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.3He. 4He B aapRAOB~X ¢opM¢aKTopax 

3aHO, 4TO BKnaA MHOrOKBapKOB~X npHMeCeH B RAePHOH 
¢YHK~HH npORBnReTCR B 3He, 4He -¢QpM¢aKTOpax npH 
f3B/c/~B pac4eTe Hcnonbaoeanacb MOAenb penRTH-. 
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HaMepeHHR ¢opM¢aKTopoe ner4a~w11x RAep 2D , 3He , 4He npo
BeAeHw npH 6onbWHX nepeAa4ax HMnynbca q 2 >1 /r3B/c/ 211 ~3To 
3Ha4HT, 4TO 3neKTpOH npOHHKaeT B 04eHb Manbl~l 06beM npOCTpaH
CTBa C paaMepaMH nOPRAKa 

r "'1/q = 0,2 C\>M, 
rAe, no COBpeMeHHbiM npeACTaBiieHHRM, AOnlKHa npORBnRTbCR KBapKO
BaR CTPYKTypa RAepHo~ MaTepHH. CornacHo 3THM npeAcTaeneHHRM 
npH aCHMnTOTH4eCKH 60nbWHX ne- 10o , , 

peAa4aX ¢opM¢aKTOpbl HMeiOT CTe- !,...¥ • ~ n • ~ 2 1 
-- -1 HOH n = 

neHHOe noBeAeHHe /npaeHna Keap- 10 ' 
Koeoro c4eTa 72/ I: , 

(q 2)N-1FN(q 2) = C ~, /1/ 

rAe N - 4HCnO COCTaBnRIO~HX 
CHCTeMy KBapKOB, a KOHCTaHTa 
C ~ xapaKTepHayeT sec N-Keap
Koeo~ KOH¢Hrypa~HH B nonHO~ 
BOnHOBO~ ¢YHK~HH CHCTeMbl /S/. 

Ha puc .1 noKaaaHo, KaK Bbl
nonHReTcR COOTHOWeHHe /1/ npH 
q 2 >1 /r3B/ci 2 AnR aAPOHoe 
H ner4a~wHx RAep. BHAHO, 4TO 
AnR ~e~TPOHOB MW TOnbKO nOA
XOAHM K aCHMnTOTH4eCKO~ o6na
CTH, a AnR RAeP 3He 11 4He OHa 
e~e He AOCTHraeT-cR. 6onee TO
ro, onpeAeneHHe BKnafa N
KBapKOBO~ npHMeCH C N 3aBI1CHT 
OT xapaKTepa annpOKCHMa~HH 
¢opM¢aKTOpOB B npeAaCHMnTOTH-
4eCKO~ o6nacTH nepeAa4. B pa-
6oTe 131 6bmo noKaaaHo, _4TO 
ecn11 AnR Ae~TpoHa B3RTb an
npoKCHMa~HH BHAa 

F 1 (q2 ) =(1+q 2/36m~)-5 
, /2/ 

FII(q2) =(l+q 2/m~)-1 F ~ (q2 /4),/3/ 
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npoTOH, 0=3 

He~TPOH, n=3 

3He, n·9 

2 3 4 5 6 

q 2 /r3B 2/ 
FUc.l. 3aeHCHMOCTb 3KcnepHMeH
TanbHWX 3apRAOBbiX ¢opM$aKTOPOB 
nHOHa,npoToHa, He~TPOHa, Ae~T

poHa2RAep 3He, 4He ,yMHOlKeHHbiX 
Ha (q ) n- , OT cr . JlHHHH npoBeAe
HW no T04KaM. 
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rAe mQ= 0,28 raB, m~ =0,28 r3B 2, F n- $OpM<!JaKTOP HYKilOHa, TO 
Ail~ COOTBeTCTBY~~~X np~Mece~ nOily4aeM CileAY~~~~ pe3yilbTaT: 

C~q{I) =2-o-4-10-2
, C~q(ll) ::12-o-15-10-

2
• /4/ 

3TOT np~Mep noKa3WBaeT, HaCKOilbKO aamHW paC4eTW <!JOpM$aKTOPOB 
B KOHKpeTHbiX MOAeil~X, KOTOPble AaBail~ 6bl npaB~IlbHOe noBeAeH~e 
~x a ac~MnTOT~Ke /1 I, ~, KPOMe Taro, nossoil~Il~ 6br on~cbraaTb 
npeAaC~MnTOTH4eCKy~ 06IlaCTb no q. 

