH 41leHaMH - seKTopH~M 1'1 CKa­
nRpHblM no OTHoweHH~ K HX 1l0peH4eBCKHM CBoHCTBaM. Aanee npHSneKa­
~TCA caeAeHHR HS APyrHx oOnaCTei1 HanpHMep, Bbl4HcneHHR . a caMOM 
HHSKOM nopRAKe B CTPYHHblX H peweT04HblX MOAenAx /51 He AaOT cnHH­
cnHHOB~X nonpaBoK K nOTeHUHallY Ha 60~bWHX paCCTORHHAX. B corna­
CHH C 3THM B paGoTe / 61 6~no npeAOOllleHO C4HTaTb 38nHpa~Hi1 nOTeH­
4Hall ClleACTBHeM 1l~60 CK81lApHOrO 06MeHa, 111'160 06MeHa HYlleeoH KOM­
nOHeHTOH ~-BeKTopa. A 4TO KacaeTCA c06cTBeHHo peIlATHBHCTCK~X no­
npasoK, eCTb OCHOBaH~R c4~TaTb, 4TO OH~ Hrpa~T c~ecrBeHHy~ ponb 
B nOAaBneHHH 3neKTpH4eCK~X A~nOllbH~X 
K HepellRTHBHCTCKHM o~eHKaM, a TaKme­
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Apyro~ anbTepHaT~BH~~ penATHB~CTCKHH nOAxoA - nOAxoA KBa3~­
nOTeH~HanbH~X ypaBHeHHH, Ha4anO KOTOpOrO nOnO~eHO B pa60Tel7/ • 
HaXOAHT Bce 60nee W~pOKOe npHMeHeH~e/B / . OCHOBHa R ~AeA B TaKOM 
nOAxoAe COC TOHT B TOM, 4T06~ HanHCaTb nHHeH HOe ypaBHeHHe AnA aM­
nnHTYAbl paCCeAHI1A T~na HepemlTHBI1CTCKOrO ypaBl-l eHI1A nHnMaHa-mBI1H ­
r e pa. AnA 3 Toro H~HO 3KcTpanon~poBaTb aMnnHTYAY pacceRHHR BHe 
Mac~oBo~ nOBcpxHOCTH . TaKaR 3KcTpanonA~HA HeoAHo3Ha4Ha. Ee B~­
Gop, a TaK*e onpeAe neHHe ycnoB~H Ha ~YHK~I1~ rpH Ha np~BOAHr 
K pa3nH4H~M He3KBHBaneHTH~M ypaBHeH~AM. 

B HaCTOA~eM HccneAoBaHHH ~ ~cnonb3yeM KBasHnoTeHUHanbHoe 
ypaBHeHHe, npeAno~eHHOe B pa60Tax / 9 / • MH H~ManbH~H Heo6xoAH~H 
o6DeM HH~opMaU~H 06 3TOM nOAxoAe, a TaK*e nOCTa HOBKa 3aAa4H AnA 
aHanH3a KBapK-aHTHKBapKOB~X CHCTeM Hsno*eH~ BO BTOPOH 4aCTH. 
B TpeTbeH 4aCTH nonY4eH~ OCHOBH~e pesynbTaT~ pa60T~. KOTop~e 
COCTOAT B YT04HeH~H H H3MeHeHHH KBa3HnOTeHI\HanbHoro ypaBHeHHA, 
Hano*eHH~e: a/ cneUH~HKOH KBapKOH~A; 5/ CTPYKTYPO~ y paBHeHHR np~ 
HallH4HH san~pa~ero nOTeHI~Hana; B/ nOCT<lHOBKOH saAa4H . B 3aKJ1~­
4eHI-1e clleAyeT 05cYlKAeHHe nonY4eHHblX pe3ynbTaTOB. 

2. KBA3~nOTEH~HAnbH~~ nOAXoA H nOCTAHOBKA 3AAA4H 

KBa3101nOTeHUIo1anbHoe ypaBHeHHe AnA Io1IiBapHaliTHOH aMnnHTYAbi pac­
ceAHHA ABYX 4aCTH~ T, sanlo1caHHoe B CHCTeMe lIeliTpa HHeP4HH IC~HI 
B S-KaHane, Io1MeeT cneAy~Io1H 06~HH BHA: 

iT ( P.Q)+V (o.Q)+fV (o.k)G (k)T (k.Q)_k_ = O. /1/ 
VI _ _ w _ - . VI - - VI - W - - (21Tf 

rAe 0, q - TpeXMepH~e OTHOCIo1TenbHble Io1MnynbcbI, a w ~ Va RBllA­
/ 9/eTcA-nonHoH 3Hepr~eH B C~H. CneAYA , paCCMOTpHM MHHHManbHblH 

