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.1. Corn~·cHo· coapeMeHHbiM. npeacTaaneHHHM, aTOMHoe H.lpo HanSieTCH 

llHH8MH'IeCKOli CHCTeMoli HyKnOHoa, a KO.Topoli HenpepbiBHO a03HH°KBIOT H pac

naaaioTCSI. HyKnOHHhle SCCOUHSIIHH pa3ITH'IHOI'O THna. 11ccne.iwaa~He ~38H,;~ 

aeliCTaHSI ITpOTOHOa abiCOKHX 3Hepi'Hli C aHyTpHSillepHbiMH SCCOUHSUHSIMH H 

cooTaeTcTayromnMu cao6oaHhiMH acconuan·n~M·Ii: SlllpaMu d , He 3 · , · H 3 

4 .. . . ·, . . . ' 
He u· T•ll. aaeT caeaeHHH o aepoHTHOCTH onpeaeneHHoro Tuna acconuupo-

-;._ 

. . • ' . /1-3/ . . : 
aaHHSI HyKnOHOa H ¢H3H'IeCKOli npupoae TSKHX SCCOUHSUHli' · • CymecTaeH-

HOe Tpe6oaanue K OIThiTaM no xaaauynpyroMy pacceSIHHro (KB:YP.) npoToHoa 

CO;TOHT a Heo6XO.r:1HMOCTH. H3~epSITh 'pacceSIHHe a ycno'anSIX 60IThillOli nepeaa-
. ., ' . 

'IH HMnynhca acconuaunHM c TeM, -1To6hi Bhi6nsaeM~Ie ¢parMeHT~I ·npuo6pe-

Tann ·:;~neprnro, 3HS'IHTenhHo npeabrillaiOIJlyro ux 3Hepruro ·~·aSian a srape. Yse..:. -

nn'IeHiie 3Heprn\r naaaromeli u o6eux · pacceSIHHhiX 'IacTuu· npiiaoanT K yMelrb

IlleHuro ainaaa aTopH'IHhiX :;~¢¢exToa nepepacceSIHHH ~ noaaonSieT 'Ha6nroaaTh · 

pacceSIHHe Ha acconuauusrx a· 6onee 'IHCTOM anae •. 

· Ksaaaynpyrcie piwcesrnite .. 5b!cTphiX npoTcmoa aayxnyxnonHhi~H acconua

unSIMH a ·nerxux Hapax, conpoao>Knaromeecg 6C?IThilloli nepeaa:eli HMnynhca 

.r:leliTpOHSM, anepabie•na6nroaanoc~ a 3KCIT~pH~e.HTSX / 4 /, npoaeaeH?biX a na:_ 

6opaTopuu HnepHhiX npo6neM 011.HI1, u 6onee iieTanbHb uccneaoaanocb He-

. . 151 KB P .. . . 6 •. 
aaaHO a OITbiTaX ·. · •' Y ITpOTOHOa SCCOUHSUHliMH C OITbll(HM, KOITH'IeCT-

aoM HyKnOHOa a· T8KUX ycnoan.IIX llO nocneaHei'O apeMeHH He fi'a6ITJ?ASIT0Ch. 

8 pa6oTe' /4/ OTMe'Ianocb, 'ITO .Ce'IeHHe ;abi6uaa~HSI Hllep TpHTH.II a abiCOKQ-" 
r .. . 

·,-;__ .,_._ . HMITynbCHbiX Y'ISCTKaX CITeKTpa, ecnu. 3TOT .npouecc aoo6me nponc:X:oanT, He 

np'eabiillaeT'·2~3% OT ceqennsr abi6naannsr :nelirponoa. flonnocThiO oTcyTcTao-:.:. 

aana nfi¢op~aunH u o6 ynpyroM pacceSIHHn naaaa 6biCTphiX npoTonoa na ner-

-<, 
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'lailwux smpax H 3 ' 3· 
He • , He 4 ' ' H T,n. TaxuM·_-o6paaoM, Borrpoe o crroeo6-

HOCTH. aeeouuauuu ua Tpex'u 6onee HyKnOHOB rrpu.'eoynapeHI!H e.rrpoToH~MH 

BOeiipi!HI!MSTb 6e3 pa3Bana 60IIbWI!e rrepei:IS'IH HMIIYIIbea, OeTaBallell OTKpbi

