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1. BaeneHHe 

ITpH HCITOnh30BaHHH apeMH-nponeTHOH MeTOAHKH nnn 

TeneCKOITOB AnH perHCTpaUHH 3apH*eHHhlX 4aCTHU H8H36e•

HO llpHXOAHTCH CTanKHBaTbCH C Bhl6hlBaHHeM qaCTH qaCTHU 

H3 nyqKa B peaynhTaTe MHOrOKpaTHOrO KynOHOBCKOrO pac

CeHHHH Ha nepBhlX C4eT4HKaX. 

B ycnoa&SIX, Korna AnSI qncro reopeTH4ecKoro Bbi4HC

neHHSI TBKHX ITOTepb XapaKTepHCTHKH ITY4Ka H ~OKYCHpyiD
liiHe nyqoK MarHHTHhie nonSI onpeneneHhi HenocraroqHo, 

o6bi4HO 3KcnepnMeHTanhHO onpenenSieTcSI H3MeHeHne cqera 

a aaaHCHMOCTH or nononHHTenhHhlX paccenaareneil, rroMe

maeMbiX B6nH3H nepBbiX C4eT4HKOB CITeKTpOMeTpa. 0TCIDA8 

MO*HO pa3nH4HbiMH MeTOAaMH H8HTH O*HllaeMbiH C4eT 

6e3 pacceSIHHSI H Bhl4HCnHTb nonpaBKY H3MepeHHhlX crreKT
pOB 1J8CTHU. 

B HaCTOSiilleH pa6ore npennaraeTCSI MeTOAHKa orrpene

neHHSI TBKOH nonpaBKH, peanH30B8HH8SI B BHlle nporpaMMbl 

Ha Sl3biKe ~OPTP AH, a KOTOpoii: cqer 6ea pacce SIHH 51 

HBXOAHTCSI ITOArOHKOH TeopeTH4eCKOH ~YHKUHH perHCTpaUHH 

non 3KcnepnMeHTanhHO H3MepeHHoe H3MeHeHHe cqera qac

THU npn aaeneHHH nononHHTenbHhlX paccenaareneii:. Ecnu 
Me*AY C4eT4HKaMH HaXOAHTC51 •eCTKo¢oKyCHpyiDliiHH KaHan 
H3 MarHHTHhlX KBaApynonbHhlX nHH3 1 TO BnH51HHe MarHHT

HOrO rronH y4HTbiBaercH B xapaKrepncrnKax rrpocrpaH

craeHHoro pacrrpeneneHH51 nyqKa, a raK•e aaeneHHeM 

3~¢eKTHBHOH 6a3hl rrponera. ITocne onpeneneHHH, a peaynh

rare ITOllrOHKH, CB060llHbiX rrapaMeTpOB C llOMOillbiD rrpo

rpaMMbl Bbi4HCn51eTC5l HMrrynbCHa51 38BHCHMOCTb ITOTepb 

C KOpHAOpOM OWH60K. ITonb3Y51Cb 3THMH rrapaMeTpaMH, 

MO*HO Bhl4HCnHTb rrorrpaBKH An51 niD6hlX ApyrHX 48CTHU 

B TeX •e 3KCllepHMeHTanbHhlX ycnOBH51X, ~YHKUH51 pe
rHCTpaUHH crpoHTC51 no Merony Wrep.Hxeii:Mepa/2/. B pac-
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'!eTaX RCITOllb3yeTCH TeOpRH MHOrOKp8THOPO pacceHHRH 

MonHepa/3,4/ c yqeToM pacceHHHH Ha aTOMHhiX sneKT

poHax ITO <t>aHo/5 / • C ITOMOIIIbiO 9TOH nporpaMMhi Bhi

'IHCl!HliHCb nonpaBKR Ha pacceHHRe .onH H.oep 
2 H , 3 H, 

3 He R 
4 He B sKcnepRMeHTallbHhiX ycnoeHHX paoOTh/II. 

2. <t>YHKURH perHCTpagHH 

nycTb HMeeTCH .llB8 pa3HeCeHHbJX Ha oaae f C'!eT'IHK8 

C 1 H C 2' npH OTCyTCTBHH paCCe5IHH5I B C 1Ha C2 ITOIT8ll0 

Ohl NoqaCTHU. Bcne.oCTBRe KYliOHOBCKOro pacCeHHHH B cl 
~ 

cqeT yMeHblllaeTCH .oo 3Ha'!eHH5I N • OrHollleHHe 

No 
- =K 
N 

( I ) 

.oaeT rrorrpaBKY C'!eTa N Ha pacceSIHHe H HBli5IeTC5I ¢YHK

UHei1 HMITYllbC8 '18CTHUhl. norrpaBKY Ha pacCe5IHHe MOmHO 

H8HTH, HCClle.llyH H3MeHeHHe.TpaeKTOpHH '18CTHU B peaynb

TaTe pacce5IHH5I Ha rrepBOM C'!eT'!HKe. no.uxo.u W.repHxeti

Mepa/2/ HHTepeceH TBM, 'ITO OH 3aMeH5IeT paCCMOTpeHHe 

H3MeHeHH5I TpaeKTOpHH H8 HCClle.llOBBHHe rrorrepe'!HOPO 

CMeiUeHH5I '18CTHUhl B Ill!OCKOCTH ITOClle.UHero C'!eT'IHK8. 

