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1. BBEAEHI1E 

113MepeHHR <llOPM<IlaKTopa ner4al1w~t~x RAeP 2D, ~· 4 He npoBeAeHbl 
npH 60J1bWHX nepeAa4aX HMnyJ1bCa q2> 25 <I!M-2 /1/. 3TO 3Ha4HT, 4TO 
3J1eKTpOH npOHHKaeT B 04eHb MaJ1bll1 06DeM npOCTpaHCTBa C pa3MepaMH 
nOPRAKa r- q-l- 0,2 <I!M, rAe, no COBpeMeHHbiM npeACTaBJ1eHHRM, 
AOJ1mHa npoRBJ1RTbCR KeapKoeaR CTPYKTypa RAepHol1 MaTepHH. Cornac
HO 3THM npeACTaBJ1eHHRM npH aCHMnTOTH4eCKH 60J1bWHX nepeAa4aX 
<!lOPM<!laKTOpbl HMe~T CTeneHHOe noBeAeHHe /npaBHJ1a KBapKOBOrO 
c4eTa121/: 

/1/ 

rAe N - 4HCJ10 COCTaBJ1RIOI&HX CHCTeMy KBapKOB, 
paKTepH3yeT sec N-KeapKoeol1 KOH$Hrypa~HH e 
<llYHK~HH CHCTeMb/3/. 

a KOHCTaHTa C~ xa
nOJ1HOH BOJ1HOBOI1 

113 pHC.1 BHAHO, 4TO eCJ1H B Ka4eCTBe FN(q2 ) B3RTb H3BeCTHble 
3Kcnep~t~MeHTaJ1bHble <llOPM<IlaKTopbl, To cooTHoweH~t~e /1 I AJ1R aAPOHOB 
ael1cTBHTeJ1bHo Ha4HHaeT Bblxoa~t~Tb Ha nnaTo noH q 2 > 25 <llM-2. B TO 
me epeMR AJ1R Aei1TpOHOB Mbl e~e TOJ1bKO nOAXOAHM K aCHMT,TOTH4eCKOI1 
o6naCTH, a AJ1R RAeP 3 He H 4He OHa noKa He AOCTHraeTCR. TaKHM 
o6pa30M, napaMeTp C~, xapaKTepH3Y~~HI1 BKJ1aA N-KeapKOBOI1 np~;~
MeCH B RApe, 3aBHCHT OT annpOKCHMa~HH <!lOPM<!laKTOpOB B npeAaCHMn
TOTH4eCKOI1 o6naCTH nepeAa4 H COCTaBJ1ReT HeCKOJ1bKO npo~eHTOB/3/. 
3TO 03Ha4aeT, 4TO HYKJ10HHbll1 KaHaJ1 He06XOAHMO npHHHMaTb BO BHH
MaHHe KaK rnaBHY~ 4aCTb RAepHOI1 BOJ1HOBOI1 <llYHK~HH. 

B npeAbiAY~Hx pa6oTax14/ Mbl. npoaHaJ1H3HpoeanH ponb 6q -np~t~Me
cel1 B BOJ1HOBOH <llYHK~HH AeHTPOHa Ha npHMepe pac4eTa <!lOPM<!laKTOpa. 
0Ka3aJ10Cb, 4TO TaKaR npHMeCb COCTaBJ1ReT npHMepHO /7-8,5/% 
H HrpaeT onpeAeJ1R~~y~ POJ1b B HHTepnpeTa~HH noBeAeHHR <!lOPM<IlaK
TOpa np~;~ 6onbWHX nepeAaHHbiX HMnynbcax. K aHanorH4HOMY BbiBOAY 
npHXOART aBTOPbl PRAa APYrHX pa6oT/S, 6/. np~;~ 3TOM BbiRCHHJ10Cb 
4TO BKJ1aA B <!lOPM<!laKTOp Aei1TpOHa peJ1RTHBHCTCKHX 3<1l<!leKTOB/7-9/ 
H Me30HHbiX o6MeHHbiX TOKOB/IO/ COCTaBJ1ReT 30-40% H B 06J1aCTH 
6onbWHX nepeAa4 He MomeT pewa~~HM o6pa30M yMeHbWHTb pacxomAeHHe 
MemAY TeOpHeH H 3KCnep~t~MeHTOB, KOTOpoe npH q 2 - 125+ 200 <llM-2 

COCTaBJ1ReT np~t~MepHO nOPRAOK BeJ1H4HHbl. B ~eJ10M TaKaR me KapTHHa 
Ha6n~AaeTcR He APYrHx RAePHbiX peaK~HRX c 6oJ1bWHMH q 2 , rAe 
BKJ1~4eHHe WeCTHKBapKOBOI1 npHMeCH KOHCTPYKTHBHbiM o6pa30M MeHReT 
noeeAeH~t~e TeopeTH4eCKHX ce4eHHI1, npHBOAR K xopoweMy cornacH~ 
C 3KCnep~t~MeHTOM/II-I 7/. Bee 3TO AaeT OCHOBaHHe C4HTaTb, 4TO 

6q -coCTORHHR Hrpa~T AOMH~'?,!'!~ .1?0!!~ B e,T,a~RX C 60J1bWHMH 

·, r· ""· "".._:: ... : . ~""' .. _·! 

1 



.. I I 

IIHOH,n•2 

10"2 

PHc.l. 3aBHCHMOCTb 3KcnepH
MeHTanbHMX ynpyrHX ~OpM~aK
TOPOB TIHOHa, npOTOHa, HeHT
pOHa I ,PeHTpoHa, RAeP 3 He • 
4 He 1 , yMHOJKeHHbiX Ha 
(q 2 ) 0 - 1 , OT q 2 • JIHHHH npo
BeAeH~ no TO~KaM, 

2 
q ,a 3~~eKT~ penRTHBH3a~HV. 
RAepHoro ABHmeHHR HyKnOHOB 
H Me30HHbiX OUMeHH~X TOKOB 

N 

B 3TOH o6nacTH nepeAa4 Hrpa
~T nHWb ponb nonpaeoK. 

cr 
Uenb~ AaHHOH pa6oT~ RB

nReTcR HCCneAOBaHHe BnHRHHR 
6q -npHMeceH Ha noBeAeHHe 
3aPRAOBOrO ~OpM~aKTopa RAPa 
3He.npH 3TOM M~ C~OpMynH
pyeM nOAXOA, KOTOp~H B npHH
~Hne n03BOnReT paCC4HTaTb 
RAepH~H ~opM~aKTOP c y4eTOM 
He TOnbKO 6q ·, HO H 9q -npH-

LE 10"3 .. 
c;_ 
N 
cr 10"3 

- \ie, n-9 

10"" 

,us 

1113l J MeceH, a TaKme 6onee cnom-
H~x nn~MPrPa. R w~uPrTRP 

I 
6q -coCTORHHH M~ 6epeM npo

~--~~~·~~--~·~~~~~· ~~·--~ CTeHWY~ KOH~Hrypa~H~ C KBap-
50 100 150 q 2/~-2/ KaMH e s -o6ono4Ke. B KOH-

I 
KpeTH~X pac4eTax y4HT~eanHCb 

penRTHBHCTCKHH 3~~eKT OTAa4H RApa H BKnaA Me30HHbiX o6MeHHbiX 
TOKOB, KOTOpble H B AaHHOH 3aAa4e HMe~T XapaKTep nonpaBOK. 