H~me Mbl ~CnOilb3yeM Ail~ 3TO~ l.leil~ MOAeilb, B KOTOpO~ nonHa~ 
aonHoaan <!JYHKLI~R RAPa A npeAcTaanneTcn a cneAy~eM a~ge: 

A 
'PA=C11/11 +C21/12+ ... = ~ Cklj!k' 

k = 1 

3AeCb 1/1 1 eCTb OgH04aCT~4HaR <!JyHKLI~R: 

.p = f (rCllr(l)r (1>) if; (rC2lr (2)r(2)) f (i'CA)r(A)i' CA) 
1112 3 2123 "'A123 

/5/ 

!6! 
-+(j) 

rAe r i - KOOPA~HaTbl I<BapKOB i = 1,2,3, COCTaBJlR~~~X HYKilOH j. 

B <!JyHKLIHflX 

,1, = .1. (r ... (1) ~ (2) ) ./. (r-+(3)r-+ (3); (3)) ,;: (r-+(A)-+r (A) ... r (A)) 171 .,.. 2 '!-' 12 1 ... 3 '!-' 3 1 2 3 "' '!-' A 1 2 3 ' 

,,, . - ,;: (-+r (1) r-+ (3)) ;r; ( ... r (4)r-+(4) r-+(4)) ,;: (r ... (A) ... r (A) -+r (A)) /8/ 
'1-' 3 - '1-' 123 1 "' 3 .,.. 4 1 2 3 "' '1-' A 1 2 3 ' 

,1, = ;;; (-+r ( 1) -+r (kh ,7, (r-+(k+ 1tr (k+l)-+r (k+ 1)) .Z (-+r (A) ... r ( A)r (A l./9/ 
'~-'k '~'12 ... k 1'"3')'!-'k+1 1 2 3 '"'~-'A 1 2 3'J 

Y411TWBaeTC~'B03MOmHOCTb KilaCTepH3al.l~~ KBapKOB: ABYM HYKilOHaM 
HaXOA~TbCR B 6q -cOCTORH.~H /7/, TpeM HYK!lOHaM -a 9q -cOCTO~H~H 
/8/ ~ T.g. Beag~ Koopg~HaTw AKo611, np11aog~M s OCl.IHil!lRTOPHOM 
6aSHCe BOJlHOBble <!JyHKLI~~ 11MHOrOKBapKOBWX KJlaCTepOB 11 /¢lilYKTOHOB/ 
3q -COCTORH~r:1 /HyKilOHOB/ f 1, 6q-COCTORH~r:i f 12 Y1 T.g. K cne
AY~~eMy BHAY: 

f1 c7Cf> ;~1>; ~1> > = ¢1 c"R(l>> <tJ 1 <{ (1>; cr> >. /10/ 

- ... < t> ... <k> -+ct...k) t<t> ... Ck>... ... 
.Pt ... k(r 1 ... r 3 ) =¢1 ... k(R ) •fl1 .. }~ ... 71 t12 ... tl...k-l,k)./ 11 / 