BepoSITHOCTb TaKoro cMeiUeHH5I Ha HOBYIO KOOP.IlHHaTy r 

OT MeCTa naneHHH 'IBCTHUhl, IIpH OTCyTCTBHH pacceRBBHH5I 

p, .oaercg B BH.Ile rayccoeoro pacrrpe.oeneHHSI BOKpyr 

cpe.OHeKB8.1lp8TH'IHOPO CMeiUeHH5I r 2 : 
0 

2 2 
1 r + p - 2rp cos (J 

P = --- exp (- ) , ( 2 ) 
rrr 2 r 2 

0 0 
-

rne () - yron Me*.UY eeKropaMH r R p. Tor.ua eepoSIT-

HOCTb rrona.oaHHSI qacTHUhi Ha C2'rrocne pacceSIHHSI Ha C 
1 

, 

aaBHCHT oT r 
0 

H OT pa.oHyca R cqeT'!HKa C 
2

: 

2TT R 
f = J d() J Prd r . ( 3) 

0 0 

npH 9TOM rtpe.ononaraeTC5I, 'ITO C
2 

HMeeT tPOPMY Kpyra 

panHycoM R.OTHOllleHHe F perHCTpHpyeMoti qacTH nyqKa 

K HCXO.IlHOMy ny'!KY, KOTOpbiH HMell Obi Ha C 
2
pa.OHYC p O, 

B OTCYTCTBHe C'leT'!HK8 C 1 IIpHHHMaeT npOCTOH BH.Il IIpH 

4 

l 

O.llHOpO.IlHOM pacnpe.oeneHRH '18CTHU B ITy'!Ke: 

2 
Po 2rr R 2 2 

F(rO,pO,R)=--?-2J pdpfdOJexp(- r +p -2rpcosO)rdr. 

"o Po o o o r
2 
0 ( 4) 

B .oanhHei1llleM HaaoeeM F ycnoeHo ¢YHKUHei1 perHcrpa

UHH. no OITpe.oeneHHIO,¢YHKUHH perHCTpaUHH H ITOI1p8BK8 

HB pacCeHHHe 5IBli5IIOTCH OOp8THhlMH Bel!H'IHH8MH: 

1 
K = T . (5) 

I1a Bblp8)!{eHH5I ( 4) BH.IlHO, 'ITO qJyHKUHH pcrHCTfWUHH 

38BHCHT TOllbKO OT rrapaMeTpOB 11Y'IK8 r () H (J () lfu IIOCliC.Il

HeM cqeT'!RKe H or pa.oHyca A sroro cqeT'IHKD, .UnH uoo.o

HoponHoro ITY'!Ka OHa .ll0110lllfHTellbiiO 38BHCHT OT pLICJipo

.llelleHH5I 'I8CTHU B Ill!OCKOCTH ITOClle.llfiero C'!eT'IHKLl llf!H 

orcyrcTBHH pacceHeareng, Bm1<Ho no.o'IepKHYTb, 'ITo an>~ 

OITpe.OelleHR5I ~- He Tpe6yeTCH 3HBHHH XapaKTCf!HCTRK ny'IKB 

B H8'I8lle BpeMH-ITpOlleTHOii 0831>1 H M8>K.Ily C'ICT'IHK1JI\III, 

B 'IBCTHOCTH, ~~YHKUH51 perHcrpaUHH ne aaBHCI!T or roro, 

HBli5IeTC51 liH HCXO,IlHI>IH ITY'IOK HapallllellbHhiM,. paCXO.QSIIUHM

C51 JfliH CXO.Il51IIIHMC51, 3THM OOCT051TCllbCTBOM Mbl BOCIIOllb-

3yeMC51 .llll51 MO.IlGliHpOBBHH51 Bl!HHHHH MarHHTHOrO .fi\8CTKO

¢oKyCHpyiOIUero KaHana. TaKaH CHTyauHH HMena Mecro, 

HanpHMep, B YCliOBHHX paoOTb/ I/, r.oe MeiK.IlY C'!eT'IHKa

MH C J H C 2 paCITOli8P8liHCb IT51Tb MarHHTHb!X KBB.Ilpy-

.ITOllbHb!X TpHrrneroe (pH c. I). 

.QeACTBHe CHCTeMhl liHH3 CK83biB8eTC51 Ha ITpOCTpaHCT

BeHHOM pacnpe.neneHHH ny'IKa H Mo>KeT obtTb y'ITeHo aee

.oeHHeM s4>4JeKTHBHOl! .llliHHbl 083bJ npOlleTa f H Bb!OOpOM 

ITO.IlXO.IlHIUero pacnpe,neneHH51 IT~Ka B ITliOCKOCTH ITOClle,ll

Hero C'IeT'IHKa. 

HeHaeecruoe rrpocrpaHCTBeHHoe pacrrpe.oeneHHe 'lac

TI!U B Ill!OCKOCTH ITOClle.UHero C'leT'!HKB IIpH OTCYTCTBHH 

pacCe51Hii51 Mbl :\.IOJlel!RpyeM pacrrpe.oelleHR9M faycca C 
- u ? 

.llHCrrepcReH a-

" I'-
n ( p) = \ 0 • exp (- -') ) • 

"2 (}-

KOTopoe ot5peaaercH Ha pa;:uryce p
0 

• 

(6) 
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() ~ C1l .._it, ~ ()) ill 

(1) t:: ~ ' 

<~ I ~ ~ ()) ' ()) = () 
K ~ • u ~ (!) l ()) = ~ 

- () r:: 
•• C1l 

() ()) :I: 

=] C1l 'jl 0.. :I: ~ 

nponeTH8H 6aaa f BXOaHT B ~YHKUH~ perHCTp8UHH 
qepea cpeaHeKsaapaTH'!Hoe CMemeHHe r ~ : 

2 2 x 2 
r 2 = <() > • (f + f x + -) , ( 7) 

0 2 

rae<()~- cpeaHeKsaapaTH'lHhla yron MHoroKparaoro pac
ceHHHH (paa 

2 
) , x - ronmHHa pacceHsarenH ( CM ) • Ocra

eTCH Bhl6op TeopHH pacceHHHH/V anH onpeaeneHHH cpea
HHX CMellleHHa (7). 

B pHae pa6or, B TOM '!Hcne y WrepaxellMepa, npHMe
HHeTCH TeopHH PoccH H fpeliaepa /8/, B KoTopoli: 

2 ? Es 2 t 
<() > =z-(--) ·-, (8) 

s p f3 xo 

rae E = 21,1 MaB; p, (1 H z- HMnynbc (M38/c), cKo

pocTb H 38pHa 'IaCTHUbl; x 0 H t - pa!lHBUHOHHaST !lnHHa 
(r/cM 2 ) H ronmHHa (r/cM 2) pacceHBaTeMI. 