2. ~OPM~AKTOP 

. 8 3TOM pa3Aene Mbl nOCTpOHM MOAenb RAPa, B KOTOpOH BOnHOBaR 
~YHK~HR COAepmHT KaK 06bi4Hble HyKnOHH~e, TaK H MYnbTHKBapKOB~e 
KOH~Hrypa~HH: 

/2/ 

3AeCb ~ 1 - RAepHaR BOnHoBaR ~YHK~HR MOAenH He3aBHCHM~X 4aCTH~; 
'1' 2 - RAepHaR ~yHK~HR C B~AeneHH~M ABYXHyKnOHH~M KnacTepoM, 
KOTOP~H C BepORTHOCTbiO C: HMeeT npHMeCb 6q -KOMnOHeHT~; ~ S -
~YHK~HR RAPa C B~AeneHH~M TpexHyKnOHH~M KnacTepoM, BepORTHOCTb 
CYIJieCTBOBaHHR KOTOporo B BHAe 9q-KOH~Hrypa~HH eCTb C~ H T•A• 
npeACTaBneHHe 3THX ~YHK~HH B BHAe npOH3BeAeHHH OAH04aCTH4H~X 

2 

H KnacTepH~X ~YHK~HH 6e3 y4eTa o6MeHH~X 4neHOB n03BOnReT B KQ
He4HOM HTOre B~pa3HTb ~OpM~aKTOP 4epe3 H3BeCTH~e H3 3KCnepH
MeHTa pacnpeAeneHHR nnOTHOCTH 3aPRAa RAPa H ~op~aKTOp~ 6onee 
npocT~X CHCTeM. 8 3TOH CBR3H OTMeTHM, 4TO peaynbTaT~ TaKoro POAa 
pac4eTOB ~OPM~aKTOpa AeHTpOHa, HO C y4eTOM 06MeHH~X 4neHOB, no
KaaanH, 4TO BKnaA nocneAHHX OKa3~BaeTCR AeHCTBHTenbHO npeHe6pe-

/4/ n mHMO Man~M • Hanee, AnR TOrO 4TOO~ B~4HCnHTb ~OpM~aKTOp ynpy-
roro eA-pacceRHHR, Heo6xoAHMo cAenaTb KOHKpeTH~e npeAnonome
HHR OTHOCHTenbHO CTPYKTyp~ BOnHOB~X ~YHK~HH ~ .... 8 Ka4eCTBe ~k 
M~ 6yAeM B~6HpaTb KaK rayCCOBCKHe ~YHK~HH B MOAenH He3aBHCHM~X 
4aCTH~, TaK H 6onee peanHCTH4ecKHe eonHoe~e ~YHK~HH RApa. CHa-
4ana paCCMOTPHM 6onee npOCTOH cny4aH raycCOBCKHX BOnHOB~X ~YHK
~HH. 

2.1. fayCCOBCKHe BOnHOB~e ~yHK~HH 

~ = qi (;(1) ;(1) ;c1>)W (;(2); (2) ;<2>) W (;(A) ;<A> ;<A>) 
1 11'2'3 21'2'3 '''A1'2'3' /3/ 

rAe r p> - KOOPAHHaT~ KBapKOB j ~ 1 , 2, 3, COCTaBnR~IJIHX HyKnOH i. 
B ~YHK~HRX 

/4/ 

4.-.--. -.- .. - -lA' -'"' _,., - -"'"'' ~•'•' .. ,., 
'~'a -'I' (r'•' ,.,,)"' ( "' ,~, ,~, ) "' ( ,..,, ,..,, , ... , - 123 1 •••f3 T4 f1 ,r2 ,r8 oooTA f1 ,f2 ,r3 ), /51 

~ = q, (~1) ;(k) );;'' (-+(k+1)-+(k+1) -+(k+l)) ;;, (-+(A) -+(A) -+(A) 161 k 1 ••• k 1'"3 Tk+1r1 ,r2 ,rs .•. TAr1 ,r2 ,rs) 

Y4HT~BaeTCR B03MOmHOCTb KnaCTepH3a~HH KBapKOB, HanpHMep, B03MOm
HOCTb ABYX HyKnOHOB HaXOAHTbCR B 8q -cocTORHHH /4/, Tpex HyKno
HOB - B 9q -coCTORHHH /5/ H T.A. BBOAR KOOPAHHaT~ RKo6H, npHeo
AHM B OC~HnnRTOPHOM 6a3HCe BOnHOB~e ~YHK~HH 11MHOIOKBapKOB~X 
KnacT~POB 11 /~nyKTOHOB/ _ 3q -coCTORHHH /HyKnOHOB/ ~ 1 , 6q-cOCTOR
HHH ~2• 9q -cocTORHHH ~128 H T.A· K cneAY~IIIeMy BHAY: 

'~'1 <;<1) ;c1> ;cl)> ~ rb <i<l)>c~~ <; : ) 
1 ' 2 ' 8 1 Sq <:. 1 ' ., 1 ' 171 

~ ( (1) -+(k) ) -1. (-+ (1 ... k}. <' -+ -+ -+ 
1 ... k r 1 '" r 8 = '~'1 ... k R ) cll8kq "'1 • 111• ~ 2 • 112 • ... ) • /8/ 

-+ (1 ... k) 
rAe R - KOOPAHHaT~ ~eHTpa TRmeCTH k-ro ~nyKTOHa, COAep-
maUiero 3k KBapKOB, a (,; - OTHOCHTenbH~e KOOPAHHaT~ KBapKOB 
BHYTPH Hero. ~YHK~HH ABHmeHHR ~eHTpa TRmeCTH ~nyKTOHa f/J 1 ... k 
B OC~HnnRTOPHOM 6a3HCe npeACTaBnR~TCR B BHAe npOH3BeAeHHR OAH0-
4aCTH4H~X ~YHK~HH HyKnOHOB: 
rP 1 ...... = (r/J 1) k • /9/ 
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M~ 6yAeM o6o6~aTb 3TO COOTHOWeHHe, BBOA~ $eHOMeHonorH4eCKy~ 
nnOTHOCTb pacnpeAeneHH~ 3aP~Aa T04e4H~X HyKnOHOB ~Apa, B3~TY~ 

H3 aHanH3a $OPM$aKTOPOB 3neKTpoH-~AepHoro pacce~HH~ npH OTHOCH
TenbHO He60nbWHX HMnynbcax: AO nepeoro MHHHMYMa ¢opM$aKTOpa. 
TaKa~ nnoTHOCTb 6nH3Ka K rayccoecKo~, TaK 4TO 

/10/ 

4TO KacaeTC~ onpeAeneHH~ ·K03$$H~HeHTOB npHMece~ ct MHOrOKBapKo
B~X COCTO~HH~ B ~AePHY~ $yHK~H~ /2/, TO, nonara~ C~ >> C~ » ... , 
H3 HOPMHPOBKH nony4HM c¥ ~ 1. OcTanbH~e ci ~en~~Tc~, eoo6~e ro
eop~, napaMeTpaMH, ~X, OAHaKO, MO*HO paCC4HTaTb, 3aAaBa~ ypaeHe
HHe /2/ H B3aHMOAe~CTBH~ KBapKOB H HYKnOHOB. noKa TaKy~ 3aAa4y 
YAanocb BblnonHHTb nHWb An~ Ae~TpoHa~ a An~ 6onee T~~en~x ~AeP -
nony4HTb nHWb Ka4eCTBeHH~e o~eHKH 11 ~ Ho*Ho, OAHaKo, napaMeTpH-
30BaTb c: c noM~b~ $opMyn~ An~ eepo~THOCTH Haxo~AeHHfl k HyKno
HOB flAPa a o6"'beMe Koppen~~HH Vg = : rrr; /a o6"'beMe 11$nyKTOHa11

/: 

c 2 = ( A ) (V I A V ) k- 1 B 
k k g 0 k 

. N Z A -1 
B k = ( k )( k ) ( k ) /Z' 

N Z 
/11/ 

rAe Bk y4HT~BaeT H30TOnH4eCKH~ COCTaB $nyKTOHa C kN He~TpOHaMH 
H kz npoToHaMH. 3AeCb v0 = rr r 3 , r 0 = 1,2 $M. ~3 aHanHJl~; 
KYMYn~THBHbiX npo~eccoa paHee tf~no nony4eHo r g = 0, 7 5 <!lM . 