TbiM, 

B pa6oTe 1~ 1 · BrrepBbte Ha6moJianocb KBYP rrpoTOHOB a - '!aeTH'IHbi~m 

aceOUHSUHliMH B llei'KHX su:tpaX1 eorrpOBOJKJlSIOWeeell rrepena'leil a - aceouua

. UHliM ~Mrr~nbea 9,5 lj>M- 1 , KOTopoe MOJKHO corroeTaBHTb e yrrpyi'HM pHe 
4

-
. . . . 

paeceliHHeM na yron 16991 e,u,u,, H3Mep~HHbiM B 17 I, Llnll BbtlleHeHHll o6wux 

• '?BOHCTB liBIIeHHll rrepeJla'IH 60ilbWOT'O HMIIYIIbCa HYKIIOHHbiM_ aceouuaUHHM OII

peneneHHblil HHTepec rrpencTaBnlleT rrp.oBeJleHne aHanorn'!HbtX · sxcrrepuMeHTOB 

rro Bbt6nBaHHIO 6btCTpbi~ lj>parMeHTOB He 3 
; Bo Bcex ;IIOMliHYTbiX Bbtwe pa-

6oTax-/4-61 H3Mepli1IHeb Bb!COKOSHepreTH'IeCKHe Y'ISCTKY. CIIeKTpa lj>parMeH.

TOB1 Bbi61!BaeMbiX ua llnep rron orrpeneneHHbiM yrnoM ( 4-8° na6.cuc'I".) K Harr

paBneHHJO rranaromux 'rrpoTOHOB x). 

llenb OIIHCbiBaeMbiX HHJKe SKCIIepHMeHTOB COCTOlllla B' _H3MepeHlm _ JlHij>

lj>epeHUHSIIbHOT'O ce~eHHll Bbi6HBaHHll -npoToHaMH ua nerKHX llnep rennll-3. c 
' ' 

SHepT'Heil~ 6IIH3KOH K SHepi'HH lll:lep .OTJlS'IH B yrrpyi'OM paCCeliHHH IIpOTOHOB 
. . H 3 . • 3 

CB060J:IHbiM lii:IPOM e H nulj>lj>epeHUHSilbHOT'O Ce'leHHll yrrpyi'OT'O pHe -pac-

CeliHHll Jlilll COIIOC:TSBIIeHHll Ce'leHHH STHX rrpoUeCC0~1 . H3MepeHHb!X B 0/:IHHSKO

BbiX YCilOBHliX 6onbwoil rrepena'IH HMrrycnbca reiluro-3. 

2, nocTaHOBKa SKCIIepuMeHTa H 'ycnoBHll H3MepeHHil IIOJlp06Ho OIIHCSHbl 

B. paHee orry6~uxoBaHHbiX pa6oTax 16 •1 1• EnnHCTBeHH~e cymecTBeHHoe oTn.u

'lue TeXHHKU H3MepeHuil IIO epaBHeHHIO C pa6oT~il l6l no KBS3HynpyroMy_ Bbi-

6HB8HHIO He 4 cocTOliiiO B TOM, 'ITO OCHOBHbiM peJKH~OM pa6oTbi snexTpo

HHKH 6biii peJKHM _ H3MepeHUll CneKTpOB no BpeMeHH, rrponeTa,. Dpu STOM CTapT

CHT'HSIIOM Ha B~one BpeM~-aMIIIIHTYI:IHOT'O·KOHBepTOpa l 8 l CilYJKHII CUT'HSII 

C'leT'IUKa C 3 , rrocitenHero Ha 6a3e nponeTa. HMnynbCbi C'leT'IUKa C 1 , \ 

nepBOT'O Ha 6a3e npOIIeTa, aanepJKHB!llltlCb lj>HKCHpOBSHHOil IIHHHeli aanepJKKH 

H nOJlSBSIIHCb Ha CTOn-BX0/:1 KOHBepTOpa, AMniiHTYAH8ll J:IHeKpHMHHaUHll npo

TOHOB H neliTpOHOB no YJlellbHOll HOHH3SUHH H noTepe SHepT'HH B C'I~T'IHKax· 

x) · 151 · . ·. 12 10 
B pa6oTe uaMepeHne- sHepruu neliTpOHOB ua peaxuuu C(p , p d) B 