-+( 1. .. k) 
rge R - Koopg~HaTbl l.leHTpa TnmecT~ k -Taro ¢IlYKTOHa, co-
gepma~ero 3K KBapKOB, a .;TJt - OTHOC~Te!lbHble KOOPA~HaTbl 
KBapKOB BHYTP~ Hero. <!JyHKLI~~ AB~meH~R LleHTpa TRmeCTI1 <!JilyKTOHa 
c/Jl...k B 0Cl.I~1Il!l~TOPHOM 6a3~Ce MOmHO npegcTaB~Tb B B~ge npo~s
aegeH~~ OAH04aCT~4HbiX <!JYHKLI~H HyK!lOHOB 

2 

) 

k 
¢ l ••• k = ¢ 1 • /12/ 

Mw 6yAeM 0606~aTb 3TO COOTHOWeH~e, BBOA~ <!JeHOMeHOilOr~4eCKY~ 
nilOTHOCTb pacnpeAeileH~~ 3ap~Aa T04e4HbiX HyKilOHOB ~Apa, B3~Ty~ 

~3 aHailH3a <!JOpM<!JaKTOPOB 3IleKTPOH-~AePHOrO pacce~H~~ np~ OTHO
C~TeilbHO He60ilbW~X ~MnyilbCaX - AO nepaoro M~H~MyMa <!JopM¢aK
TOpa. TaKa~ nilOTHOCTb 6Il~3Ka K rayccoacKo~, TaK 4TO 

2 - k 1¢ 1...k I - p (R) • /13/ 

C BBeAeH~eM nOAOrHaHHO~ nag 3KCnep~MeHT nilOTHOCT~ p B KaKo~
TO Mepe Y4~TbiBaeTC~ np~Hl.l~n nayil~ B HeaHT~C~MMeTp~30BaHHO~ 
nOilHO~ <!JYHKLI~~ /5/. 

4TO KacaeTC~ OnpeAeileH~~ K03<!J<!J~l.IHeHTOB np~Mece~ Ck MHOro
KBapKOBbiX COCTO~H~~ B ~~pHO~ ¢YHKLI~~ /5/, TO, nOilara~ C1»Ci>> .... , 
~3 HOPM~poaK~ noily4~M C 1:::1. OcTailbHWe C k ~BilRIOTC~, aoo6ute 
roaopn, napaMeTpaMH. Hx, ogHaKo, MomHo pacc4HTaTb, saAaaan 
ypaeHeH~e Ha BOilHOBy~ <!JYHKLI~~ /5/ ~ B3a~MOAe~CTBHR KBapKOB 
H HYKilOHOB. noKa TaKy~ 3aAa4y ygailOCb BWnOilH~Tb Il~Wb gnR Ae~T
poHa !41, a Ail~ 6oilee T~meilwx ~AeP noily4~Tb TOilbKO Ka4ecTaeHHble 
Ol.leHKH 1~1. MomHO, OAHaKo, napaMeTpi130BaTb ck c nOMO~b~ tl>OPMYilbl 
Ail~ aepO~THOCTH HaxomgeH~R k HYKilOHOB ~gpa 8 06oeMe Koppeil~l.l~~ 

V {; = : 11r ~ /a o6oeMe ''<llilYKTOHa"/: 

2 A V {; k-1 N Z A -1 1 
Ck =(k) (-) Bk; Bk=(k_)(k )( k) -, /14/ 

. AV0 n p Z 

rAe B k Y4HTb1BaeT H30TOnH4eCK~H COCTaB ¢IlYKTOHa C k n Hei71TpOHa
M~ ~ kp npoToHaMH. 3AeCb Vo=a"rJ, r 0 =1 ,2 c!>M. Hs aHail~sa 

KYMYilRT~BHbiX npot.~eccoa paHee 6biilO noily4eHo r {; = 0, 75 <llM 
161

• 
noACTaBil~R /5/-/14/ B onpeAeileH~e sap~AOBoro $OpMcj>aKTOpa 

~gpa 

FA=~ 
ij 

e <.i} I I'P 1
2 e tCit oCr-~ .<n> drn dr <i>, 

I A I ij [ 

rge /H - sap~gbr 
I 

A 2 
FA=~GkFk. 

k==l 

KeapKoa, noily4aeM BbrpameHHe 

/15/ 

/16/ 

3,qecb HS-sa <!JaKTOp~3al.IHI1 /10/, /11/ <!JopM<!JaKTOPbl <!JilYKTOHOB .np~
H~Ma~T B~A 

Fk=F~FkFkq=F\Fkq' /17/ 
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- -+-+ ... 