Bulpa*eHHe (8) smnHeTCH npH 6onbw11X 3HeprHSTX npH-
6nl1>~<eHHeM K Teop1111 Bl1nbHMca (6), n KoTopoli: 

<O >= 0,157·z
2
Z(Z+l}t fn( l,l3·10 4.z2 z·~/'lt): (g) 

w A·(p·{-j)2 A/i2 

aaecb A H Z - Maccosoe '!11cno 11 aapH!l pacceHBarenH. 
B ra6n. 1 npHseaeHo cpaBHeHHe 3THX TeopHH 11 TeopHH 

MonHepa/3/ c 3KCnepHMeHTanbHblMH aaHHbiM11 no pacceH
HH~ 3neKTpOHOB /9,IO 1 11 npOTOHOB /ll,l 2.~KCOep11MeHT 
Kynb'!HTCKoro/9/ noKaaan, 'ITO TeopHH BHnbHMca aaeT 

aaBbiWeHHe cpenHero yrna np~ pacceHHHH aneKrpouos Ha 
TH*enbtX 3neMeHTax oKono 10%. XaacoH H apyrHe /1 O/ 

nO!lTBepnHnH 3TOT peaynbT8T DpH 6onee BhlCOKHX 3Hep
r'HHX 11 nonyti11nH xopowee cornacHe 3KCnepHMeHTa c Teo
pl1el1 MonHepa. 

B pa6o'te EHxcena11 1lnoKaaaao, 'ITO TeopHH MonHepa 
MO)KeT 6biTb ycnewao npi1MeHeHa raKme K pacceHHH~ 
npoTOHOB. CaenaHHbiH HaMH pac'!eT no ero aaHHbiM no

Ka3biBaeT, 'ITO TeopHH BHnbHMca aaeT 3aBb1WeHHbiH Ha 

30% cpenaHa yron nnH pacceHHHH Ha aonoTe. 3To He ynH
BHTenbHo, T.K. TeopHH BHnbHMca pa6oTaeT B 6opHOBCKOM 
npH6nHmeHHH H Tpe6yeT BbtnOnHeHHH HepaBeHCTBa: 
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1'51 {3 

( 10) 

r.e. rpyDHOCTH MO-HO o•HilBTb OC06BHHO anH OnHC8HHH 
paCCBHHHR MeaneHHhlX 48CTHU H8 TH•enwx Hapax. 

B pa6oTe XaHrep¢opna H npyrHx/12/snepBhiB Hccne
nosaHo MHOrOKp8THOB paCCBHHHB 6hlCTphlX npOTOHOH 
( T p = 600 MaB). B Hew yKa3hiBaercg Ha pacxo•neHHB 
HX peaynhTaros c reopHel!: MonHepa H sro uurepnperu
pyercg KaK peaynbTaT penRrHBHCTCKHX s¢¢eKros. Monu

tPHUH~yg xapaKrepHbiH MonueposcKul!: yron x , .. anropl>t 
nony"'HnH cornacue c 7cnepHMBHTOM ( s ra6n. 1 eM. 
M peJI ) • OnHaKo s/12 npeHe6peraercg pacceHHuer--1 11a 
a roMHhiX aneKrpoHax, BKnaa KorophiX anH nerKHX pac
ceusareneii nocruraer aaMeruoli senu"'HHI>I r,i. lfn111 pac

"'BT no reopuu Monuepa c y"'eTOM paccemmH 11a ·-meKr
poHax nOK83hiBBBT cornaCHB C 9KCDBfJHMBIITOivl/l ~/( C ~~. 
Ta6n. 1 ). Opu 9HeprHH nporoHoB 600 MsB, cornacuo 
( 10), Mo•Ho 6hino 61>1 mKunarb, qro reopu51 Bunb51Mca 

H npu6nH•BHHe Poccu-fpeAaeHa y~e na~T ynonneruopH
renbHOe cornacHe c sKcnepHMeHroM. OnuaKO HpHnencn

HhiB B Ta6n. 1 paC"'BTLI nOK83biB8~T 38HI1i!<BHHG CfJC/lJIHX 
yrnoe no 12% no reopuu BunbRMCa 11 aanl>IWCI!He ao 25% 
no reopHH PoccK-fpel!:aeHa. 

TaKHM o6paaoM, reopuSJ Monuepa xopowo cornacyeTCSJ 
C 9KCDepKMBHTBJibHbiMK llBHHblMH nO paCCBSIHHIO nerKHX 
K TR•enbiX "'aCTHU Ha n~6bJX pacceusarenSJx or Mam,Ix 
no cpeaHHX sHeprHl!:. B pa6ore MonHepa /3/ pacnpeaene

HHe npOBKUHH 0 yrnoB paCCBSIHHR Ha ITJIOCKOCTb, CO/lep

>K8llly~ H8'18JibHOB H8Dp8BJIBHHe, ll8BTCR paanOii\BHHBM: 

2 -¢2 1 (1} 1 (2) 
f(O)dO=[--:::=e +r.·f (<t)+-£ (¢)+ ... ld¢, (II) 

'/" ' r,2 
rne 

u 
0 = ( 12) 

Xc· V 8 
Opu BhJDOJIHBHHH ycnosuSJ: 

8 2: 4,5 HnH P 0 :2 20 (13) 
o senH"'HHBX BH 0 0(13) eM. HH•e), nepBhiB TpH qneHa pSIIla 
( 11) na~T pacnpeneneHHB yrnos c TO"'HOCTb~ I %. nepBblH 
"!neH pSiaa onpenenSJer f\tHoroKparHoe pacceHHHe Ha Manwe 
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yrnhi, aropoil: -o.nHoKpaTHoe Ha 6onbwHe yrnhi, a rperHii 

siBJisieTCSI KoppeKTHPYlOlllHM •meHoM. BenHttHHa x · y'B /2 c 
ecrb nonywHpHHa rayccoaoro pacnpe.neneHHSI Manwx yrnoB 

pacceSIHHSI, r.ne cpe.nHeKBa.nparHttHhiH yron ,pacceSIHHSI <() 
2> 

paaeH: 
2 2 

<() >M = Xc ·B. (14) 