cHMMeTpI'l4H~H BblXOA 3 a MaCCOQYIO 06on04KY, P~ - P~= q:-~; m~ - mi. 
a ycnoB~A Ha ~Y11K41'11O rpHHa G IABYX4aCT~4HaA ynpyraA YHH Tap­w 
liOCTb AllA cnlo1HopH~X 4aCT~U 1'1 nlo1HeHI-faA 3aBHC~MOCTb 06pantoH c&lYHK­

k24111'1 OT I onpe AenAeT ee B CJ1eAy~eM B~Ae: 
~ ~ 

1 ,(k1 + m)(~ + m)
G '" -- • - :::"'-- "-':;'--- /2/ 

VI 2w 11:2 _ b2 (w2 ) _ iO 

rAe 
A 

k = Y' kl • k = (w/2. k) • k = (w/2 • - II:) • 
I I ~ 1 - 2 ­

b2 ~ ..L(w2 _ 4m2 ). 
4 

2 

13AeCb H Aanee paccMaTp~BalOTcA oA"'HaKoB~e MaCCbI m = m = m, I. 
t 2

nOTpe 5yeM, 4T06b1 ypaBHeHHe 111 YAOBlleTBopAnOCb TO*AeCTBeHHO ne­
peHopMHpOBaHH~M P~AOM TeopHH B03M~eHH~ An~ aMnnHTYA~ T ' w 
KorAa BHCW HI-IC ~"1nyn bcbI ne*aT H8 MaccoBo~ nOBepXHOCTH. BMecTe 

C 3THM, npeAnono~e HHe, ~TO TaKOH *e P~A HMeeTC~ An~ KB8SHnOTeH ­

~HaJ1a Vw IBo npoc CXOAHMOCTH 3THX PRAOB 3AeCb He ~ccneAyeTcA/. 

a Ow He 3aBHC~T OT KOHCTaHTU CBA3H, npHBOAHT /Ha MaCCOBOH no­

eepXHOCTH/K cneAYlQijeH peKyppeHTHOH C~CTeHe : 


V ",-T v .. - Tw. ~ T Gili' Tw •• •• /31WI W w 2 wI 1t 2 

Aanee , ~ cnonb3YA Bblpa*eH~e AnA BonHoaOH ¢YHKII HH 3aA84H pa c­
ceAHH~, 

3
\II ( D ) ~ (2,,) 8 ( p q ) I 0 ( D ) T ( P • Q) • Wq _ _ _ Wq _ Wq _ _ /4/ 

2 1? I '2
rAe ~ 2 ( In + Q), ~ ABHblH BI1A ~YHK~HH rpHH8 121, An~WQ 
np0lo13BonbHblX w MOIKHO Hanlo1C8T b OAHopOAHoe ypaBHeH~e AnA q, w TH­
na ypa BHeHHA WpeAHHrepa, HO C pellATHBHCTCKOH KHHeMaTHKOH , 

S 
(02 - bi! ) q, ( p) + _L f V ( P . Q ) q, ( Q) -d q- ~ 0 • 151 

,, - 2'1; . -- ,.- JI
(2· ) 

OK83b1Bae TCA YA06HblM 38nHC8Tb ypaBHeHHe 15/ B ¢opMe, B KOTO­
POH CKallApHblH nOT eH~H an V. saMeHeH HeKoTopo H KBaApaTH4HoH 
c&lYHK4~eH OT a c&l¢e KTHBHoro 1i-BeKTopHoro nOTeH4Hana V I 

[(0 - V )(rf - VU) - me ~ S.T.] q, _ 0 • 
~ 

/61 
~ ~ ". 

r Ae m - m 2 
/w '1Bn~ eTC~ pemlTHBH CTCKOH n pHe eAeH Ho l1 ..4aC COH 3~­

2~eKTH8Ho~ 4ac n ll-lt.. C 3Hepnte~ 0 • E _ we - 2m ( E2 .. tP + me ) . 
o 2w W 

a 4epe3 S.T. 0603H84eHbI ace c nHHOBbie CTPYHTypbI. 4T06~ o npeAe­
nH Tb AApa H'iTCrpan bHW) o nepaTopoa, Ae Hc TBylOlltHX Ha q,,, 8 ypaBHe­
HHH 16/. n pHpaOHHB8CM nHHeHHwe ~eHbI B 161 60P HO BCKOMY np~6nH­
lICet1HIO V. InonY4eHHoMY 1013 1311. YMHo* eHHOMY Ha 1 /2w. nocne BIII­
AeJ1eHHA Cnl1HOBbiX 4neHOB OCTaeTCA e u\e KanH6poBo~H"'H npO~38011. 
KOTOPblH n03BCJllReT OTOIllACCTBI1Tb Vo C KynOI-iOBCKH M nOTeHltHalloM 
c&lHKCHPOB8Tb TpexHepHblH noTeH~.1an V. Yp8 a HeHHe /6/ ABnAeTCA Go­
nee T0 4HblM ypaBHeHHCM no cpaBHPHH~ C 15/ : HanpHMep, a 3neKTpo­
MarHH THbiX 83aHMOAeHcTBHRX !lami4He B HeM 4neHa a2 /rP Aile T npa-
B~nb HylO 3aal1CI1MOCTb or I InonHo r o MOMeHTal 3HepreT~4eCKoro 
cneKTpa C T04HOCTbIO AO g4 11013 cpaliHeHHA C ypaBHeHHeM Al-1pal(a 
AnA cnHHopHoH 4aCT~4~ 90 BHewHeH none/. 