F k = f p k exp (i k R) dR , 

->(1) .... 
F ~- = fl<llt...k(,; ••• t 1 ..• k-1, k 

/18/ ............ 
2 lq(,;7J tl ........... )J e d(,;7Jtl. /19/ 

C10.qa BXOART F k - ¢opt4¢ai<Top fiBI1»!eHI1R L\CHTpa t.-lacc 1: -Toro 
~~IJYI(TOHa 11 F~ - co6cTBCHHO ¢opM¢laKTop HHoroKoapiCOBOH CI1CTC~1bl. 
rlpHCYTCTBI1C IIMWHI1X nepeMeHHbiX 13 R.QCPHOH <!JYHKL\1111 /5/ npi1BCIJO 
IC HC06XO.Q11MOCTJ:1 BBeCTH nonpaaKy Ha AB11lKeHI~e L\CiiTpa /4acc ¢IJyK-

q'lz2 
1"0Ha F :=oxp[ 4A~.napaMeTp aA onpe.qeiJReTcR a pe3yiJbTaTe cpao-

HCHI1R /17'/ C 113BCCTHLIMI~ 113 3KCnepi1MCHTa ¢10pM<!JaiCTOpaMI1 HYKIIOHa, 
3

He 11 
4

He np1-1 k = 1 a o6nacTI1 HaTlbiX q 
2

• tcor.qa t-IO>KHO nOIJb3oaan.
CR raycCOBCKOH nTIOTiiOCTbiO p =Po• 3TO AaeT 

2 2 
q aA k 2 A 2 2 

Fk=exp[-~(1-A)]; aA= ""A'=T(bA-ap)' /20/ 

2 2 2 . 2 
r.qe b 3 = 1,823 ¢M , b 4 = 1,86 CI>M , ap=0,59 ¢M. 

He He 
HHTep¢epeHL\110HHbiH 411eH B /16/ He BKIJI04eH 113-aa Ma110CTI1, 

o6yCIJOB11eHHOH .Q8YMR ¢aKTopaMI1. ~eHCTBI1TeiJbHO, OH nponOPL\110Ha-
11eH 11HTerpaiJaM nepeKpbiTI1R BOIJHOBbiX ¢YHKL\l1H BHYTpeHHero A811-
lKCHI1R .K8apK08, npi1Ha.Q11e>Kalll11X pa3HbiM ¢IJYKTOHaM: k 11 f. nocne.q
HI1e 11MCIOT pa3MCpbl r.; 11 paa.qeiJeHbl Cpe.qHeR.qepHbiM paCCTORHI1eM 

r 0 >r.; .Tor.qa 11HTerpan~l -~fpeKpbiTI1R, a 3Ha411T, 11 F ki nponopl\110-
ua·Jii::.Hbl · M"arioCTI1 (r.; /r0 ), 