:iV~~ I CC.ill1n /'2/ / ~ ~ / 12 Ullf.Jt::""'t:Jit::MVIt:: ;;sdiJJ11-'Ut:SUf U qlUpMqJaKTOpa 

(I) 2 . ....._. ,. -+(I) -+ ... (I) 
FA = .l ej r j'l'A I exp(lqr)8(r -rj )dr n drj • 

ij u 

rAe e7> - 3ap~A~ KaapKoe, nony4aeM a~pa*eHHe 

A 2 
FA = .l c k F k + 2 I c 1 ck F lk • 

k=1 . l~k . 

/12/ 

/13/ 

3AeCb Fk - $OpM$aKTOp~ $nyKTOHOB, a F lk - COOTBeTCTBY~~He HHTep
$epeH~HOHH~e 4aCTH $OpM$aKTOpa. nerKO Ha~TH, 4TO 

em- q - q 
= Fk Fk F k = Fk Fk , /14/ 

r P k (R) exp(tqR) dR, /15/ 

/16/ 

C~Aa BXOA~T Fk- $opM$aKTOp ABH)i(eHH~ ~eHTpa Mace k -ro $nyKTo
Ha H Fq - C06CTBeHHO $OpM$aKTOp MHOrOKBapKOBO~ CHCTeM~. npHCyT
CTBHe AHWHHX nepeMeHH~x a ~AePHO~ $yHK~HH /2/ npHeeno K Heo6-

XOAHMOCTH BBeCTH nonpaBKY Ha ABH*eHHe ~eHTpa MaCe F~m 
= exp(q2/4aAA). napaMeTp a A onpeAen~eTc~ a pe3ynbTaTe cpaaHeHH~ 
/14/ c H3BeCTH~M H3 3KcnepHMeHTa $opM$aKTopoM sHe npH k = 1 
/HyKnOHHa~ 4aCTb $OpM$aKTOpa 6e3 MHOrOKBapKOB~X npHMeCeH/ B o6-
naCTH Man~X q2, KOrAa MO*HO nonb30BaTbC~ rayCCOBCKOH nnoTHOCTb~ 
p ""Po. 3To AaeT 

/17/ 

rAe, HanpHMep, An~ ~APa SHe HMeeM b:H = 1,823 $M 2; ~~~ = 0,36 $M 2• 
Tenepb Heo6xoAHMO Ha~TH $opM$aKTOP • /16/ MHoroKaapKoao~ N q

CHCTeM~ -F~. 8 Ka4eCTBe BOnHOBO~ $YHK~HH N -KaapKOB~X COCTO~HH~ 
6yAeM 6paTb COOTBeTCTBY~He peweHH~ penRTHBHCTCKOro OC~HnnRTOp
HOro ypaaHeHHR 1181 : 

./18/ 

rAe p(l) = ia/ ax(i), 
KaapKa. PewaR /18/, 
Nq -cHcTeM~ 1191: 

X(i) - 4-HMnynbC H 4-KOOPAHHaTa i -ro 
MO*HO nony4HTb B~Pa*eHHe AnR $OpM$aKTOpa 

2 2 1-N 2 2 2 
_ .F Nq = (1 + q /2MNq) exp[-(N -l)q /4aN(l + q /2MNq)]; 

/19/ 

= KNS/2. 

3AeCb MNq HMeeT CM~cn Mace~ Nq -cHCTeM~, OAHaKo ero ecTecT
aeHHO a~6HpaTb KaK napaMeTp. HH*e a pac4eTax $opM$aKTopa RAPa 
SHe Y4HT~BancR BKnaA B BOnHOBY~ $yHK~H~ 8q- H 4aCTH4HO 9q
KOH$Hrypa~HH. An~ 8q -KOH$Hrypa~H~ 3Ha4eHHe M 8q = 1 '2 r3B BaR
TO H3 pa6oT~ 1191, rAe 6~no nony4eHo xopowee cornacHe c $opM$aK
TopoM Ae~TpoHa npH 6onbwHx HMnynbcax q2 >25 $M-~ Ha~AeH TaK*e 
napaMeTp OC~HnnRTOPHO~ CBR3H KBaPKOB K ~ 0,096 r3B2

, KOTOP~~ 
noaaonHn npoH3BeCTH xopowy~ noArOHKY K $OpM$aKTopaM He TonbKO 
AeHTpoHa, HO H npoToHa. KpoMe 3THX napaMeTpoa HaM noHaAo6HTCR 
e~e M 9q , KOTOP~~ HaXOAHncR npH cpaaHeHHH I 19/ a cny4ae N = 9 c 
B~Pa*eHHeM AnR F9q, nony4eHH~M a MOAenH HeaaBHCHM~X KBapKoa/20~ 
KOTopoe a npeAaCHMnTOTH4eCKo~ o6nacTH AaeT APYroe He*enH /19/ 
noBeAeHHe $OPM$aKTOPOB, OAHaKO npH q2-+ ~ TaK *e, KaK H BWpa
*eHHe /19/, nepeXOAHT B $OpMyny KBapKOBOrO C4eTa /1/. ~X cpaaHe
HHe B 3TO~ o6naCTH q 2 AaeT Mgq = 1,4 r3B. 

npe*Ae acero paccMoTpHM anHRHHe 8q-KOH$Hrypa~HH Ha Fs 88 • 
B 3TOM cny4ae awpa*eHHe /13/ AnR Fs 88 ynpocTHTC~: 

/20/ 

3Ha4eHHe c~ = 0, 085 aoabMeM H3 pa6oT 141 • 3AeCb F 1' F 2 onpeAene
Hw ypaaHeHH~MH /14/, /17/ H /19/. 
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Tenepb nony4HM BblpameHHe All.A HHTepel>epeH~HOHHoro 411eHa e non
HOM CI>OPM$aKTOpe: 

<t> r . ....... ... .... <t> ... ... <I> F 12 = l: e J . 'I' 1 'I' 2 exp (1 q r) 8 (r - r J ) dr II dr j • 
ij ij 

/21/ 

noACTaBil.A.A /3/, /4/ B /21/ H CYMMHPY.A nOCileAHee BblpameHHe no 
ij, HaXOAHM 

q -
F 12 = F12 F 12 F om ' /22/ 

rAe F12 - CI>OPM$aKTOp, nO.ABil.A~~HHC.A BCileACTBHe nepeKpbiTH.A BOilHO
BbiX c!>YHK~HH 3q- H 8q -KnacTepoe /21/: 

r exp(- -). 
2g 

3AeCb 

f == (a8 M:q+a6 Miq)(y 2 -1) -M 6qMSq(a 8 +a
6 

)y+ 

2 2 + (M Sq + M6q ) (a 8 + a 6 ) / 2 , 

2 2 
g=asa6y +(ae-as) /4, 

/23/ 

!24/ 

/25/ 

!26/ 

/27/ 

Cl>opMc!>aKTop F12 B03HHKaeT H3-3a nepeKpbiTHR eonHOBbiX CI>YHK~HH 
ABHmeHH.A ~eHTpa Mace 3~ H 8q-KilaCTepoe H HMeeT ClleAY~~HH 
BHA: 