OCHoBbiBaRcb.rnaBHblM oGpa30M,Ha ypasHeHHH /6/, ~ HCCCneAYeM 
KBapK-aHTHKBapKos~e C~CTe~~. B 4eH o c06eHHOCTb HaweH nOCTaHoeK~ 
3aAa4H 1 06b14Hb1l1 nOAxoA B nHTepaType 3a Kll104a eTCA B TOM, 4T06b1 
onpeAen~ Tb napaM~Tp~ MOAen~ H3 C8Mb1X HaAe~H~X 3Kc ne pHMe HTanb HblX 

3 



AaHH~X ICToflbKo *e, CKOnbKO ~MeeTCA napaMeTpoB/, a nOTOM B~4~C­
n~Tb APy r He Ha6n~AaeM~e ~ cpaBH~Tb TeopeTH4eCK~e n peACKa3aHHR 
C 3Kcne pHMeHTOM . B Ta KOM nOAxoAe OAHaKO HeT KpHTepHR AnR aAe­
KBaTHOCT~ OAHO~ ~nH APy r oH MOAen~ no OTHoweHH~ K nonHOMY Ha60PY 
3KcnepHMeHTanbH~X AatiH blX. nO,q06H~H a HaJlH3 HaMleT 06ecne4HTb 
TonbKO CTpo ro c~opMynHpoBaHHaR 06paTHaA aaAa4a AnR HaXO*AeHHR 
napaMeTpOB MOAenH H3 non Ho r o Ha60pa AaHH~x . 0 npeAnono*eH~H Ha­
Jl~4~A HeRBHo~ ~YHKI.\HH 3HeprHH W= W Co ..... 0 ) aT napaMeTpOB MOAe ­

1 n 
n~ 	pa3pa60T aH~ 4HcneHH~e MeTOAbi ~ C03AaHO nporpaMMHoe 06ecne4eHHe 

f10 lICMOTpH pafiOTy H Bce cc~nKH B HeHI AnA peweHHR 06paTHOH 3a­
Aa4~. TaKaA saAa4a He TonbKo onTHMH3HpyeT napaMeTp~ no OTHoweHH~ 
K AaHHoi1 MOAefiH. HO "1 n03BonAeT cpaBHHTb pa3H~e MOAetlH HCXO,qR 1-13 
TaK H33b1BaeMOro CT3THcnl~eCKoro KpHTepHA, y2 = II V(w - w)II~/(s - n+l ) . 
rAe V - HaTpH l.\ a Beca, W - H3MepeHH~e 3HeprHH, S - 4Hcno 

-	 -Q
~HeprHH, a n - 4Hcno napaMeTpoB. 4eM y~ 6nHMle K eAHHHl.\e, TeM 
YAoBneTBopHTenbHee MOAen b cornacyeTcA C 3KcnepHMeHTanbH~MH AaH­

/111HblM~. B pa60Te peweHa 06paTHaA 3aAa4a B 6eccnHHoBoM np~6nH­
MleH~~ ypaBHeHHA 151, a AnA c paBHeHHA - "1 B HepenATHBHCTCKOH Ha­
AenH, npH4eM B 060HX cnY43Rx npH 0AHHaKOBbiX npeAn01l0MleHHRX AnA 
nOTeHl.\l-1ana. 

3. 	 KBA3HnOTEHUHAnbHOE YPABHEHHE 

B O DPATHO~ 3AAA4E An~ KBAPKOHH~ 


1 . npeMlAe Bcero B ypaBHeHH e 151 "111"1, COOTBeTC TBeHHO, 161 
HYMIHO BHeCTH YT0 4HeHHe, CBA3aHHoe co CneI.\H~HKOH KBapKOHHR.n pHHH­
HaeM, 4TO KBapK ~ aH THKBapK n pe06pajY~TCA no ~YHAaMeHTaJlbHOMY, 
COOTBeTCTBeHHO KOH TprpaAHeHTHOMY npeACTaBneHH~ I.\BeTHOH rpynnbl 
3Uc (3) • KOTopaA RBnAeTCA nOKanbHoi1 KaJlH6pOB04HOH rpynnoH CHM-
MeTpH~ narpaHMlHaHa KX~. n peAnon araeM, 4TO ~H3H4ecKHe Ha4anbH~e 
~ KOHe'lHble COCTOAHHA AOnMlHbI 6bITb 6eCI.\BeTHblMH, T.e. CHHrneTaMH 
no OTHoweHH~ K rpy nn e SU (3) • KaK nepeH TH K ypaBHeH~1O AnA 
SU ~) - HHBap~aHTHOH aM~HTYAbi nepexoAa OT CHHrneTHoro Ha4anbHO­