3 
k • KpoMe Toro, a np11H411ne .QOIJlKHa npo

R8IJRTbCR OpTOrOHaTlbHOCTb KOMnOHCHT CI>YHKL\1111 /5/, COOTBeTCTByiO
Uli1X pa3HbiM KaHanaM Tl1na HyKIJOH-11306apa 111111 KaHaTlaM C pa3HbiMI1 
KBaHT08biMI1 41-lCIJaMI-1 CKpbiT()rO L\BCT.;I, 4TO npHBO.Q11T K .QOnOIIIiHTCIJb
HOH MaiJOCTI1. nocKOIJbKY, O.QHaKO, TaKI-Ie KOMnC>HeHTLI B /5/ RBHO 
He Bbi.QeiJeHbl, TO Yl<a3aHHbiH 3<!J¢eKT MOlKHO 4aCTI14HO Y4eCTb, BBO.QR 
no.qaaneHHe Ha MaiJbiX pacCTORHI1RX B COOTBCTCTBYIOlll11X ¢YHICL\I-IRX 
HYICIIOH-HYKTIOHHOrO .QBI-IlKeHI1R /KoppeiJRL\1111 fiCTpoaa/. npoae.qeHHble 
HaMI1 411CIJeHHb!e pac4eTbl nO.QT8eplK.QaiOT 113IJOlKeHHYIO apryMeHTal\HKi 
/eM. TaKlKe /7/ /. . 

Tenepb He06XO.QHMO HaHT11 ¢opM¢aKTOp /19/ MHOroKeapK080H 3k
CHCTeMbl F~ • B Ka4eCTBe 8011H08biX ¢YHKL\HH N-K8apK08biX COCTOR

HI1H 6y.qeM 6paTb COOTBCTCT8YIOUlHe peWeHHR pe11RTH811CTCKOrO oc
L\11II11RTOpHOro ypa8HCHI1R /B/: 

[ ~ p~ +K
2 ~ (x

1
-xi)

2
]CI>N (x

1 
•••• xN)=O, /21/ 

1=1 l>j=1 q 

a 1 · 
r.qe p 1 =i-.-, x - 4-11Mnynbc H 4-Koop.qHHaTa 

axl i -Taro K8apKa. 

Ypa8HeHI1e /21/ MOlKHO npHaeCTI-1 K 811.Qy 191 

4 

·I 
I 

.!1 

\~,I 

i ...... .,. 
it, 
I' 
tl 
II 

( P 2 - 2a £ a I+ a IJL ) C!l = 0, 
· N I =1 rp r N q /22/ 

3/2. 
rAe aN =N ·1c. a 

· 1 - 1 aN i 
al =--(yNp -i-=r ) 

lJl 2a N r(L yN JL /23/ 

Oblpa>KaiOTC.R 4epe3 OTHOCWfCIJbHLIC /1-11/·lnYTlbCLI 11 OTIIOCI1TCIJblibiC _ 
lt-JWOPAHHaTL.I ICOapiWB. 113-3a OblACIICIU1IJ rlOilllOro 11Mnyn bCa p =yNp 0 

11Mecto~ n=N-1 ncpet-~ewibJX. YpcHlHCHI1e /22/ pcUJ<lcTcn c 11Crl01lb3o
oaHI1CM AOnOIJHI-11 CJlbHoro ycnom1n Ta"u6amu11 110 ~ 4TO no3D011RCT 
OCTaBJlflTb TOTlbi<O COCTOflHH.R C nOJ10X(I1TCIJbliOH 3Heprl1ei1 I<BapKOD: 

aN n aN pJlpl' n .. 
<!>N (rl ••• rn,p)=(--) exp[ 2N (g/Lv_2--) ~r/Ilr~] 

q rrN M2 1=1 
Nq 

/24/ 
n aN a . Jl 11 

= n l-exp[~(gPV_2..E:...E._)rir II 
1=1 rrN 2N M 2 Jl v " 

Nq 

Tenepb 8MecTo /19/ 11CnOIJb3yeM onpe.qeneHI-Ie ¢opM¢aKTopa 8 penR
TI1BHCTCKOM CIJy4ae: 

. '<' I i 
2 * 1 n -Iq..:;. u1 r 1 n 4 1 4 n 

FNq(q )=J¢Nq(r ... r ,pout)e 1 CI>Nq(r ••• r ,p10 )d r •.•• d r 

/25/. 