8aAa6 8/4 2 2 
F 12 = [ ] exp( q b /Sa A), 

(a A+ a.e) 2 
/28/ 

b2 .. (3a A + a6) /(a A + a 6) • /29/ 

npemAe 4eM nepeHTH K pac4eTaM .F8He ·' Bbi.ACHHM xapaKTep noBeAe
HHR H nop.AAOK Be11H4HHbl HHTep$epeH~HOHHOrO CI>OPMCI>aKTOpa F , 
A v 12 

llR 3Toro Y4TeM, 4TO napaMeTp aA, onpeAell.A~HH ABHmeHHe ~eHTpa 
Mace 3q- , 6q - KllacTepoe e RAPe, 3Ha4HTellbHO MeHbWe a6 - napa
MeTpa, xapaKTepH3y~ero ABHmeHHe KBapKOB B CH11bHOCBR3aHHOH 
6q -cHcTeMe. TorAa b 2 "' 1 H noKa3aTellb 3KcnoHeHTbl e /28/ coe
naAaeT c TeM, 4TO nony4aeTCR npH pac4eTe F2 c!>OPMc!>aKTopa /15/ 
c rayccoecKHMH RAePHbiMH CI>YHK~H.AMH. TorAa 
- 2 - 2 
F12(q) =TJF2(q ), /30/ 

6 
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PHc.2. BKn~ B Cl>opMCI>aKTop HAPa 
SHe mecTHKBapKoBoro lc: F2 I 
/KpHB~e 2,4/ H HHTe~epeH~OH
HOI'O l2c1 c 2 F 12 I /KpHBble I, 3/ 
Cl>opMCI>aKTOpOB, B~cneHHWX C HC
nOnb30BaHHeM raycCOBCKHX /KpH
Bble 1,2/ H peanHCTHqecKHX 
/KpHB~e 3,4/ BOnHOB~ CI>YHK~HH 
HYKnOHOB HApa 3He. 

8/4 rAe TJ : (Sa A/ a e) . noACTaBil.A.A 
e e~pameHHe All.A TJ 4HcneHHoe 
3Ha4eHHe a 6 "' 18 CI>M - 2 /27 I, 
aA= 0,45 CI>M-2 /17/, nony4aeM 
TJ = \/0,0B9, TO ecTb OKa3b1BaeT
c.A, 4TO 4HCS1eHHO TJ npaKTH4eCKH 
COBnaAaeT C MOAYileM Be11H4HH~ 

8q -npHMeCH ic2 1 .. \/~, KO-
TOp~H nony4aeTC.A B COOTBeTCTBHH C /11/, a TaKme C pe3yllbTaTOM 
aHa11H3a AeHTPOHHoro CI>OPMCI>aKTopa 141• 6onee Toro, ecnH y4eCTb, 4To 
e HaweM cny4ae M Sq = Meq H a 8 - a6 , TO, cpaeHHBa.A /23/ H I 19/, 
MomHo noKa3aTb, 4ToF~ H F~2 coenaAa~T. HTaK, OKOH4aTellbHO 

F12 (q 2) :: TJ.F i ( q2) F 2 ( q2) = TJ Fp ( q 2) • /31/ 

3TO npH611HmeHHOe paBeHCTBO npoeep.AilOCb 4HC11eHH~MH paC4eTaMH no 
CI>OPMYilaM /14/, /17/, /19/ H /22/-/29/ All.A cfF2 H 2c1c2.F12 .Pe-
3YilbTaTbl pac4eToe npHBeAeH~ Ha pHc.2 /KpHBble 1,2/. BHAHO, 4TO 
COOTHOWeHHe /31/ AeHCTBHTellbHO HMeeT MeCTO, B 4aCTHOCTH HaKSlOH~ 

HHTepel>epeH~HOHHoro H 8q-e~>opMCI>aKTopoe eecbMa 6nH3KH APYr K APY
ry. TorAa CI>OPMCI>aKTOp F8 MomHo npeAcTaBHTb e BHAe 

He 

F Sue= c~F 1 + c:F 2 + 2c1 c2 ic2 1 F 2 • /32/ 

0TC~Aa cpa3y .ACHo, 4TO HHTePCI>epeH~H.A NN- H 6q-KaHanoe HrpaeT 
3Aecb 04eHb eamHy~ pollb. TaK, nocKOilbKY c 1 =1, Mbl HMeeM npH 
c

2 
> 0 

F8 (c 2> 0) = c~F 1 + 3c~F2 , /33/ 
He 

a npH c 2 < 0 

F 3He(c 2<0):: c;F1 - c:F2 • /34/ 

AHa11H3 pac4eToe no T04HbiM Cl>opMynaM /20/-128/ I·Fsue(c2>0)I H 
IFSHe(c2<0)1, npHBeAeHHbiX Ha pHc.3, n03B011ReT CAellaTb BbiBOA, 4TO 
BapHaHT C (C 2 >0)npHXOAHTC.A cpa3y OT6pOCHTb, H60 B 3TOM Clly4ae 

7 



' 

IF (qll 

10 

PHc.3. ~opM~aKTop 
qHcneHHhlH C HCllOnb30BaHHeM 
rayccoscKHX ~YHK~fi HYKnOHos, 
C OTpH~aTenbHOfi~TYAOH 8q -
npHMecH c 2 =- v'0,085 6es yqeTa 
c ~ = 0 I cnnomHaH nHHHH/ H c 
yqeTOM C~ = 0,003 /nyHKTHpHa.H/ 
(\,. ---------- -
.,"'' U.}'KU·.U~Iw&'l. I 0. J. cJ.AJJ\.t:: "-.: 

c2 = v' 0,085 H c~ = 0 /mTpHx
nyHKTHpHaH/. 3KcnepHMeHTanbHhle 
AaHHble B3HTbl H3 pa6oT /1/. 

IFtqll 

Q/~M- I 
PHc.4. ~opM~aKTOp HApa 3He,pac
cqHTaH8hlH c HcnonbsosaHHeM 
rayCCOBCKHX BOnHOBblX ~YHK~Hfi 
HYKnOHOB B .F2 H F 12. H peanHCTH
qecKoro TpexTenbHoro HAepHoro 
~OpM~aKTOpa .F 1 

1221 /mTpHx
nyHKTHpHaH nHHHH/. CnnomH~ 
nHHHH - pacqeT C c 2 = -vtJ,U!:I5 
H C~, nyHKTHpHaH - c 2 ~ 
=-v'O, 085 H c ~ = 0, 003. 3Kcne
pHMeHTanbHhle AaHHhle B3HTbl H3 
pa6oT Ill. 

He nORBnReTCR Aame nepB~A M~H~MYM ¢opM¢aKTOpa, Ha6n~AaeM~A B 
3KCnep~MeHTe np~ q ~ 3,2-3,6 dlM-1 • 0TMeT~M, 4TO TOT me 3HaK 
6q -aMnn~TYA~ c 2 < 0 nony4aeTcR ~ np~ aHan~3e ynpyroro eD -pac
ceRH~R141. PaccMaTp~BaR s ~enoM pe3ynbTaT~ pac4eTa ¢opM¢aKTopa 
3He·c ~cnonb30BaH~eM rayccoscK~x RAePH~x W- ~ 8q-¢yHK~~A, 
6yAeM KOHCTaT~POBaTb, 4TO 3AeCb MOmHO AOfi~TbCR cornac~R C 3KCne
p~MeHTanbH~M~ AaHH~M~. 0AHaKo 3To cornac~e cpa3y me HapywaeTcR, 
ecn~ K nonHoA ¢YHK~~~ A06as~Tb e~e 9q-np~Mecb /6e3 y4eTa ~H
Tep¢epeH4~0HH~x ¢opM¢aKTopos F13 , .F

23
/. B nocneAHeM cny4ae 

q: 7-8 dlM-1, KOTOp~A, OAHaKO, noKa RBHO He 06Hapym~BaeTCR 
B ~Me~~~xcR 3Kcnep~MeHTanbH~x AaHH~x. 