BenHttHHY B y.no6Ho npe.ncraBHTb B npHoJIH)I{eHHH CKorTa / 4/ 

B = 1,153 + 1,122 • fn!1 0 • ( 15} 

DpHoJIH)I{eHHe ( 15) BbinOJIHSieTcSI c rottHOCTblO 0,5%, ecnH 

B >6,3,,--~ n0 :::,100. ( 16} 

MHHHMaJibHYlO TOJIIUHHY pacceHBaTeJISI (r/cM 2) AJISI Bhmon

HeHHSI ycJIOBHSI (16) MO)I{HO OUeHHTb C AOCT8TO'!HOH TO'l

HOCTblO H3 HepaBeHCTB8 

t 2:. 10 -
2 {32 

2 
( 1 + 2 • 10-4 . z 

2 
• nz 2 

) . ( 1 7) 
z f3 

BemittHHa no npe.ncTaBJISieT, no CBOeMy <jlH3HtteCKOMY CMbiCJIY. 

cpeAHe,e l{lfCJIO 8KTOB p8CCeSIHHSI B CJIOe BeiUeCTBa. 0Ha 

Bbipa*aeTCSI ttepe3 MOJIHepeiBCKHe yrnhi x 11 x : 
2 c a 

XC 
!1 0 = -

2 
• (18) 

X a 
Yron aKpaHHpOBaHHSI x nonytteH Ha ocHoBe noteHUHana a 
ToMaca-¢epMH c ytteroM OTKJioHeHHSI or 6opHOBCKoro·npH-

6nH*eHH Sl. 

B Teop1111 Monuepa He yttHThiBaeTc!~ pacCeSIHHe Ha a:roM
HhiX aneKrpoHax. Ha nerKHX pacceHsaTen'sl:x- oHo .no6asnSieT ' 

oKono 20%. BnepBbie HEr Heo6xo.niiMocr'E> yttera p'acceSIHHSI 

Ha aneKrpoHax yKa3aJIH KynbttHTCKHH 11 .J!aThiWes/9/. KattecT-
BeHHo 8TOT BKJI8,[{ MO)I{HO yttHTb!B8Tb /9,14/ '3aMeHOH Z '2 

(B (9), HanpHMep} Ha 
2 Z ... Z(Z+l), (19) 

T.K. npn .nocTaTottHO 6onbwHx yrnax pacceSIHHe KB*AbiM 

aneKrpoHOM onHChiBaercSI ¢opMynoii Pe3ep4>op.na c Z = 1 
H KB*Ahiii: aneKrpoH pacceHsaeT He3aBHCHMO OT .npyr11x. 

Ho npH otteHb MaJihiX yrnax Heynpyroe pacceSIHRe aneKrpo

HBMH He coxpaHSieT pe3ep¢op.nOBCKHH xapaKTep. KpoMe 

10 

.. ;r.l 
~~11( 

~:i;'".;: 

'\~~.~~ 
,, .• b 
'r~:·'! 

,,. 

,,, 

•• 

TOf'O, B CJiyttae TSI)KeJIOH pacCeHBaeMOH ttaCTHllbl 3JieKTpOH 
MO)I{eT npHOopeCTH 3aMeTHYlO 8Hepf'Hl0 OTA8'lH. ¢aHO /S/ 
3aMeHSieT noaroMy napaMerp w~HHbi B B ( 1 4) Ha 

-1 -4/3 f3 /) 2 
B ... B + Z [fn ( 1130 • Z ) - U in - -], (20) 

1-{32 2 
f'.[{e Uin SIBJISieTCSI HHTerpaJIOM !flyHKUHH Heynpyroro pacCeSI
HHSI, H ero 3HatteHHe pacTeT OT 3,6 AJISI BOAOpo.na AO 

6,3 AJISI CBHHua/13/ .TeopHSI ¢aHo xopowo cornacyeTCSI 

c aKcnepRMeHTaJibHhiMH .naHHhJMH (eM. Taon. 1}. HawH 

pactteThi noKa3anH, ttTo no.nxo.n ( 19) .naeT Ha nerKHX 

pacceHBaTeJISIX 38BbJWeHHe cpenHero yrna rrp11 MaJlbiX 

aHeprHSIX OKono 10%. DpH cpenHHX aHeprHSIX pa3mP-me 

Me)KJly nOllXOll8MH ( 19) H (20} COCTaBJISieT TOJlbKO 2 t-3%. 
8 TO )l{e BpeMSI OTHOCHTeJlbHbiM BKJ18ll pacceSli!H S1 IW a TOM

Hb!X 8JieKTpOH8X B BeJIH'lHHy cpenHeKB8llp11TII'-IIIOrO yrna 

pacCeSIHHSI CHJibHO 38BHCHT OT MaTepHaJia paCCeHBaTeJISI. 

HanpHMep, npH pacceSIHHH Sillep :l lie oH H3MeHS1eTCS1 oT 1% 
llJlSI CBHHU8 llO 20% llJISI yrnepona. 