/a.qecb He Y411Tbl8aeTCfl Cni1HOpHaR 4aCTb ¢YHKL\11H, 8KIJa.Q KOTOPOH 
s ¢opM¢aKTOP OKa3bJaaeTCR HecyllleCT8eHHbiM /eM.·, Hanpi1Mep, 191 I. 
Tor.qa, nO.QCTaBTIRR B /25/ <!JYHK4HI1 B 8H.Qe /24/, HaXO.Q11M 

n . 

F:"'FNq=i~1J(yi) • 

J(yi) =<:: )2 fexp[ ~N Kpvr~r~ -(y i)Jlr~]d4r i • 

Jl v 
KJlll =gpv_ PoutPout 

M2 
Nq 

Jl v 1 n i 2 
Pin Pin . (y 1)Jl =i u 

1
q Jl;. ~ (u 1) 

2 • 1 =1 M Nq 

126! 

/271 

n 

,N 
/28/ 

Bbi411C11RR 11HTerpanbl /2 7 I, 8 11Tore nony4aeM 8blpalKeHI1e .QIJR ¢opM
¢aKTopa. Nq -ci1CTeMbl 191 : 

1 N-1 q 2 
F = exp [ - -- • ] • 

Nq (l+q2/2MN1N-1 4aN 1+q2/2M ~q /29/ 
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3AeCb M 11MCeT CMbiCJl Maccbr Nq -ci1CTeMbl, OAHaKo era ecTecT

seHHO Bbr611paTb KaK napaHeTp. B Haw11x pac4eTax AJlR fiA~P 3 He 
11 4He y411TbiBaJlCFI BKJlaA B nonHyiO BOJlHOBYIO <IJYHK'-11110 TOJlbKO 6q-11 

9q -KQH¢11rypal..ll1i1. ,[IJlR 6q -KOH¢11rypai..II1H 3Ha4eHI1e Msq= 1 ,2 r3B 

B3RTO 113 pa60Tbl 191, rAe 6q- BKJlaA Y411TbiBaJlCFI B Aei1TpOHHOi1 BOJl-

HOBOH ¢YHK1..11111, 11 6brno nony4eHo xopowee cornac11e c ¢opHcflaKTopoM 

Aei1TpOHa np11 6onbwHx 11Mnynbcax q 2 > 1 /r3B/c/ 2 .TaKme Hai1AeH 

napaMeTp OCI..II1JlJlFITOPHOi1 CBfl3~1 KBapKOB K = 0' 1 r3B 
2, KOTOpbli1 

AaJl XOpOWYIO noArOHKy K ¢0PM¢aKTOpaM He TOJlbKO Ae~TPOHa, HO 

11 npoToHa. KpoMe 3TI1X napaMeTpos, HaM Heo6XOAI1MO 3HaTb e~e 

M9q = 1,4 r3B. OH HaXOAHJlCR npl1 cpaBHeH1111 c Bb!pameHI1eM AJlFI 

F gq• nony4eHHbiM B MOAeJll1 He3aB11CI1MbiX KBapKOB /ll!, KOTOpoe 

s npeAaCI1MnTOTI14ecKol1 o6nacn1 AaeT APyroe Hemenl1 /29/ noee

AeHI1e ¢opM¢aKTopon, OAHaKo np11 q 2 
->OO TaKme, KaK 11 BbrpameHI1e 

/29/, nepeXOA11T ~ <IJOpMyJly KBapKOBOrO C4eTa /1/.CpaBHI1BaR 11X 

B 3TOi1 o6naCTI1 q 2 ' nony4aeM M9q=1 '4 r3B. . 
nepsoe cnaraeMoe s ¢opM¢aKTope /1f./ - 3TO 411CTO RAePHbli1 

¢opM¢aKTOp, KOrAa HYKJlOHbf He npespa~aiOTCFI B MHOrOKBapKOBble 

KOH¢11rypa1..11111 Ha MaJlWX OTHOCI1TCJlbHWX pacCTORH11FIX. no3TOMY Fl 
B /16/ eCTeCTBeHHO BW6paTb TaKI1M, KaKI1M OH noJly4aeTCFI B 