c 
ro 	~ c~HrneTHoMY KOHe4HoMY COCTOAHHI01 

Cy~ecTByeT ABe SUc~) -HHBapHaHTH~e aMnnH TYA~, oTBe4a~He 
OKTeT-OKTeTHOMY H CHHrneT-CHHrneTHOMY nepeXOAaM. Bblpa3HM cnH H­
TeH30pHYlO aMnnHTYAY 'lepe3 ee npOeKI.\~H Ha opTOrOHatlbHoe CHHrneT­
Hoe ~ OKTe THoe nOAnpOCTpaHCTBa, . 
T a13 ( ) = T(8) ( ) p (8)u13 T( 1) ( ) 1( 1)cJ13 = 

wpa ~.~ w ~.~ ()a + W ~.~ pa I 

rAe c001BeTcTBY~He npOeKI..IHOHHble onepaTop~ P(8) H P(1) 3anl-lCa­
H~ B RBHOM BHAe, a rpe4e~Kl-le 6YKBbI o3Ha4a~T SUc~) -~HAeKC~. 

npeAnonaraA TaKHe Mle SUe(3) -CBoi1cTBa AnA nOTeHI.\Hana 1-1 ~YHKI.\I-IH 
rpHHa, I-Icnonb3YR CBOHCTBa npOeKI.\HOHHblX onepaTopOB, pac~ennAeM 
ypaBHeHI-IA /1/ Ha ABa He3aBI-1CI1MblX ypaBHeHI-IR - AnA T(8) 11 T(l) • 

w w
~aJlee 3TH I1HAeKC~ onYCKaeM, nOTOMY 4TO Be3Ae 6YAeM pa60TaTb 
C CHHrneTHblM~ 4aCTAMH KaK AnR aMnnI1TYA~ ~ nOTeHl.\l-Iana, TaK 11 AnA 
BonHOBOH ~YHKI.\~H B ~opMyne /4/ H B ypaBHeHHAX /5/ 11 /6/. 

HHBapl1aHTHaR aMnnHTYAa Tw C8A3aHa C KOBapl1aHTHO~ AHpaKoBcKoi1 
a MnJU1TYAOH Aw ~opMyno~ 

Tw(o.Q) = U( (02)Ui; (Ol)A,..(o.Q)U (~)U (Q,). /8/ 
2 - ~ 1 - '12 11 1 -' 

rAe U ABnAeTCA A~paKoBcKHM CnI1HOpoM. B cTaHAap THOH $ OpMynHpoBKe 
KX~ 60PHoBcKoe n pl16nHMleHI1e cHHrneTHoH 4aCT~ aMnnHTYA~ IBKJlaA 
AaeT TOllbKO AHarpaMMa 
rHnAI.\~OHHaR Al1arpaMMa 
cneAylOIqH~ aHA: 

A = - 1.. •L y(1) y ll(2) 
w1 3 k2 Ii 

oA HornnoHHoro 06MeHa, B TO apeMR KaK aHHH­
AaeT BKJlaA TonbKO B OKTeTHY~ 4acTbi HMeeT 

• 	 /91 

r,qe y(l) H yO?) - ~Ba Ha60pa B3aHMHO KOMMYTHPY~HX MaT pHI.\ ~H­
paKa, a t} = (p 1 - De)' ~1cnonb3YA npeACTaBneHl1e na ynH MaTp~1.\ 
aH paKa H ABHblH BI1A AHpaKOBCKHX cn~HopOB B 3TOM n peACTaaneHHH, 
H3 ~opMyn /91 11 /81 nonY4HM B ABYXKOMnOlieHTHOM $ OpManH3Me Tw 
HnH Vw ,cornaCHO paBeHCTBY /3/, 1 

1 
2a (k2

) Ew 	 k
V 	 ( kg ) 64 11 . 8 - 1611 (k2 ) 1611 (2w=---. +--a +--a - ­l ­w1 	 - 3 2 3 9 - 3 8 W + 2mk 	 (w + 2m)2 

3211i ,as (~2) 	 1c
2 

[1 + w /10/ 
k2 	 (w: 2m)2 ] (~x ~)(:"l + a2l+3 	 w + 2m 

+ __4 (DX~)I (~xQ)j+ 16 IT a (k2 )( 8 ~ O
3 8 - 1J 2 	 2 

10 
2k (w + 2m)2 k 11 .1 

171 ~opMyna /101 3an~caHa B CUH, a!l H ~2 - ABa Ha60pa B3aHMHOCII	 1 1 (I) 8 ~ 
= T ) (D • Q) (8au 6 0 - -8 Sa }+-T (O.Q) ° , KOMMYTI1PY~I1X MaTp111.\ naynl1. 3~eKTI1BHaR KOHCTaHTa CBR311 a (_k2)a