4T06~ pa3o6paTbCR B np~4~HaX nORBneH~R BTOporo M~H~MyMa, 
YT04H~M MOAenb. 3AeCb cneAyeT OTMeT~Tb, 4TO nepsoe cnaraeMoe 
B ¢opM¢aKTOpe /20/ - 3TO 4~CTO RAePH~A dlOPM¢aKTop, KOrAa 
HyKnOH~ He npespa~a~TCR B MHOrOKBapKOB~e KOH¢~rypa~~~ Ha Man~X 
paCCTORH~RX. no3TOMY F1 B /20/ ecTeCTBeHHO B~6paTb TaK~M, 

8 

KaK~M oH nony4aeTCR B T04H~x pac4eTax c ~cnonb30BaH~eM pean~cT~-
4eCK~X MOAeneA AnR HyKnoH-HyKnoHH~x c~n. AnR RAPa 3He M~ s Ka-
4eCTBe TaKos~x B3Rn~ pac4eT~ ~3 pa6oT 122~ rAe T04HO pewanacb · 
3aAa4a Tpex Ten B paMKax ypasHeH~A ¢aAAeesa c ~cnonb30BaH~eM 
pean~CT~4eCK~X HyKnoH-HyKnOHH~X noTeH~~anoB ~ C y4eTOM BKnaAa 
Me30HH~X o6MeHH~X TOKOB ~ penRT~B~CTCK~X 3¢¢eKTOB. Ha p~c.4 

/22/ 
np~BeAeH~ pac4eT~ IF 3H

8
(c2> 0) 1. B KOTop~x F 1 6pancR ~3 pa6oT , 

a BKnaA 6q-KOMnOHeHTF2 ~ .F12 paCC4~T~BanCR Ha OCHOBe rayCCOBC
K~X HyKnoHH~x ¢YHK~~A. B~AHO, 4TO B TaKOM sap~aHTe pac4eTa BTo
poA M~H~MYM ocTaeTcR Aame np~ y4eTe 6q-KoH¢~rypa~~A. Ao6asne
H~e 9Q-KOH¢~rypa~~~ Mana MeHReT Ka4eCTBeHHY~ KapT~Hy - 3TO 
np~BOA~T n~Wb K CAB~ry BTOpOrO M~H~MyMa B o6naCTb MeHbW~X q 2• 
TaK~M o6pa3oM, BTopoA MHH~MyM, noRBnR~~HACR B pac4eTax ¢opM
$aKTopa Ha OCHOBe peweH~R 3aAa4~ Tpex B3a~MOAeHCTBy~HX HyKno
HOB, COXpaHReTCR ~ np~ y4eTe 6q• H 9q-np~MeceA, XOTR np~ 3TOM 
ero nonomeH~e H ¢opMa MoryT ~3MeHRTbCR. 3Aecb, B~A~Mo, Heo6xo
AHMO 6onee AeTanbHoe ~3MepeHHe 3Kcnep~MeHTanbHoro ¢opM¢aKTopa 
3 He,4T06bl OKOH4aTenbHO pew~Tb son poe, cy~ecTsyeT ~n~ HeT 3TOT 
BTOpoA MHH~MyM B o6nacT~ q :: 7-8 dlM - 1• ii1MeiOI!I~eCR AaHHble noKa 
He Aa~T OAH03Ha4HOrO OTBeTa Ha 3TOT Bon poe. C APYrOA CTOpOHbl, 
~HTepeCHO npoaHanH3~poBaTb ~ B03MOmHOCT~ CaMoA TeOpHH Tpex 
Ten, H ponb y4eTa RAepH~x 3¢¢eKTOB B 3TOH me o6nacT~ q 2• 4To me 
KacaeTCR YT04HeH~R npeAnaraeMOA MOAen~, TO 3AeCb MOmHO CAenaTb 
e~e OA~H war BnepeA, a ~MeHHO: BMeCTO npOCTbiX rayCCOBCK~X Bon
HOBbiX d>YHKU~H RJlOa SHP. ~CnOnb30Bi'ITb fiOilF'F' nF'.:IniAI""TIAUPI""I<'IAP '!'~''"'"'~lAtA_ 
PaccMoTpeHH~ 3ToA 3aAa4~ ~ 6yAeT nocBR~eH cneAY~~~A pa3Aen • 

2.2. Pean~cT~4ecK~e sonHoBble ¢YHK4H~ 

W1 =Wsq (~1'711)W3q (~2' '112 )Wsq (~S' 11s)W (p, r) • 

'~'2 = Waq <~1•111 • ~2• 112• r ;J2) Waq <~s• 77s )f,b(p) • 

w3 = w9q(~1'7)1,~2•712•~s·'11s· r/J2. J2/3p). 

/35/ 

1361 

/37/ 

B Ka4eCTBe BOnHOBOA ¢YHK~H~ OTHOCHTenbHOrO ABHmeH~R HyKnOHOB 
W (p, r) Bbl6epeM ¢yHK4~~ B ¢aKTOP~30BaHHOM BHAe; 

W(p, r) = u(r) <l>(p). /38/ 

u(r) = J'll(p, r) <l>(p) dp /39/ 

onpeAenReTCR KaK HHTerpan nepeKp~T~R HCXOAHOH ¢YHK~HH W(p, r) 
H ¢YHK~~H <l>(p) AB~meHHR CKOppen~poBaHHOA nap~ HyKnOHOB OTHOCH-

9 



' 

IF (qll 

PHc.3. ~opM~aKTOP 
qHcneHHWH C HCnOnh30BaHHeM 
rayccoscKHX ~YHKqHH HYKnOHOB, 
C OTPH~aTenhHOH~HTYAOH 8q -
npHMeCH c 2 =- yO, 085 oes yt~eTa 
c ~ = 0 I cnnomHa.a nHHH.H/ H c 
y'leTOM Ci = 0,003 /nyHKTHpHa.H/ 
~ - ~~;.:;_..,;.;~Q 1 ci. .1 cU\.JI\C \.,; 

C2 = y0,Q85 H c§ = 0 /mTpHX
nyHKTHpHa.H/. 3KCnepHMeHTanhHhle 
AaHHhle B3.!1Tbl H3 paOOT /1/. 

IF(qll 

-.:i 

Q/~M- I 
PHc.4. ~opM~aKTOP .HApa 3He,pac
C'IHTaHHWH C HCnOnh30BaHHeM 
raycCOBCKHX BOnHOBhlX ~yHK~HH 
HYKnOHOB a .F2 H F12 H peanHCTH
t~ecKoro TpexTen,~ofo .HAepHoro 
~OpM~aKTOpa .F 1 

2 /mTpHx
nyHKTHPHM nHHH.H/. Cnnom~ 
JIHHH.H - pact~eT c c 2 -= -yU, 0!j5 
H c2 c 0, nyHKTHpHa.H - c 2 ::. 
=-~ H c~ = 0,003. :3Kcne
pHMeHTanhHbie AaHHhle B3.!1Tbl H3 
paooT 111. 