CpenHeKsanpaTHttHbJH yron M onHepa ( 14) B npH611H)I{eHnH 

CKOTTa (15} c ytteTOM pacceSIHHSI Ha aTOMHJ,JX aneKTpouax 
no ¢aHO (20) 11pHHHMaeT BHll 

2 0,157·z 2.z 2 -t
1 

l,IS.'3+1,122fn8,8S·10 1 z 2Z~/1 ·t 
<U > = 

M 2 - • '' ' 
A(pfj} A·{i20,l'3+ 2·10 z-z-

2 2 112 
(21) 

+ z- 1 [fn (ll30Z-4/ 3 __ h_) -ll- - ~II 
' ' 2 In 2 

l - f3 

¢yHKUHSI perHCTpaUHH ( 4 ), B CJiy'-lae HeOllHOpOllHOf'O 

pacnpeneneHHSI 'l8CTHU B rryttKe (6}, HOpMHpOB8HH8SI Ha 

HCKOMOe 'lHCJlO 'l8CTHU l'J O 110CJie 38MeHbl rrepeMeHHblX 
11 rrapaMerpos: 

, r , p 
r =1f, P=n· 

, r o , Po 
ro= R' Po= R (22) 

BHll: Po , 2 , 2 l 
2 

, , , 2 

2N 0 • f dp~exp(- ~- ~) • p' [ dr'.J 0(~exp(-~)r' 0 r 2 2 a 2 0 r-2 r 2 
F(N

0
,e,a :p'

0
) = , o o 

Po ,2 
' 2 f d , ( p ) , ro p •exp ---2 p 

0 2o' 

npHHHMaeT 

(23} 

II 
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10 - ¢YHKUHH EeccenH c KOMrrneKCHhlM apryMearoM; 
onpeaenea qepe3 (7) H (22) c ycnosaeM rrpHMeHHM0-
(16). 

PaccMorpaM ycnoBHH rrpHMeHHMOCTH ¢YHKUHH perucrpa
UHH. BhlBOll ypasHeHHH (4) H (23) ucnonb3yerronbKO 
npeanono~eaae rayccosoro pacnpeaeneaHH (2). Oa cnpa-

BellnHB, ITOK8 yf'nbi ll0CT8TO'IHO Manbi, T,e, ITOK8 BbiDOnHeHbl 
ycnoBHH MHoroKparaoro pacceHHHH, CraracratieCKHfi xa
paKrep cronKaoseaafi npaseaer K rayccosoMy pacnpeaene
HHID yrnos pacceHHHH, 'ITO o6ycnosnasaer pacnpeaeneaae 
nonepe'IHbiX cMemeaafi no fayccy. TaKHM o6pa3oM, noaxoa 
illrepaxefiMepa npaMeHHM B ycnosaHx MHoroKparaoro pac
ceasaHHH (13). Ycnosae npaMeHHMOCTH npa6na~eHHH 
CKorra ( 16) 3aBellOMO rapaarupyer BbmonaeHae ( 13). 

~YHKUHH peracrpaUHH (23) 38BHCHT OT 'ieThlpex CB0-

60llHbiX napaMeTpOB N 0' e ' a , H p~ .OHa B Hamefi rrporpaM
Me ITOllf'OHHeTCH C ITOMOmhiD x 2 -MHHHMH38UHH/J~ DOll 8K

CrrepHMeHT8nbHO H3MepeHHOe H3MeHeHHe CKOpOCTH cqera 
npa paanH'!HhlX ronmaaax aononaarenhahlx pacceasarenefi. 
TipH 8TOM orrpeaenHIDTCH WHpHH8 rrpOCTp8HCTB9HHOf'O pac

rrpeaeneHHH 'Iacrau B rry'!Ke a, paaayc rry'!Ka Po s nnocKocra 
nocneaaero ctieT'IHKa, a¢¢eKTHBHaH anaaa 6aabi nponeTa e 
a '!Hcno 'Iacrau N0 ,nonaaaromax Ha nocneaaafi ctieT'IHK 6ea 
pacCeHHHH Ha rrepBOM. C 8THMH rrapaMeTpaMH ITOTOM Bbi
'IHCnHIDTCH rrorrpaBKH (5) llnH BCef'O HMrrynbCHOf'O HHTepsa
na crreKrpa. TionpaBKH anH nro6hlx apyrax '!acrau B rex 
~e 8KCrrepHMeHT8nbHhlX ycnOBHHX Bhl'IHCnHIDTCH C 8THMH 
rrapaMerpaMH '!epe3 ypaBHeHHH (23) H (5), TiorrpaBKH Bbi

'IHCnHIDTCH C KOPHllOpOM PWH60K, KOTOpb!il: o6pa3yeTCSI 

H3 OmH60K rrapaMeTpOB H OWH60K 8KCDefHMeHT8nbHb!X TO
'ieK, Owa6KH, BHOCHMbie reopaeii pacceHHHH, npeae6pe~HMbi, 
'ITO 6hlno rroKa3aao npa cpasaeaaa reopaa MonHepa c aK
cnepaMeHraMH. 

Tiepexoa or pacceHHHH aa aononaarenbHbiX pacceasaTe
nHx K 8KBHBaneHTHOMy paCCeHHHID Ha CUHHTHnnHTOpe OCy
meCTBnHeTCH tiepea Bb!'!Hcneaae coorsercrsyromHx HMrrynh
cos, rrpH KOTOpb!X Ha CUHHTHnnHTOpe rrony'!HnCH 6bi TaKOH 

_ ~e yron pacceHHHH, r.e. pemaer-CH ypasaeaae (21) OTHOCH
renhao BenHqHHbl p • nng y'ieTa H3MeHeHHSI norapH¢Ma 

B (21) rrpH rrepexoae K llPYf'HM HMrrynhCBM, 3TH HMrrynbCbi 
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BbJqacnHroTcH UHKnoM nocneaosarenbHhiX rrpH6nH~eHHii 
llO nro6oli 3allaHHOH TO'IHOCTH (aa llBa UHKna TOqHQCTb 
y~e llOCTHraer 0,1 %), 

B nporpaMMe npeaycMoTpeHbi nro6bie oraocarenbHhie 
pa3Mephl Hcxoaaoro rry'!Ka p0 H nocneaaero C'ieT'IHKa R: 

< Po> R. (24) 

XorSI Bhlpa~eaae (4) Bhlseaeao npa ycnosaa p
0

<R,oao rrpH
MeHHMo H K cny'Iaro p 0 >R.3ro aaaao aa roro, 'ITO nocne 
3aMeHbi MecraMH p H R B ( 4) npasag cropoaa H3-aa 