'II 	 -- 01-> 3 pu alJ 3 w - - ou " 8 :~ /4" nonY4eHa KaK peweHHe OAHopOAHoro ypaBHeHI1R peHJpM­
rpynnbl 8 o,qHoneTneSOH npl16nH*eHI1H, a Aanbwe MO,qH~I1I.\HpOBaHa AnR 
60~bW~X paCCTORHHH , KaK B pa60Te /12 ' 

4 
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2 12 rr • 2( k )=--
1 

k ) /11/as 27 in ( 1 + ~ 
A 

A - MaCWTa6H~H napaMeTp. ~opMyna /11/ HHTepnOnHpyeT Man~e 
paCCTORHHR, AaBaR SHaKOMoe norapH$MH4ecKoe y6~BaHHe 3¢$eKTHBHoH 
KOHCTaHT~ ~s-sa nonR pH3a~~~ BaKYYMa B Me~AYKBapKoBoH o6nacT~, 
a T aK~e 60nbWHe paCCTORHHR , npH KOTOp~X nonY4aeTCR nHHeHH~H no­
Te H~Han sa nHpaHHR . 

C nOTeH~HanOM HS B~pa~eHHR /10/ npH HcnonbSOBa HH H a H3 
$opMynbl / 11/ KBaAPHpOBaHHoe KBaSHnOTeH~HanbHoe ypaBHe~He /6/ 
9 KOOPAHHaTHOM npOCTpaHCTBe npHHHMaeT cneAY~HH BHA: 

L~ + b2(w2 ) _ e(r)lch ... ( ~) =O . C(r) = C (r) + C2 (r)+C3 (r) + t\(r) . /12/
1

He sa8HcR~HH OT cnHHa nOTeH~Han ~, cnHH-op6HTanbHoe (C2 ) 
cnHH-cnHHOBoe (C3 ) H TeH30pHoe (v4 ) B3aHMoAeHcTBHR HMelOT cne­
AYIa1\HH B~A: 

2 1 4 &r 2 2 1C = 16rrE (A r - - - + - I ) - (--) (1 - 41 ) - + 
1 27 r r 0 27 0 r2 

/1 3/ 
2 2 2 2 2 

+ 2(~) (1 - 41 )A _( 8 rrA) r2 +8rr A. 3w + 2m (!... .+~I) . 

27 0 27 27w w + 2m r r 2 


Sc = 32rrA W+ m [ _1_ + - 1- _ _ 4_Io_~Ill(~) . / 14/ 
2 27w w + 2m Ar (Ar)S ( Ar)S (Ar) 

C = 4rrAs [ _ 1_ _ _ 1_ +_4_ + _ 4 _ 4 /IS /s 27w lor (Arf (Ar)slo (A.r)2Il+ArI 2 1 ( ~1~2). 

" 4 1T h. 
S 

[1 3 12 12 4 (u t r)(o2 r)
'"'4 - -+-- - --10 ---1 --I 1 - - /16/

27w Ar ( Ar)3 ( Ar)S (Ar)2 1 Ar 2 r2 

r Ae 

00 n - 1 Q A 

nCAr),. ( _0_ - e- r dQ
I /17/ 

in 2 (Q2 _ 1) + 1T2 

6 

2. YpaBHeH~e /12/ HMeeT cy~ecTBeHH~H HeAoCTaTOK. HanH4He 
B 01 4neHa, nponop~HOHanbHoro r2 /BOSHHKa~ero OT KBaApHpOBa ­
HHA n HHeHHorO nOTeH~Hana sanHpaHHR/, nOKaS~BaeT, 4TO C4HTaTb 
BSaHMOAeHCTBHe Ha 60nbWHX paCCTOAHHRX e AHHCTBeHHO cneACTBHeM 
06MeHa BeKTopHOH 4aCTH~eH HenpaBOMepHO. 06CY~AaeM~H 4n eH Mo~eT 
6~Tb CKOMneHCHpOBaH, ecnH B ypaBHeHHe /6/ Ha tionbwHx paCCTORHH­
AX 6YAeT BKnlO4eH e~e nOAxoAA~HH CKanR pH~H nOTeH~Hari /nOA06Ho TO­
MY,KaK SKnlO4aeTCR 4-BeKTOPH~H nOTeH~Han/, 4TO 3KBHBaneHTHO pe­
HOPMHpOBKe MacC~, 

[(p-V) 2 
- ( m,,+SO)