He nORBnReTCR Aame nepe~A M~H~MYM $OpM$aKTOpa, Ha6n~AaeMb!A B 
aKcnep~MeHTe np~ q:::: 3,2-3,6 <PM-1 • OTMeT~M, 4TO TOT me 3HaK 
6q -aMnn~TYA~ c 2 < 0 nony4aeTcR ~ np~ aHan~3e ynpyroro eO -pac
ceRH~R/4/, PaccMaTp~eaR e ~enoM pe3ynbTaT~ pac4eTa $opM$aKTopa 
3He·c ~cnonb3oeaH~eM rayccoecK~x RAePH~X W- ~ 8q-$YHK~~A, 
6yAeM KOHCTaT~pOBaTb, 4TO 3AeCb MOmHO A06~TbCR cornac~R C 3KCne
p~MeHTanbH~M~ AaHH~M~. 0AHaKo 3TO cornac~e cpa3y me HapywaeTcR, 
ecn~ K nonHoA $YHK~~~ A06ae~Tb e~e 9q-np~MeCb /6e3 y4eTa ~H
Tep$epeH~~OHH~x $opM$aKTopoe F

13
, F

23
/. B nocneAHeM cny4ae 

q: 7-8 $M-1, KOTOp~A, OAHaKo, noKa RBHO He o6Hapym~eaeTCR 
e ~Me~~~xcR 3Kcnep~MeHTanbH~x AaHH~x. 

4T06~ pa3o6paTbCR B np~4~HaX nORBneH~R BTOporo M~H~MyMa, 
yT04H~M MOAenb. 3AeCb cneAyeT OTMeT~Tb, 4To nepeoe cnaraeMoe 
B $OPM$aKTOpe /20/ - 3TO 4~CTO RAepH~A $OpM$aKTOp, KOrAa 
HyKnOH~ He npeepa~a~TCR B MHOrOKBapKOB~e KOH$~rypa~~~ Ha Man~X 
paCCTORH~RX. no3TOMY F1 B /20/ ecTeCTBeHHO B~6paTb TaK~M, 

8 

'\ 
I 

KaK~M OH nony4aeTCR B T04H~X paC4eTaX C HCnOnb30BaHHeM peanHCTH-
4eCK~X MOAeneA AnR HyKnoH-HYKnoHH~x cHn. An~ RAPa 3He M~ e Ka-
4eCTBe TaKOB~X B3RnH pac4eT~ H3 pa6oT 122~ rAe T04HO pewanaCb · 
3aAa4a Tpex Ten e paMKax ypaeHeHHH <PaAAeeea c Hcnonb30BaHHeM 
peanHCTH4eCKHX HyKnOH-HyKnOHH~X nOTeH~~anoB H C y4eTOM BKnaAa 
Me30HH~X o6MeHHbiX TOKOB H penRTHBHCTCK~X 3¢$eKTOB. Ha PHC.~221 
npHBeAeHbl pac4eTbl IF sa (c2> 0) I. B KOTOPbiX F 1 6pancR H3 pa6oT ' 
a BKnaA 6q-KOMnOHeHT.F2 e H F 12 paCC4~TbiBancR Ha OCHOBe rayccoec
K~X HyKnOHHbiX $YHK~HH. BHAHO, 4TO B TaKOM BapHaHTe paC4eTa BTQ
poH MHHHMYM ocTaeTcR Aame np~ y4eTe 6q-KOH$Hrypa~HH. Ao6aene
H~e 9Q-KOH$Hrypa~~H Mana MeHReT Ka4eCTBeHHy~ KapTHHY - 3T0 

2 
npHBOA~T nHWb K CABHry BTOpOrO MHHHMyMa B o6naCTb MeHbWHX q • 
TaK~M o6pa30M, BTOpOH MHHHMYM, nORBnR~~HHCR B paC4eTaX $opM
$aKTOpa Ha OCHOBe peWeH~R 3aAa4H TpeX B3aHMOAeHCTBY~~~X HyKnO
HOB, coxpaHReTCR ~ np~ y4eTe 6q· H 9q-npHMeCeH, XOTR npH 3TOM 
era nonomeHHe H $OpMa MOryT ~3MeHRTbCR, 3AeCb, BHAHMO, Heo6xo
A~MO 6onee AeTanbHoe ~3MepeH~e 3Kcnep~MeHTanbHoro $opM$aKTOPa 
3 He,4T06bl OKOH4aTenbHO pew~Tb eon poe, cy~ecTeyeT HnH HeT 3TOT 
eTopoH MHH~MYM e o6nacT~ q = 7-8 <PM - 1• HMe~~ecR AaHHble noKa 
He Aa~T OAH03Ha4Horo OTBeTa Ha 3TOT BOnpoc. C APYrOH CTOpOHbl, 
~HTepeCHO npoaHan~3HPOBaTb H B03MOmHOCT~ CaMOH TeOpHH TpeX 
Ten, H ponb y4eTa RAepHbiX 3$$eKTOB B 3TOA me o6nacT~ q 2• 4TO me 
KacaeTCR YT04HeH~R npeAnaraeMOH MOAenH, TO 3AeCb MOmHO CAenaTb 
e~e OAHH war enepeA, a ~MeHHo: BMecTo npocT~x rayccoecKHX son
HOSbiX <PYHKU~A RLlOa 3 HP. ~cnonbsoer~Tb fionPP !'-:'::>.~!~':"!"!~' !-:'':~~~e ~~'"'"".lAlA 
PaccMoTpeHH~ 3ToA 3aAa4H ~ 6yAeT nocBR~eH cneAY~~~A pa3Aen. 

W1 =Wsq (~1'711)W3q (~2' 772 )W3q (~8' 11s)W (p, r)' 

W 2 = W 6q (~ 1 • 111 • ~ 2 • 772 • r I Jij W sq (~ 3 ' 11 3 ) c,b (p) ' 

Wa W9q(~1'711'~2•772•~s•77s• r/J2. J2/3p). 

/35/ 

/36/ 

/37/ 

B Ka4eCTBe BOnHOBOH $YHK~H~ OTHOCHTenbHOrO AB~meHHR HyKnOHOB 
W (p, r) B~6epeM $YHK~H~ B $aKTOP~30BaHHOM BHAe: 

W(p, r) = u(r) Cl>(p). /38/ 

u(r) = J'l'(p, r) Cl>(p) dp /39/ 

onpeAenReTCR KaK ~HTerpan nepeKp~T~R HCXOAHoA $YHK~~~ W(p, r) 
~ $YHK~~H Cf>(p) AB~meH~R CKOppen~posaHHOH nap~ HyKnOHOB OTHOCH-
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TenbHO TpeTbero HYKflOHa B RAPe SHe. noACTaBnRR /35/-/38/ B /12/ 
H y4HT~eaR, 4To ABH*eHHe ~eHTpa Mace RAPa e TaKoM noAXOAe nerKo 
e~AenHTb, onRTb nony4aeM ~opMyny /20/ /cny4a~ Cs= 0/. Tenepb 
OTAeflbH~e cnaraeM~e B /20/ HMe~T BHA 

= 2 ~ 
F12 (q > .. f«<l*(p)I/J(p)exp(2tcwia>dp, 

"' II - - ~ F12 (q) = fu(r)'1'6q(r/y'2)exp(iqr/2)dr. 