CHMMeTpHH ITOllblHTerpanbHOll ¢YHKUHH K rrepeMeHHh!M p H r 

oe MeHHeTCH, Orpaaaqeaae COCTOHT B TOM, qTo B cnyqae 

p 0 > R pacnpeaeneaae aon~HO 6b!Tb OllHOpOllHbiM. n 08TOMy 
npa p 0 >R B (23) asroMaraqecKH ¢HKCHpyercSI a' aocra

TO'!Ho 6onbWHM 3HaqeHHeM H rrpOH3BOllHTCH 3aMeHa MeCTaMH 
napaMerpos p

0 
H R. 

··"'' 

3, 06cy~lleHHe peaynhTaTOB 

B pa6oTe/I/ accneaoaanocb o6pa3osaaHe Sillep 3 H , 3 He 
H 

4 
He c aaeprHHMH OT 150 ao 640 MaB rrpH B3aHMoaeii

CTBHH rrpOTOHOB ( Tp = 665 MaB) c nef'KHMH HllPBMH, nnSI 
HX HlleHTH¢HK8UHH rrpHM9HHnaCb Bp9MH-rrponeTH8H M9TOllH
Ka. CqeT'IHKH paaaeceabi aa 6a3e OKano 12 M, TipH TonmHHe 
nepsoro CUHHTHnnSiropa 0,22 r/cM 2 pacceSIHHe aa TaKoii: 

6a3e rrpHBOllHT K cpeaaeMy nonepe'!HOMy CMemeHHID qacTHU 
s nnocKocrH nocneaaero cqeTqHKa ao 11 CM, TipH paaHyce 
5,5 CM nocheaaero C'ieTqHKa ~To oaaaqano 6hl aa~e anH 
HlleanbHO Y3KOf'O HCXOllHOf'O rry'!Ka ITOTepH OKOnO 80%, 
TioaToMy rry'ioK rpaacnopTHposancg Maf'HHTHbiM ~ecrKo¢o
KYCHpyromHM KaaanoM, npaqeM rpaaHear nonH, coxpaagg 
¢oKycapyromHe csolicrsa Kaaana no crreKrpy, H3MeHHnCH 

nponopuHoaanbao HMrryn&cy perHcrpapyeMbiX, qacTHU, secb 
rryTb KOTOpb!X DpOXOllHn B BaKyyMe, 

H .?t 'pac. 2 rrpHseaeHbi paccqaTaHHhie s aacroHmeii pa6oTe 
3 3 4 nonpaBKH aa MHOf'OKparaoe pacceHHHe Hllep H , He H He 

JlnSI 8KCrrepHM9HTanbHbiX ycnOBHH, OITH~aHHhlX B pa6oTe /I/. 
TipH rpex aaa'ieHHSIX HMrrynbca Slllep He ( 1790, 1400 H 

1010 MaB/c) anSI Tpex aononHHTenbHbiX pacceHBaTeneii 
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PHC. 2. TionpaBKH Ha MHOf'OKpaTHOe pacCeSIHHe B CUHHTHll

llHTOpe C'leT'IHKa C 1 AllH cneKrpoa SIAep 3 He , 3 H H 4 He • 

BepTHKallbHhle cTpenKH yKaawaaror HH*HHe rpaHHUhl H3Me-
3 \II 

peHHb!X CIIeKTpOB. J1 HAeKC lie OTHOCHTCSI K nonpaBKe AllSI 

SIAep 
3

He, paCC'IHTaHHOH c HCIIOllh30BaHHeM TeopHH BHllhSIM
ca. 

14 

(0,1 r/cM2 C; 0,097 r/cM2 Pb H 0,194 r/cM 2 Pb) 6billO 

IIOlly'leHo 12 9KCnepHMeHTalll;.HbiX TO'IeK.l13 IIOAPOHKH tPYHKUHH 

perHcTpauHH K aTHM TO'IKaM 6wna paCC'IHTaHa nonpaaKa 

anSI BbiXO.I;la SIAep 
3
He • H a pH c. 3 noKa3aHbi 9TH aKcnepH

MeHTallbHhie TO'IKH H XOA tPYHKUHH perHCTpaUHH (23), IIO

ny'leHHOii npH IIOAPOHKe. Tiolly'leHHbiH npH MHHHMH38UHH X 2 

paseH 1, I . Ha cTeneHb cso6oAhi. 0wH6KH onpeaeneHHSI na

paMeTpos H OWH6KH 9KCIIepHMeHTallbHbiX TO'IeK o6pa3yiDT 

KOPH_f.OP OWH60K nonpaBKH, He npeBbiWBIDIUHii 2%. TionpaBKa 

anSI He,nony'leHHaSI c 9THMH *e napaMeTpaMH, HMeer Ty 

*e OIUH6Ky. B sepxHeii qacrH pH c. 3 H3o6pa*eHbi 3aBHCH

MOCTH nonpaBKH K(0 2
) OT yrna MHOf'OKpaTHOf'O pacceSIHHSI, 

IIOlly'leHHble IIpH IIOAf'OHKe IIOA 9KCnepHMeHTallbHble AaHHbie 

¢YHKUHH perHCTpauHH c Hcnollb30BaHHeM reopHH MonHepa 

( HHAeKc M ) H TeopHH BHllhSIMca ( HHAeKc W ). BHAHO, 

'ITo reopHSI BrrnbSIMca aaer 3Ha'IHTellhHoe aaHH*eHHe senH

'IHHhl IIOIIpBBKH, a OTHOWeHHe IIOlly'leHHhlX B8llH'IHH C'leTa 

6e3 pacceSIHHSI B HaWHX YCllOBHSIX 9KCII8pHM8HTa COCTBBllSI

eT 1,17. TionpaBKa AllSI KOppeKUHH CIIeKTpa SIAep TpHTHSI 

6hilla nony'leHa B peaynhTaTe H3.MepeHHii Ha aeiiTpoHax 

C TeMR *e AOIIOllHHT8llbHblMH paCCeHBaTellSIMH. TipH 9TOM 

6hlll0 IIOlly'leHO 8 9KCnepHMeHT8llbHhlX TO'IeK npH ABYX 

3Ha'leHHSIX HMnynhca aeiirpoHoB (850 MaB/c H. 1386 MaB/c) 