T04HWX pac4eTax c 11cnonb30BaH11eM peani1CTI14eCK11X MOAenel1. AnR 
RAep 3ue 11 4He Mbl B Ka4eCTBe TaKOBbiX B3RJ111 pac4eTbl 113 pa6o
Tw112~rAe pewanacb COOTBeTCTBeHHO 3aAa4a· 3-x 11 4-x TeJl B paM

KaX ypaeHeHI1H ¢aAAeesa 11 RKy6oecKoro c 11cnonb30BaHI1eM peanM

CT114ecK~1x HYKJlOH-HYKJlOHHbiX noTeHI..II1aJlOB 11 C y4eTOM BKJlaAa 
Me30HHbiX 06MeHHbiX TOKOB. Ha puc. 2a~ 6 3TI1 Kpi1Bble 11306pameHbl 

wTpl1x-nyHKTHPOM. B11AHO, 4TO B o6nacTI1 6onbW11X nepeAa4 11Mnynb

ca q 2 > 1 /r3B/c/ 2 e TaKoM pac4eTe He AOCTI1raeTcR cornac11F1 

c 3Kcnepi1MeHTOM. Y4eT BKJlaAa e ¢opM¢aKTOP 6q-11 9q-KoH¢11rypa-

1..11111 no H3JlOmeHHOi1 BbiWe CXCMe noKa3aH nyHKTI1pOM. EcTeCTBeHHO, 

4TO 11X BKJlaA HaAO Y411TbiBaTb Jli1Wb B o6naCTH 60JlbWI1X nepeAa4 

11Mnynbca. TaK, Ha puc.2a~6 cyMMapHbli1 BKJlaA RAePHOrOI1 k=2,3-
¢opMcflaKTOpOB noKa3aH CnJlOWHOH Jli1HI1ei1, OH Ka4eCTBeHHO COOTBeT

CTByeT 3KCnepi1MeHTY. 0TMeTI1M, 4TO np11 MaJlbiX nepeAa4aX 11MnyJlbCa 

q 2 < 1 /r3B/c/ 2 n F lf"l1 F 3 -¢opM¢aKTopax AOnmHa npoRBnRTbCR 

CTPYKTypa, CBR3aHHaFI C pacnpeAeJleHHeM CaM11X c!JJlYKTOHOB C k=2 
11 k=3 B FIAPaX. 0AHaKO, nOCKOJlbKy B HaW11X pac4eTaX 11CnOJlb30Ba

JlaCb npocTei1waR rayccoecKaR p
0 

nnoTHOCTb AJlR nerKHX RAep, KOTO

paR He AaeT pa3MepHOro MI1HI1MyMa Aame B RAepHOM_¢opM¢aKTOpe F 1 , 

TO ecTeCTBeHHO'" 4TO H ¢JlYKTOHHbiC ¢opM¢aKTOpbr F k=2 3 KaK ¢ypbe- . 

o6pa3bl OT p ~ TaKme He 11MeiOT xapaKTCPHOrO pa3MepHOrO M11HI1MyMa 
B 3TOH o6naCTI1. 3TO MOmHO y4eCTb np11 6onee T04HOM pacCMOTpeHI111 

sonpoca. Aanee, yme OTMe4anocb, 4TO pacc4~1TaHHbre 3AeC b ¢opM
¢aKTOPW MHOrOKBapKOBWX CI1CTeM /29/ cy~eCTBeHHO OTJlH4aiOTCR 

8 npeAaCI1MnTOTI14eCKOH 06JlaCTI1 OT TeX, 4TO HaHAeHbl B MOAeJ111 
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Puc.2. 3aBHCHMOCTH ynpyrHX 3neKTpoMarHHTHbrx ¢opM$aKTopoe RAep 

3He /a/ 11 4He /6/ OT q, WTpHx-nyHKTHpHaR JlHHHR - ¢opM¢aKTOP 

B paMKax3-,4-TeJlbHOH 3aAa4H, nyHKTHpHaR- BKJlaA ¢nyKTOHOB C 

k=2.3, CnJlOUJHaR KpHBaR- CYMMapHbiH ¢opM¢aKTOp. 