2 
+s. T.l<ll,,=O . /18/ 

Tpe60saHHe KOMneHca ~HH KBaApaTH4Horo 4neHa HaKnaAblBaeT ycnoB~e 

S = lIf • 1111> _
8 

" 
A2 

/19/
o - 27 

Tenepb B cornacHH C 06~eH npo~eAypOH HSBne4eHHR KBaSHnOTeH~Hana 
H3 aMnnHTYA~ pacceAHHA Mbi AenaeM npeAnono~eHHe, 4TO CKanRpHblH 
nOTeH~Han So B ypaBHeHHH /18/ RBnReTCR cneACTBHeM 06MeHa CKa­
nRpH~M KOMnneKCOM /He 6YAeM YT04HRTb 3Toro nOHRTHR/ Ha 60nbWHX 
paCCTOR HHRX. apyr~MH cnOBaM~, K aMnn HTYAe Tw /B~pa~eHHe /8// 
HYlKHO A06aB ..TIt. CKanRpHYIO Til' 

/20/T 8 = Dl" (p 1 ) U ( q1 ) S ( P • Q) al" ( P2) U ( (12 ) • 
_"' I - 11 1 - \0 2 0 112 ­

TorAa B ypaBHe HHH /S/ K nOTeH~Hany A06aB~TcR CKanRpH~H 4neH 
V./2w • KOTOPblH B ABYXKOMnOHeHTHOM $opManH3Me HMeeT cneAY~HH 
BHA: 

V S (P.Il) 2 2 4mi_1I_ a _ [4m + ~(p -Q) - w + 2m (p x Q)( q I + O2 ) 1. /2 1 / 
2w 2w w + 2m ­

2m
OTOlKAeCTBnRA 2m,,50 H! 118/ C -2 -5 HS /21/, $HKcHpyeMw 
5 - - So /nocneAHee onpeAeneHo ¢opMynaMH /19//, 4TO B HMnynbc-
HOM npOCTpaHCTBe AaeT 

S(P.Il)~ 8rm /22/ 
(p_q)4 

nocne 3Toro onpeAeneHHR MO*HO nonY 4H Tb $YP be-TpaH c¢opMa~HH Bcex 
4neHOB 8 /21/. 4TO npHBOAHT B ypa BHe HHH / 12/ K HOBOMY nOTeH~H­
any C'. Ci + C2+ C; + C~ . Bblpa*eHHOMY cneAY~HMH pa BeH­
CT saMH: 

2 2 4m ,, _ 1 •
Ci - C1 + 2m""r +" r - 'Ii ( .. +' m) r 

/23/ 
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4m , /24/C~ = C2 - w (w + 2m) '1 : (~~). 

C:i '" Cs . /25/ 

C~ = C4 • /26/ 

3. Bo Bcex peanbHblX ypaBHeHHRX AnR cnHHopHblX 4aCTH4 C OCHOS­
HbiM nOTeH4~aIlOM T~na KynoHoBcKoro 3aBHCR~He OT cnHHa nOTeH4Hanbi 
B Hyne C~HrYIlRpHbI KaK r - 3 • B saAa4e KsapKOHHR cHTya4HR TaKaR 
*e HnH Mano OTIlH4aeTCR OT ynoHRHYTOH, KorAa MaKCHMaIlbHaR c~Hry­
nRpHOCTb YMeHbweHa IlorapH¢Mlo14ecKoH nonpaBKoH OT nonApH3a4HIo1 Ba­
KYYMa. nOcneAHH~ cnY4a~ HMeeT MeCTO B ypaBHeHHH /12/ C nOTeH4H­
anaMH /23/, /24/, /25/ H 126/. nplo1 3TOM y4TeH~ rnaBHble 4neHbI 
aCHMnTOT~4eCKoro pasno*eHHR HHTerpanOB InCAr) 

1 1 _ 1 1I ,~I '" -(1- ), It - --2 
o (-to 4 1 r ... O 4I\[ln (Ar) 2 r ... O 4(Ar)2 10 2(Ar) /27/

10­
Ar 


06cY*AaeMbie cHHrynRpHocTH cy~eCTBYOT,Aa*e KorAa saBHcR~He OT 

CnHHa nOTeH4Hanbi C4HTaOTCA ManblMH B03My~eHHRMH - TorAa HX BKIlaA 

B S - BOJlHY, rAe nOJlY4alOTcR pacxoAR~HecR B HYne HHTerpanbl, Tpefiy­

eT 60Jlee AeTanbHoro paccMoTpeH~R. 3Ta np06neMa npORBJlReTCR , 

KorAa HY*HO HHTerp~poBaTb 4HcneHHO nonHoe ypaBlieHHe , 4TO HMeeT 

MeCTO B HaweM cnY4ae, T.K. Hawa KOHe4HaR 4enb - nOCTaHOSKa 06paT­

HO~ 3aAa4~. C 3THM e~e MO*HO M~PHTbCR, KorAa c~nbHO c~HrynRpHwe 


4neHbI RBnRIOTCR nOTeH4HanaMH OTTanK~BaHHR - TorAa nonY4aeTcA He­

eCTeCTseHHoe 3KcnoHeH4~anbl"oe yfiblBaHHe BonHoDoH !PYHKUHH B Hyne 

~3- 3a HeoAH11aKoBo~ CTeneHH OAHOpoAHOCTH AH$¢epeH4HanbHoro onepa­

Topa H AOM~HHpy~ro nOTeH4~ana. Ho npH onpeAeneHHblx Ha60pax 

KBaHTOBbiX 4Hcen J, L ~ S nonY4aeTcR nOTeH411an npHTR*eHHR. 

