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O.B. A6riHHOB, B.C.BapameHKOB 

CE'lEIDfH PAC(UETIJIEIDfH JIErlillX 8,1.\EP 

BHCOK03HEPrETM'lECKHMtt TIPOTOHAMH 

8&J'IHO•TeXHH11eCK8SI 
6a6naoreKa 

OHSIH 



H aCTOHlllaH pa6oTa HBnHeTCH rrpoaomKeHueM pa60Tbl / l / ll IlOCBHllleHa 

uayqeHUIO B03MOMHOCT9ll KaCK8.ClHOll MO.[lenu B npuMeHeHllll K o5naCTll nerKUX 

H,Clep. 

Oco5h!ll llHTepec 3.[leCb rrpe.ClCTaBnHIOT pacqeTbl ceqeHllll o5pa30B8HllH 

CTa5unbHbIX ll H9CTa5unbHbIX ll30TOIIOB pasnuqHbIX OCTa ToqHbIX H,Clep. TaKue 

pacqeTbl BaMHbl .[lnH PH.Cl8 rrpuKna.[lHbIX 38,[laq H,ClepHOll <pll3HKll (rrpo5neMbl, 

,[l03UMeTpmr, COCTaB KOCMuqeCKllX nyqeu ll T • .Cl.) • 

Oco5eHHOCTb pacqeTa pacmenneHllll nerKUX H.Clep COCTOllT B He05XO,[lll

MOCTll yqeTa a -KnacTepoB 
111 

ll B TOM cpaKTe, qTo 3.[leCb COBeprneHHO He

npuMeHHMa 06b1qHaH TeopuH ucrrapeHuH, ucrronbayeMaH anH pacqeTa xapaK-. 

TepUCTllK. Hll3K03HepreTuqecKOll KOMIIOHeHTbl BTOpllqHblX 'I8CTHU H CBOHCTB 

OCT8TO'IHbIX H.Clep, o5pasyJOUlllXCH Ilpll pa'?merrneHllHX cpe.ClHHX H TH)l{enbIX 

H,Clep /2/. 8HepPllH B035y)K.Cl9HllH nerKnx. OCTaToqHblX smep, KaK rrpaBnno, 

CTOnb BenuKa, qTo ycnoBUH npuM0HllMOCTll 3TOH Teopllll OK83b!B8!0TCH rron

HOCTb!O HapyrneHHb!Mll. 

a Harn pacqeT 5hrn BhIIIOnHeH B ,[(Ba 3Tarra: ,[lnH K8)K,[l0PO 8KTa rrpoTOH

H,ClepHoro B38llMO,[leHCTBllH M9TO,ClOM MoHTe-Kapno crmqana paccqHThIBanacb 

KaCK8.ClH8H CT8.ClllH npouecca ( rrpu 3TOM 5hinll llCIIOnb30B8Hbl B TOqHOCTll Te 

)1(9 rrpu5nU)K9HllH, 'ITO ll B pa6oTe /l /), 3aTeM C IlOMOlllblO CT8TllCTll'I9CKOll 

TeopllH ct>epMll /3( paccquThIBancH pacrraa B035y)K,Cl9HHOPO OCTaTOqHoro H,Clpa. 

BepoHTHOCTb pacrraaa H.Clpa c rronHoH aHepruen E Ha n BTopuqHhIX 

qacTHU- (H.ClpO OCTaTOK rrnroc HyKnOHbI, H,Clpa TPHTHH, 
3 He , 4 He ll T.a.) orr

peaenHeTCH COOTHOlli9HlleM 
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n 

W ( E) V n-1 n ( n = [--] 1=1 2J1 

(211 )3 G n 

+ 1) 
P ( E ). 

n 

311ech V =±.IT r
3 

A npocTpaHCTBeHHhii1 061,eM pacna11a10merocS1 SI/lpa, 
3 0 

A -MaCC0B0e 1111cno 9T0I"0 Slllpa, a r O - IlOllI"OHO'lHblll napaMeTp, KOTOpblll 

B ll8HHbIX 
-13 / 

pac'leTaX 6hm BbI6paH paBHblM 1,4•.10 CM x ; 
N 

J1 - ClllIH BTO

pH'lHOll 'laCTHUbl; G = n nk I 
n k=1 

- ¢aKTOp T0)K/l8CTB8HH0CTH (11nSI N 

copTOB BTOpH'lHhlX 'laCTHU); n 

(2 )K+ 1 n M s/2 
p ( E) = 1T ( 1=1 I ) T K -

n Kl 1M 0 
/,:"! 1 

9HepreTH'l8CKHll B8C I 41; K = ~ n -1 
h 

T =E- l M • 
0 . 1=1 I/ 

M 
1
-Mac-

ca i -oii BTOPH'lHOll 'l8CTHUbl, 

Tip!i paC'leTe Y'lHTbJBanHCb BCe B03M0)KHbie KaHanhl pacnana ll8HH0I"0 

Boa6y)K11eHHoro SI/lpa. KaHan k C'lHTBnCSI B03MQ)KHbIM, ecnH 9H8pI"HSI TO 

npeBbllllana KynoHOBCKYIO 9H8pI'lilO OCTa TO'lHOI'O SI/lpa Ii H81iM8HblllYIO 9HepI'HIO, 