'11 I . 2 . 2 
He3aBHCI1MbiX KBapKOB .· ·,11 B TOi1 o6JlaCTH cpaBHeHHR q > J /r3B/c/ , 

rAe HMeiOTCR 3Kcnepi1MeHTaJlbHWe AaHHble AJlFI RAep 3 ~e H 1 He, 
seAyT ce6R 3Ha4HTenbHo 6onee nnaeHo, 4eM /29/. Hcnonb3oBaHHe 

HX B HaweH CXeMe /c y4eTOM A8HmeHHR CaMHX MHOrOKBapK08biX 

KJlaCTepos-cflnyKTOH08 8 RApe/ He npH8eJlO K CKOJlbKO-HHfiYAb pa-

3YMHbiM pe3yJlbTaTaM, n03TOMy Mbl 3AeCb HX He npH80AHM·*, 0TMe-

THM TaKme, 4TO 8 pa6oTe 'lSI npHBOAHJlCFI paC4eT cj}opMtjlaKTOpa 3He 
B npeAnonomeHHH cy~eCTBOBaHHR TOJlbKO 9q-KoH¢Hrypai..IHH B BOJlHO-
BOH ¢YHK1..1HH RApa: 

F 3 =F 1 +aF 9 , 
He q /30/ 

rAe, KaK H y HaC, B Ka4eCTBe F 1 6b1Jl B3RT pac4eT TpexTeJlbHOH 

3aAa4~1 1121,a F9qpaCC4HTbiBaJlCR B MOAeJll1 He3aBf::ICI,1MbiX KBapKOB 1.11!, 
napaMeTp a nOArOHRJlCR 11 OKa3aJlCR paBHbiM a .::'-0,015 , 4TO no a6co

JliOTHOH senH4HHe 6onee, 4eM s TpH pa3a, npesblwaeT Hawe 3Ha4e

HI1e C ~ 

*TaKHe pac4eTw npoBOA11JlHCb c y4aCTI1eM B.H.AocTosanosa, 

KOTOpOMy Mbl BblpamaeM CBOIO 6narOAapHOCTb. 
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HTaK, nOABOAR HTOrH, MOmHO KOHCTaTHPOBaTb, 4TO AflR RAep 
2 

D , 
3
He, 4He npoeeAeHHble H3MepeHHR ¢opM¢aKTopoe el!le He 

AOCTHrnH aCHMnTOTH4eCKOH o6naCTH, 4T06bl MOmHO 61::1n0 npRMbiM 
o6pa30M HCnOflb30BaTb npaBHna KBapKOBOrO C4eTa, aanee, B npeA
aCHMnTOTH4eCKOH o6naCTH pac4eTbl ¢opM¢aKTOPOB OKa3biBaiOTCR 
BeCbMa KPHTH4HbiMH K Bbl6opy napaMeTpOB MOAenef1 MKOrOKBapKOBbiX 
CHCTeM, npo~eAype penRTHBH3a~HH H T.n. 3TO nocneAHee 06CTOR
TeflbCTBO MOmHO HCnOflb30BaTb KaK KpHTepH~ AflR OT60pa TeX HflH 
HHbiX nORBflRIOll\HXCR B nocneAHee epeMR B ¢H3HKe 3neMeHTapHbiX 
4aCTH~ MOAeneH KBapKOB. B 3TOM nnaHe HCCfleAOBaHHe RAePHbiX 
npo~eccoe npH 6onbWHx nepeAa4ax HMnyn~::ca oKa3biBaeTcR HHTepec
HbiM He TOfli::KO AflR KBapKOBOH RAePHOH ¢H3HKH, 
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