H AnR KoppeKTHoro nOBeAeH~R TaKoro ypasHeHHR B Hyne Hy*HbI paAH­

KanbHwe Mepw . 


npelKAe Bcero BcnoMHHM, 4TO ypasHel1He naYJ1~ AIlR 4aCT~4b1 B KY­
nOHOSCKOM none MO*HO nonY4HTb ~3 CHCTeMbi ~~paKa, 

(E+m-Voh'=~~~. 
/28/ 

(E-m-Vo)~"~~)( • 

eCJ1H 1013 nepeoro ypaBHeH~A sblpa3HTb Manble KOMnOHeHTbI 4epe3 6onb· 
WHe ~ nOACTaSHTb 3TO BO BTopoe ypaBHeHHe. nonY4eHHoe ypasHeHHe 

8 

a 2 2 • a , 1 d )1[(E+-) - m +Ll+ '~3 Cr -- - Lu cP: Q 
r Cl r dr -- /29/

E+m+ ­
r 

CBOA~TCA K ypaBHeH~~ naYfl~ np~ npeAnono~eH~AX 0 cnafiOM nOTeH4~­
aIle (a I r ... 0) "', cornaC HO HepenAT~B~CTCKOMY npHfin",~eHH~, 

1 13 1 
o CTpeMIleHH~ 3Hepr~H K Macce nOKOA 4aCT~4pl. Ho, Hanp~Mep, B 
nOKa3aHO, 4TO 8 paMKax ypaBHeH~A naynH np~ CTporOM paCCMOTpeHH~ 
S -BonHOBoro BKIlaAa cnHH-op6~Tanb Horo B3aHMOAeHCTBHR Hy~HO B03­
BpamaTbCA K ypaBHeHH~ /29/, T.e . GpaTb MaTeMaT~4eCKHe O~~AaHHA 
He r -3 • a r - 3 (E + m + air) - 1 • 

Sonpoc CTaBHTCR TaK: KaK HY~HO n~CaTb KBa3H nOTe H4HaIJbHOe 
ypaBHeH~e. 4T06~ B npeAe n e OAHOH CnHHOpHOH 4aCT~4bl BO BHewHeM 
none OHO CBOAHIlOCb ~ ypaBHeH~~ THna /29/7 

nyCTb B aMnIlHTYAax /8/ H /20/ CTOAT He cBo6oAH~e, a KB a3H­
cBofioAHble AHpaKoBCKHe cn~HOPbl U' J 

vE + m - Vo(~)ei 

U'(p)= 130/ 
. q p , ~

v' E - m - Vo ( p) -=-=- et. 
- Ip i . ~ 

OH~ C T04HOCTb~ AO $a30Boro MHO*~TenR ¢opManbHo YAoBneTBopR~T 

Cr-1CTeMy /28/, KorAa Ipl=v' (E - Vo ) 2 - m2 . _OH~ TaK*e ¢>op-
MaJlbHO YAOBJleTBOpRIOT HOPM~POB04HOI~y ycno BHIO U 'U'= 2m • Ha ca­
MOM Aene HaAO nO HHMaTb, 4TO KOPHH B /30/ pasnOlKeHbl no CTeneHRM 
vo, r-1 CIo1CTeMa /281 TOlllAeCTBeHHO YAoaneTBopReTC R B KalKAO'~ nopRA­
Ke /onpeAenReMoM cBepTKoH HHTerpaIlbHblX onepaTopoel no VO' 

~anbwe npH nonY4eH~H nOTeH4HanOB Vw ~ Va C TaKHMH cn~HOpaMr-1 
HaAO cofinlOAaTb $HKcHpo BaHHblH nOPRAo~ COMHO*HTeneH. IB HeKOTopblX 
4neHax, onpeAeneHH~X CBepTKaM~, 3TO He HMeeT SHa4eHHA, HO ~ B 

APyrHx 4IleHaX OTAeJlbHble COMHO*HTen~ He KOMMYTHPY~T/. npr-13TOM 
Mbi yTo4HReM, 4TO $aKTopbl co cnHHoablM~ l~aTp~4aMH THna (p x q) q 

BcerAa HaXOARTCA cnpaaa. HaKOHe4 npeH e fiperaeM sceMH Vo - 6 - 4I1C­
nHTenRX, 4T06b1 OCTaBaTbCR B paMKax fiOP HOBCKoro npr-1finH~eHHR . 