H3 peaKUHH p + p ... d + rr +. B HH3KOaHepreTH'IecKoii qacTH 

cneKrpoa 
3

He H 
4

He 3Ha'leHHe nonpaBKH AOCTHraer 2, B TO 

speMSI.KaK ynpomeHHbiii noaxoa K pacqery TaKoii nonpaBKH 

B /1/ aasan aaMeTHO aaHH*eHHhie oueHKH. BbiTeKaromHe 

OTCIDAa 3aHH*eHHSI BbiXOAa 9THX SIAep 'laC TH'IHO KOMIIeH

CHpyroTCSr 38HH*8HHOH TaK*e, 0{\!3HKOH n'oTepb ., aeiiTpOHOB 

KallH6pOBO'IHOii peaKUHH (p + p -+ d + ~+) • . 

3aHH*8HHhle OUeHKH nonpaBOK o6yCllOBlleHhl IIpHMeHeHH

eM rpdqmqecKoii aKctpanonSiuHii anSI onpea~neHHSI cqe'-ra 

6ea pacceSIHHSI - N 0 , HCIIOllb30BaHHeM reopHH BHllhSIMCa 

H npH6llH*eHHbiMH Bbi'IHClleHHSIMH. Puc. 4 H 5 noKa3biBaror 

HeonpeaeneHHOCTh Meroaa aKcTpanonSIUHH. Ha ocR optiH.~ar 
yKa3aHhl peaynhrarw rpa¢H'IecKoii aKcrpanonSIURH - N3 

H onpeaeneHHhiii noaroHKoii ¢YHKUHH perucTpaUHR (23) -
N0 . 3aHH*eHHe oueHKH cqera 6ea pacceSIHHSI MO*eT ao
CTHraTb 38M8THOH B8llH'IHHbl. 3ro npSIMO IIpHBOAHT K CHCTe

MaTR'IeC KOMY 3aHH*SHHID nonpaBKH, 'ITO HlllliDCTpHpyeTCSI 
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Puc. 3. Pe3ym.TaT noJlrOHKu 4fYHKllUH perucrpauuu nOA 
3 3KCnepuMeHTan&Ho U3MepeHHhie llBHHhie JlnSI 12 TO'IeK Ha He. 

Beepxy - 3aeucuMocru eenu'IUHbi nonpaaKa oT (;2, pacc'IH
TaHHoli no reopuu Monuepa (!\1) u Teopuu BHnbSIMCa (W} • 

38BHCUMOCTbiO, H306pa.>KeHHOH B BepXHeH 'IBCTH puc, 5, 
3JleCb H3o6pa.>KeHa 3BBHCHMOCTb nonpaBKH K (0 2) or eenu

'IRHbi cpeJlHeKBaJlpaTR'IHoro yrna MHoroKparHoro pacceSI

HRSI, pacc'IHTaHHoro no Teopuu MonRepa. HHlleKc 1\1 03Ha
'laer, 'ITO npR pac'leTax Rcnonb30eanucb pe3ynbT8Tbi noll
roHKR ¢YHKUHH perRCTpaURH OOJl 3KCnepRMeHranbHO H3Me
peHHbie TO'IKR; RHJleKC 3 03Ha'laeT HCnOnb30B8HHe pe3ynb-
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PHc. 5, Pe3ynhTaT noaroHKH ¢YHKUHH perHcrpaUHH anH 
4 TO•IeK, H3MepeHHbiX Ha 

3
He npH P3He d 1010 M3B/c, 

T8Ta (N
3
) rpa¢H'IeCKOll 3KCTpanonHUHH. 3KcnepHMeHTanhHble 

TO'IKH, ll306pa:>~<eHHble Ha pH C. 5 BHif3y, HaxoaHTC H T8K)Ke 
Ha pHc. 3 (Kpy)KKH i ) . B npeaenax OlliH6KH 3Ha'leHJIH 

N 0 , onpeaeneHHbie noaroHKoil, B o6oHx cny'laHx, r.e. anH 
'leTbipeX (pHC, 5) II 12 TO'IeK (pHC, 3), COBnaaaJoT, a pe-

3ynhTaT rpa¢H'IeCKOll 3KCTpanonHUHH (N~ OTnH'IaeTCH OT 
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pe3ynhTaTa noaroHKH Ha 40%. npH nepexoae or nonpaBKH 
c'leTa B 3aBHCHMOCTH oT yrna pacceHHHH- K(0 2)pnpe
oeneHHoil anH pa3HhlX aononHHTenbHhlX pacceHBareneil 
(pHC, 3) K nonpaBKe C'leTa Ha pacceHHlle CUHHTHJlJlHTO
pOM K(p), B 3aBHCHMOCTH or HMnynbca 'laCTHU (pHC, 2), 
B npH6JlH)KeHHbiX paC'IeTaX npeHe6peraJOT H3MeHeHHeM {3 
noa norapH¢MoM B (9). Orc10aa BbiTeKaiOT 3aHH)KeHHhie 
OUeHKH HMnynhCOB 1 COOTBeTCTBYIOUIHe onpeaeneHHOMy 