/40/ 

/41/ 

/42/ 

/43/ 

/44/ 

/45/ 

EcTecTeeHHO npeAnonaraTb, 4To eonHoeaR ~YHK~HR ABH*eHHR 6q
KnacTepa OTHOCHTenbHO 3q-KnacTepa aSHe TaKaR *e, KaK H eonHo
eaR ~YHK~HR ABH*eHHR CKOppenHpOBaHHO~ nap~ HyKflOHOB OTHOCHTenb
HO TpeTbero HYKflOHa, 3TO 03Ha4aeT, 4TO B ~OpMynax /43/ H /44/ 
M~ AOfl*H~ nOflO*HTb cll(p)"' 1/J{p). TorAa nony4aeM COOTHOWeHHR 

.. 2 = 2 .. 2 
F 2 (q ) "' F 12 ( q ) "' F 1 (q ) , /46/ 

:1 • u nu;;s~:~uJI.flt:T ynpocTHTb BbiPa*eHHR 14 1 1, I 4£/, o6"beAHHHB e HHX 
eTop~e cnaraeM~e c ~opM~aKTOPOM F 1 (q 2) : 

2 2 2 = 2 
F2 (q) =aF&q(q )F1 (q /4), 

2 2 q 2"' 2 = 2 
F 12 (q ) = - F 12 (q ) F 1 (q I 4) F 12 (q ) · 

3 

/47 I 

/48/ 

4To6~ Bb14H~HTb F12 (q2), Heo6XOAHMO 3HaTb u(r) npH ManbiX r, TaK 
KaK '1'6q(r/y'2) - 4aCTb BOflHOBO~ ~yHK~HH 6q -CHCTeM~, 3aBHCRU4aR 
TOnbKO aT r, KoTopaR onpeAeneHa e o6nacTH Ae~cTBHR Kopa NN-cHn. 
Mo*HO AYMaTb, 4TO rayccoecKHe eonHoe~e ~YHK~HH YAa4HO onHc~ea~T 
cTpyKTypy RAPa SHe Ha cpeAHHX H 6onbWHx paccTaRHHRX Me*AY HyK
noHaMH H nnoxo pa6oTa~T Ha Man~x paCCTORHHRX, nOCKOflbKY He Y4H
T~Ba~T RCTpOBCKHe KOppenR~HH npH r ~ Q, na3TOMy 6yAeT none3HO 
Ha~TH APYrHe ~YHK~HH, KOTOp~e npH np04HX paBH~X ycnOBHRX XOPOWO 
pa6oTanH 6~ Ha Man~x paccTORHHRx. 

B pa6oTe 12s; npeAnaraeTcR ~eHoMeHonorH4eCKaR eonHoeaR ~YHK
~HR BHAa 

'l'(p, r) = N exp(-3a 2r2/2- 2a 2p 2)(l- exp(-~ 2r 11)) x 

2 ... ... 2 2 ... ... 2 
x (1 - exp [-~ (r/2 - p) ]) (1 - exp [ - ~ (r/2 + p ) ] ) , 

/49/ 

10 

rAe a"' 0,247 ~M-1 , ~ = 1 ,9 ~M - 1, npH TaKOM B~ope napaMeTpOB 
~opM~aKTop /40/ xopowo cornacyeTcR c F1 ,pacc4HTaHH~M e paMKax 
TpexTenbHO~ aaAa4H, TaKHM o6paaoM, MO*HO npeAnono*HTb, 4TO eon
HoeaR ~YHK~HR 'l'(p, f) COAeP*HT 3aBHCHMOCTb OT f Ha Man~X pac
CTORHHRX, onpeAenReMy~ B OCHOBHOM flHWb OAHO~ 4aCTb~ ~yHK~HH 

/50/ 

0AHaKO M~ AOfl*H~ e114e noTpe6oeaTb, 4T06~ B~6op ~YHK~HH THna /50/ 
He MeHRfl noBeAeHHR ~OpM~aKTopa .F12 npH MaflbiX q 2.npH 3TOM M~ 
nonaraeM, 4TO 3To noeeAeHHe e o6nacTH Man~x q2 xopowo onHc~eaeT
CR ~OPM~aKTOpOM, nony4eHH~M B npeA~AYU4eM pa3Aene C HCnOflb30Ba
HHeM npocT~x rayccoecKHX ~YHK~H~. HTaK, 6yAeM Bbi6HpaTb u(r) 
B BHAe 

/51/ 

rAe 3Ha4eHHe ~ coxpaHReTCR TaKHM, KaKHM OHO AaeTCR pac4eTaMH 
C npo6HO~ ~YHK~He~ /50/, TO eCTb ~ = 1 , 9 ~M -l, a napaMeTp y 

2 nOA6HpaeTCR TaK, 4TOO~ ~OpM~aKTOP .F12 npH Man~x q COBnaAan 
C TeM, 4TO AaeT /28/ /3TO npHBOAHT K 3Ha4eHH~ y "', 0, 71 ~M - 1, 
eM. pHc.2, KPHB~e 3,4/. H, HaKoHe~, K03~~H~HeHT N e~6HpaeTcR 
H3 ycnOBHR HOPMHpOBKH ~YHK~HH /51/. Ha PHC,5 npHBeA&H~ pac4eT~ 
I.F 1. e~nonHeHHble e paMKax paccMaTpHeaeMo~ MOAenH. PeaynbTaTbl 
'"'v ~lkt\a ~u",..,.." no,.. L ••.... 5 .. r:~~=:~~~:.~!~ :: :-;:;.~:, .. ~~: :: ::.,:;.~ ~ ;-";~\:Mi;.;MJ"i.i,\--::i~ t:ra~,:;.~J~~; 
~~-~~~~;$~~e~~~~··~aK*e HrpaeT onpeAenR~y~ ponb, 6/ BTopo~ 
MHHHMYM OCTaeTCR, B/ COrnacHe C 3KCnepHMeHTaflbH~MH AaHHbiMH ~ _

1 YAaeTCR nony4HTb B TO~ *e o6nacTH nepeAaHH~X HMnynbCOB q< 6 ~M , 
r/ A06aeneHHe 9q-npHMeCH B OCHOBHOM TaK*e CABHraeT MHHHMYM 
B o6naCTH MeHbWHX q2 /cp, C pHc,4/, 

IF (q ll 

1(f 

6 

OcTaHoBHMCR .KpaTKO Ha peaynb
TaTax aHanHaa ~opM~aKTopa SHe 
e paMKax APYrHx noAXOAOB 124,251 , 
Y4HT~Ba~HX KBapKOBY~ CTpyKTYPY 
RApa. TaK, e pa6oTe 1241 npeAno
naranocb, 4TO .Faue"' F1 + c9qF9q, 
rAe F 1 - o6~4H~~ TpexTenbH~~ ~opM

~aKTOP 1121, a .F9q - QOPM~aKTOP 
AeBRTHKBapKoeo~ CHCTeM~. B pa6o
Te /25/ K HHM A06aBHflH e114e c6qF6q • 
npH 3TOM B OOOHX nOAXOAaX npe
He6peranocb HHTep~epeH~He~ HyK-

PHc. 5. CllopM!PaKTop HAP a sHe, pac
c~HTaHHMfi Ha OCHOBe peanHCTH~ec
KHX BOnHOBhlX ~HK~H HYKnOHOB B 

I Fe H F12 • 
I 
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0,07 - 0,085 
0,13-0,14 
0,02- 0,125 
0,003- 0,03 
0,01 - 0,02 