Heo6XOllHMYIO 11nSI OTpbIBa OT "nocneKaCK81lHOI"O" Sillpa 0/lH0I"O np0TOHa nnH 

ueiiTpOHa. KaK OT11enbHbie Ka1:anhI _paccMa TpHBanHCb pacna11b1 C o6pa30I;l8HH9M 

B036y)KJl8HHOI'O Sillpa. 3Ha'leHHSI napaMeTpOB T8KHX Sill8P 6binli B3SITbl H3 pa6o-

/5/ 
Tb! ; npH 9TOM, KBK Il0Ka3anH paC'l8'fbI, BKna11 BblCOKOB036y)K/l8HHblX COCTOSI-

Hlill OK83bIBaeTCSI B8CbM8 He6onblllliM, 

3aMeTHB Tenepb, 'ITO npH pacnane "nocneKacKallHoro" SI11pa c·opTa a ' 

c aHeprHefi E o6paayeTCSI 

N (E)=:ln W(E)/:lW (E) 
xa I xi I k k 

SI11ep copTa x n xi -11ncno S111ep x , 06pasy10llin:r..c S1 B _KaHane ), nony-

'IHM 11nS1 nonH0I"O 1111cna Sill8P X 

Bcex SI11ep copTa a , aHa'leHne 

, o6paaoBaBlllHXCSI B peaynbTaTe pacnana 

N = n J N ( E) d E, 
xa · a E xa. 

rne n -1111cno S111ep a . 

xi 
Ecm-1 C'U!TaTb, '-ITO o6beM CIWbHOB036y;KA8HHOi1 CHCT8Mhl nyKnOHOB, KLIKO-

Boil ,rnnsreTCH OCTaTO'-IHOe HApO, paBeH cyMM8 06beMOB HyKnOHOB, TO Anst 

'a cneAyeT Bl.>16paTb TO )1<8 3H8'18HHe 'a =l ,4•l0- 13
cM, '<!'TO H B TeOpHH 

<PepMH AnH MHO>K8CTBeHHoro pO>KAeHHH _'-laCTHU B N-N CTonKHOB8HHSIX. 

4 

,,. 

! 

"· 

Ce11ettne o6pasoBaHnSI S11lep copTa x 

a 
X 

rrR
2

-
1
- :lN 

N a 
xa• 

I")le R -paJlHYC SI1lpa-M1Illl8HH, a N -nonHoe 'lHCno Il8)l8IOIDHX npoT0H0B. 

Ha pHC. 1 IlpHB81l8Hbl Bbl'lHCneHHhie 3Ha'l8HHSI nonuoro ce11eHHSI Heyrrpy

roro B38HM01l8HCTBHSI p + 
12 

C , ilnSI cpaBHeHIISI T8M )K8 Il0K838Hbl peaynb

T8Tbl, nonytieHHbie C Il0MOII]blO OllTH'leCK0H M011enH 181 • TeopeTli'IeCKHe KpHBble 

cornacyIOTCSI M9)KllY co6oi1 Ii C H3BeCTHblMH 9KCilepHM8HTanbHbIMH T0'lKBMH, 
0 ,· 

CornacHe C 0ilblT0M HM98T MeCTO H 11nSI Ce'leHHH Bb!X0)la 0T)lenbHbIX 

SI11ep, 'ITO nnnIOCTpHpyeTCSI pnc. 2 II 3. (TipHBelleHHble Ha 9THX pncyHKaX 9K

cnepHMeHTanbHbie ll811Hble B3SITbl 113 pa6o:r 17- 211 ). 
H aHny11lllee COI"l/BCHe Ha6n1011aeTCSI B o6naCTH T = 200 ~ 500 MaB, TI pH 

,60nhlliHX 9H9PI'HSIX CyllieCTBeHHbIH BKna11 )lalOT npoueCCbl Me30H006pa30B8HHSI, 
. . 

K0T0pb!e B ll8HHOM cny11ae He Y'lT8Hbl. Tip!i M8HblllHX 9HepI"HSIX M0)KH0 Q)KH-

11aTb 3118'lHTenbHOI"0 BnHSlHHSI s¢¢eKTOB, CBSI3811Hb!X C JlH¢¢y3HOCTblO Sil19PH0H 

rpaHHUbl, 3TH B0ilp0Cbl ceii:11ac nccne11y10TCSI. 
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Pac. 1. nonuoe ce"!eune neynpyrax B3aHMOAeiicTBHii P + C ( B Manna6apuax). 

CnnowHaH KpHBaH - peaynbTaT KaCKaAHOI'O pac"!eTa; nyHKTHP - pac
"!eT no onTH"!ecKoii MOAena, 
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