3Ha'leHHIO nonpaBKH, H3 pHc. 2 cneayer, 'ITO OlliH6Ka 
B HMnynhCe Ha 10% npHBeOeT K OlliH6Ke B nonpaBKe H8 
20% B HH3K03HepreTH'IHOll o6naCTH. npeHe6pe)KeHHe H3-
MeHeHHeM 3apHaa pacceHBaeMbiX 'laCTHU noa norapH¢MoM 
B (9), npH nepexooe or nonpaBKH anH C'leTa aeilrpoHoB 
(pHC, 4) K nonpaBKe anH Haep renHH (pHC, 2), 3KBHBa

neHTHO CMell!eHHIO HMnynbCOB BO BCell o6naCTH cneKTpa 
Ha 10%. B HH3K03HepreTH'IHOll 'IBCTH TBKOe npeHe6pe)Ke
HHe T8K)Ke npHBeaeT K 38HH)KeHHIO nonpaBKH Ha 20%, 
Pacxo)KaeHHe reopHH BHnhHMca c 3KcnepHMeHranbHbiMH 
aaHHbiMH o6cy)Kaanocb BbiWe. B ra6n. 2 npHBOaHTCH 

cpaBHeHHe CpeOHHX yrnOB paCCeHHHH Ha HCnOnb30B8HHbiX 
B pa6oTe/l/ aononHHTeJlbHbiX pacceHB8TeJlSIX 1 Bbi'IHCJleH

HbiX no reopHSIM BHnbHMca H MonHepa. llnSI CUHHTHnnHTopa 
reopHSI BHnbSIMCa aaeT 3aHH)KeHHe Ha 20%, a Ha TSI)Kenwx 

pacceHBarenSix - 3aBbillleHHe ao 20%. Ha pHc. 2 noKa3aHa 
nonpaBKa ( HHaeKc 3 Hew), nony'leHHaSI npH noaroHKe ¢YHK

UHH perHCTpaUHH (23) c Hcnonh30BaHHeM reopHH BHnbSIM

ca anH Siaep 3 He. B HaHo, 'ITO pa3HOCTh nonpasoK, Bbi'IHc
neHHbiX no 3THM TeopHHM, aocrHraeT 20%, npH'IeM no
npaBKa, Bbi'IHcneHHaSI no reopHH BHJlbSIMCa, CHCTeMaTH

'IeCKH 38HH)KeHa ITO OTHOllleHHIO'K nonpaBKe, Bhl'IHCJleHHOll 

no reopHH MonHepa. 0TMeTHM' eme, 'ITO nonpasKa Ha pac
ceSIHHe anSI aeilrpoHoB, onpeaeneHHaH noaroHKoil noa 
3KCnepHMeHTanbHOe H3MeHeHHe CKOpOCTH C'leTa (pHC, 4) 
B cnyqae npHMeHeHHSI reopHH MonHepa xopomo cornacyeTCSI 

u 3H u c nonpaBKOli anSI cqera Haep e,nonyqeHHOH B rex )Ke 

3KCnepHMeHTanbHbiX ycno~HSIX, r.e. pac'leT nonpaBKH K( p) 

anSI 3 He H3 aaHHbiX, nony'leHHbie Ha aeilrpoHax, aaer T~ 
)Ke 3Ha'leHHH, 'ITO H HenocpeacrseHHhie H3MepeHHSI Ha He. 
npH HCIIOnh30B8HHH )Ke TeOpHH BHnhSIMCa anSI paC'IeTa no
npaBOK anH 3THX '18CTHU nony'leHhl 3H8'1HTenbHhle paCXO)K-
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no reopHH MonHepa, c Y'\eToM paccegHHg Ha aTOMHbiX sneKTpoHax no <l>aHo, H no 
reopHH BI1Rb9Mca. 
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P He. 7. CneKTp SI.Uep 
4
He, nony'leHHbiH c y'leTOM {t If 6e3 

y'leTa I nonpaBKH Ha MHoroKpaTHoe pacceSIHHe, pacc'IH
TBHHoti B H8CT05IW8H pa6oTe. 
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.ueHHSI. KpoMe Toro, Hcnonb30B8HHe TeopHH BunbSIMCa 
npH llO.lli'OHKe ¢YHKUHH perHCTpaUHH K SKCnepHM8HT8nb
HbiM TO'IKBM .uaeT B 2 + 4 pa3a 6onbwyiO aenH'IHHY X 2 , 

'!eM ucnonb30B8HHe TeopHH MonHepa. 
Ha P.HC. 6 H 7 npe.ucTaaneHbi cneKTpbi Bbrxo.ua SI.Uep 

3 4 He H He npH pacceSIHHH npoTOHOB c sHepi'Heii 665 MsB 
na MHWeHSIX C H Be,Kann6poaaHHbiX Ha ce'leHHe BbiXo.ua 
.uetiTpOHOB H3 peaKUHH! p + p -> d + 1T +. TI onpaBK8 .UnSI .ll8HTpO
HOB H3 STOll peaKUHH npH pd = 850 MsB/c COCTBBnSina 

1,22. Hn:>KHHe TO'IKH H8 pHCYHK8X COOTBeTCTBYIOT 3H8'le
Hif5IM Bhrxo.ua 6e3 y'leTa norepb H3-3a pacceSIHiiSI, a aepXHHe 
nony'leHbl C llOMOWbiO onpeaeneHHblX B HaCTOSIIUeH pa60Te 
nonpaBoK. H3 puc. 6 H 7 Blf.llHO, 'ITO yqer noTepb H3-sa 
MHOI'OKpaTHOI'O paCC85IHH5I llpHBO.lllfT K KOppeKUm BenH'IHHhl 
C8'l8Hif5I BbiXO.ll8 STHX SI.Uep, .ll0CTHI'810IU8H B HH3KOSHepre
TH'l8CKOH 'laCTH H3MepeHHbiX cneKTpOB 60% .unSI SI.Uep 3 He 
H to% .unSI SI.Uep 4 He ( oueHKH B pa6oTe /l/ .uaaamr 25% 

H 45% COOTB8TCTB8HHO). 

ABTOpbi 6naro.uapHbi B.H.KoMapoay u O.B.Caa'leHKO 3a 
UeHHbJe o6cy:>K.U8HH5I, f.B.BacHnbeBOH - 3a llOMOIUb B o¢opM
neHiflf ny6nHK8UifH. 
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