0,08 
0,055 

-0,07 
0 

0,003 
0,002 

-0,002 
-0,015 

Ta6nH~a 

JlHTepaTypa 

/4,16,19,26-28/ 
/9,32,33/ 
/3,16,20, 29-30/ 
/34,35/ 
/5,6,35/ 

/3,16,25/ 
/13/ 
/25/ 
/24/ 

noHHoro ~ KBapKos~x KaHanoa. TorAa oKaaanocb, 4TO cornac~e 
c 3Kcnep~MeHTanbH~M~ AaHH~M~ MO*HO nony4~Tb, ecn~ npeAnono*~Tb 
OT~~~aTenbH~H 3HaK Y Ceq ~ Cgq,np~ 3TOM B F 888 0TCYTCTByeT BTo
po~ M~H~M~. Ha ~3~Ke aonHoB~x ~YHK~~I1 3To 03Ha4aeT, 4TO sec 
6q- ~ 9q-np~Mecel1 AOn*eH 6~Tb OTP~~aTenbH~M, TO eCTb c: ~ 
c2< 0 /eM. Ta6n~uv/. CnaAH~RaR ~T~ nnnxnn~ r narrMnTnPHH~M 3 - . . . . . . . 
B AaHHOH pa6oTe, HeTPYAHO 3aMeT~Tb, 4TO OTP~~aTenbH~H 3HaK Ce q· 
nonpOCTy ~M~T~pyeT BKnaA ~HTe~epeH~~~ HyKnOHHOrO ~ WeCT~KBap-

KOBOrO KaHanoB /eM. /34//. 4TO *e KacaeTC~ OTP~~aTenbHOrO 3HaKa 
c 9q, To no Haw~M npeABap~TenbH~M o~eHKaM nony4anocb, 4TO BKna
AOM F 18 + F23 B Fs8 , MO*Ho npeHe6pe4b, Ho TOrAa <llOPM<IlaKTOP 
9q-c~CTeM~ AOn*eH BXOA~Tb 06R3aTenbHO C nono*~TenbH~M BeCOM 
c;. 0KOH4aTenbH~H *e OTBeT Ha 3TOT BOnpoc MO*HO nony4~Tb TOnbKO 
nocne 4~cneHH~x pac4eToB F 18 ~ F 28 , KOTop~e TPYAHO a~nonH~Tb 
BcneACTB~e 6onbWOH MOAenbHOH HeonpeAeneHHOCT~ 3aAa4~. 

M~ np~aen~ Ta6n~~Y. rAe co6paH~ AaHH~e no aepo~THOCTRM 
cy~ecTBOBaH~~ MynbT~KaapKoa~x KOH<Il~rypa~~l1 a RApax 2o, SHe, no
ny4eHH~e a peaynbTaTe aHan~aa ynpyroro 18·6, 19, 20, 24· 31/ ~ rny-
6oKoHeynpyroro pacceRH~~ 3neKTPOHoa 13,181, AaHH~x no KyMyn~T~a
HOMY PO*AeH~~ 4aCT~~1181 , a TaK~e COOTBeTCTBY~~e pac4eT~ Mynb
T~KsapKOB~X np~MeCeH B ~Apax Ha OCHOBe KBapKOB~X MOAe
neH /16, 82· 8e/. B~AHO, 4TO 3Ha4eH~~ 3T~x aepo~THOCTel1 xoTR ~ no
ny4eH~ Ha OCHOBe pa3H~X AaHH~X, HO Ka4eCTBeHHO cornacy~TC~ 
APYr c APYrOM. HcKn~4eH~e cocTasn~~T peaynbTaT~ aHan~aa ynpyroro 
e 8He -pacce~H~R B paMKaX MOAeneH 124,26/, rAe aBTOp~ OCTaBn~~T 
nony4eHH~I1 np~ x2 -aHan~ae OTP~~aTenbH~I1 3HaK ceq ~ c9q • 
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3. 3AKJ1104EHYIE 

YITaK, aHan~a ynpyroro 8 He-pacceRH~R noKaa~saeT, 4TO: 
1. YIHTep<!lepeH~~R HYKnoHHoro ~ wecT~KsapKosoro KaHanos ~rpaeT 

secbMa cy~ecTseHHY~ ponb np~ on~caH~~ <llOPM<IlaKTopa SHe np~ 6onb
w~x nepeAaHH~X ~Mnynbcax. 

2. Y4eT 6q -np~Mecel1 a sonHosol1 <llYHK~~~ 3He np~BOA~T a ~enoM 
K yny4weH~~ cornac~~ c 3Kcnep~MeHTanbH~M~ AaHH~M~ so scel1 o6-
nacT~ nepeAaHH~X ~Mnynbcos snnoTb AO q < 6 <liM - 1 /no cpasHeH~~ 
C 4~CTO RAePH~M~ MOAen~M~/. -

3. B pacc4~TaHHOM IF 38 I a o6nacT~ q - 7-;- 8 <liM - 1 ~MeeTcR BTo-
~ ~ e 

po~ M~H~MyM, KOTOP~~. B~A~MO, CBR3aH C Han~4~eM TaKoro M~H~MyMa 
a <llOPM<IlaKTope IF11, B~4~cneHHOM a paMKax TPeXHYKilOHHOH aaAa4~. 

4. AnR 6onee onpeAeneHHoro B~BOAa o xapaKTepe MHoroKsapKo
B~x np~Mecel1 a 3He Heo6xoA~Mo: a/ 6onee AeTallbHO 3Kcnep~MeHTanb
Ho ~ccneAoBaTb Fs88 np~ q- 7 + 8 <llM-1, 6/ YT04H~Tb B 3Tol1 *e o6-
nacT~ q pac4eT~ .F 1 B paMKax TpexTenbHOH 3aAa4~. Y4eT BKnaAa 
9q -np~Mece~ B ~OpM<!laKTOp3He Heo6XOA~MO AellaTb C BKn~4eH~eM 
~HTep~epeH~~~ HyKilOHHoro ~ 9q -, a TaK*e 6q- ~ 9q -KaHanos. Mo*Ho 
KOHCTaT~pOBaTb, 4TO AnR RAep 20, 3He npoBeAeHH~e ~3MepeH~R <I!OpM
<!laKTOpOB e~e He•AOCT~rll~ aC~MnTOT~4eCKO~ 06IlaCT~, 4T06~ MO*HO 
6~110 nPRM~M o6paaoM ~cnonb30BaTb npas~na KsapKosoro c4eTa. Yl 
Aallee, B npeAaC~MnTOT~4eCKOH 06IlaCT~ paC4eT~ <!lOPM<!laKTOpOB OKa3~
sa~TCR BeCbMa Kp~T~4H~M~ K B~6opy napaMeTPOB MOAene~ MHOro
KBapKOB~X c~cTeM, npo~eAYPe penRT~a~aau~~ ~ T.n. nocneaHee 
06CTORTenbCTBO MO*HO ~CnOilb30BaTb KaK apryMeHT AllR OT6opa TeX 
~n~ ~HbiX nORBnR~~~XCR B nocneAHee BpeMR B <ll~3~Ke 3IleMeHTapHbiX 
4acT~~ MOAelle~ KBapKoB. B 3TOM nnaHe ~ccneAoBaH~e RAePH~x npo
ueccoa np~ 6onbw~x nepeAa4ax ~Mnynbca oKaa~aaeTCR ~HTepecH~M 
He TOnbKO AllR KBapKOBO~ RAepHOH <ll~3~K~. 
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HET RH nPOBEROB 8 BAWEA BHBRHOTEKE? 

8bl MOJI(eTe DOJIYIIMTb DO OOliTe nepeiiMCJieHHble HMJI(e KHMrM, 

eCJIM OHM He 6b1JIM 38K838Hbl paHee. 
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