4~CTblH 3$$eKT TaKoH np04eAypbl caoAHTCR K TOMY, 4TO BO Bcex no­
TeH4Hanax ypaBHeHHR 1121 npOH3BeAeT CR 3aMeHa 

1 1 /311 
w+ 2m w + 2111 - 2Co 

w+ 2m 
a OOTeHl\l1aIlbl 1-1 (\ YMHOIxaTCR Ha • 4TOea w + 2m - 2 CoCTpeMHTCR K eAHHH4 e npH MaJThlX {} o. 
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B paCCMaTpHBaeMO~ aaAa4e KBapKOHHR 

c 	=~ (A2r_l+.!. 1 )1 :::_~ 1 
o 	 27 r r 0 r.... 0 27 1 /32/

tIn-­
Ar 

BcneACTBHe Toro, 4TO AOMHHHpY~He B Hyne 4neH~ cHHrynRpH~ K8K 
1 

• 3~~eKTHBHo nonY4a~TCR cHHrynRpHocTH r -2 Hc­
r S In _1_ 


Ar •

cneAoBaHHe peweHHH B Hyne paaH~X cnY4aeB nonHoro ypaBHeHHR 
/BKfl~4aR CHCTeMY ypaBHeHHH/ 6YAeT AaHO B cneAy~eH pa6oTe, rAe 
npHBeAeH 4HcneHH~H aHanHa 3aAa4H. 

4. 	 06CYlKAEHHE 

B paMK8X KB8aHnOTeH~HanbHorc nOAxoAa 9 / M~ HccneAyeM KOH­
KpeTHY~ a8A84Y CBRa8HH~X KBapK-8HTHKBapKOB~X CHCTeM. OCHOBHOH 
4enb~ 4HcneHHoro aHanHaa TaKHX CHCTeM RBnReTCA o6paTH8R a8Aa4a 
AnR Haxo~eHHA napaMeTp08 MOAenH H3 nonHoro Ha60pa 3KcnepHMeH­
TanbH~X Aa~IHblX. YcnOBHR HaweH 3aAa4H HaKJ1aA~BaIOT HeKOTopble Tpe­
fioBaHHR Ha KBa3HnOTeH411anbHoe ypasHeHl1e, KOTopble BbipalKa~TcR 
B cne,QYlOU\eM: 

1 . H3 o~ero ypaBHeHHA HYlKHO nonY4HTb ypaBHeHHe AllA aMnJ1HTY­
Abi nepeXOAa MelKAY ~H3114ecKHMH Ha4anbH~M H KOHe4H~M COCTORHHRM~. 
T.e . MelKAY CHHrneTaMH no OTHoweHH~ K 14BeTHO~ rpynne SUe (3) 
3TO AOCTHraeTCR eCTeCTBeHHblM Aony~eHHeM 06 YHHTapHblX CBO~CTBax 
aMnflHTYAbI, KBa3HnOTeH14Hana H ~YHK41111 rpHHa. 

2. HYlKHO coxpaHHTb xopOWHe CBoHcTBa ypaBHeHHR Ha 6ecKoHe4­
nOC TH , HapyweHHble Ha-aa KSaAPl1pOSBHI1R nOTeH4I1BJ1a 3anl1paHHR. no­
nY4eHHoro K8K cneACTBl1e ofiMeHa BeKTopHO~ 4aCTH14ei1. npeAnonOlKe­
HHe 0 ~lanH4HH 06MeHa CKanRpHblM KOMnJ1eKCOM Ha 60nbWHX paCCTORHI1­

x npl1BOAI1T K KOMneHca4HH KsaApaTHI.fHl)rO nOTeHI.IHana npl1TRlKe~IH A 

H K nORSneHl11O HOBbiX 4neHOB B fieCCnl1HOBOM H B cnHH-op6HTanbliOM 
aaI1MOAeHCTBHRX. B 3TOM cHbicne Mbi npHW11H K on~1caHHIO, nOAOOHOMY 

HccneAosaHHRM B pa60Tax '8.4 / • HO ~ICXOAfl ~13 APyrHx cooG:allleHHH. 
3. ~opMym·lpoBKa 06paTHoH 3aAal.fH TPe6ycT 4HcneliHoro HHTerp~l­

pOBaHHR nonHoro ypaBHeHHR. CI-IHrynApHblc KaK r -3 B Hyne nOTeH­
411anbl npHTRlKeHHR npl1BOART, OAHaKO, K Hel1HTerpHpyeMOMY ypasHe­
1H1~. B pa50Te npeAnOllCeHa npo4eAypa. KOTopaR C8~HT MaKCI1ManbHble 
cl1HrynRpHocTH K cllHrynRpl10cTAM lie fionee 4eM r . 

ABTOP BLipalIIaeT caolO HCKpeHHlO1O finaroAapHOCTb ~1 TOAOPOSY. 
rl. AncKcaHAPoBY ~1 Il.KapaA)!(OBY 3a cTI1 MynHpyllUtl1C 06CYlKACIfHR ~I no­
ne3Hble aaMe4aHHR. 
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