COIIpOBOJKJlSilOeb H3MepeHHeM Ha COBnaneimliX SHepT'HII paCCeliHHbiX npOTOHOB, 

B OCTain,HhiX OIIhiTSX npOTOHbi. He perlleTpllpOBanlleb, . 
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C 2 , C 3 {eM, pile. 2 pa6._ 161 ) II03BOilliila cseCTII • 

rrpaKTII'IeCKH K 'lncny peT'IICTp~pyeMhiX lll:lep He 3 
, 11 

113IIIIWHeil 3arpy3KH KOHBepTopa. Ct'on..:CHT'HSIIbl OT C'le 

BSeMble ·npOTOHSMH II neliTpOHSMH, B OCHOB,HOM, TaKJKe 

no SMIIIIIlTYJ:Ie IIMIIynbCS B. C , Llnll YIIY'IWeHHll SMII, 
I . . 

B C1 B OniiCbiBaeMOil CepHII H3MepeHIIH TOIIIlliiHS CUIIH' 

na yBeiln'leHa'no 0,5 eM. B ycilOBHliX sxcnepiiMeHTa, m 

Bb!COTe (lliDB) B cneKTpe no BpeMeHII nponeTa B 3Ha• 

onpenenliiiSCb IIMnyilbeHbiM pacrrpeneile.HIIeM 'ISCTHU rry· 

• 5 HCeK /:lilli He 3 
H 6 HCeK JliiR d , Dp11 paeeTOliHil 

Mll-nponeTHOT'O cneKTpa B nec~TKII HSHOCeKyHJl TSKOe 

Jl0CT8TO'IHO /:lilli 'leTKOT'O Bbl/:leileHIIll 'laCTHU C orrpenen 

M/Z (pile, I), 

Llnll onpenerieHIIll ··alj>tjleKTHBHOCTH per11cTpauuu H 

C *TOilCTbiM" CUHHTIIIIIIliTOpOM IIpll .BaeneHHII aMnilHTYJl 

npOTOHOil H nei!TpOHOB 6bll!H 113MepeHbl SMIIIIHTYJlHble C 

C'leT'IIIKa C a , Ha p11e. 2 IIOKaaaH CIIeKTp TSKilX HMI 

IIIIHeilHbiMH BopoTaMII, xo'ropbte yrrpaBIIliilHeb eiiT'HanoM 

•. H 3 
HacTpoeHHOH Ha perncTpau11ro , e no BpeMeHII npo1 

Hanax CXeMbi COBIIaJ:IeHIIll IIpll CHliTIIH IIpiiBeneHHOT'O Cr 

. qTO perueTpHpOB8IlSCb H He3HS'IIITellbH8ll '18CTb. nei!Tp< 
. . • • ' . • 3 

pe III!K C. MeHbWeil CP.enHeil ~MniiiiTYJlOll, 'I eM He 
. 3 

perucTpaunll He He. IICIIo~aoBanlleb. 

3, BbteOK03HepreTH'I?CKall 'laCTb cnex~pa llnep 

113
•sL· .•. "g B. - t-2 .C 

' . 1 . ' . f! ~ • II· 16_ 0 non yrnoM 5,4° K Ha 

ro rry'IKa, H3Mepllnaeb B HeCKOIIbKHX ceaHcax pa60Tbi 

CpaBHeHue peayilbTaTOB, nony'leHHbiX B J:l!i3HbiX eeaHCl 

a6COIIIOTHOe- 3HS'IeHIIe . BbiX0/:18 He3 
BOeiip OH:;'BOJ:IIIIIOel 

a WKana IIMnynbCOB - C TO'IHOeTbiO 0,3%,, Llnll B3SIIMH 

TYJlHoro 11 ·Bpe.Mll-rrponeTHoro pe·JKIIMOB perJicTpaUIIII -e 

II. 160 naMepliiiCll B o6o11x _peJKnMax. B · rrpenenax yx. 

IIIOJlSIIOeb eOBIISJ:IeHI!e nony'leHH!_-IX CIIeKTpOB, 3KCIIeplll 

TO'Ie.K eiieKTpOB (pile, 3) SIBIIliiOTell eTaTileTuqeeKIIMH, 
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o6paaoM 1 aonpoc o cnoco6-

npH.coynapeHHH C npoTOH~MH 

OCTBBBITCSI OTKpbl-

- '!aCTII'IHbi~IH npOTOHOB a 

tJKnaroweecH nepena'leii a -accouiia-

ayKnOHHbiM. adCOUIISUIIHM on

aHaiTOI'II'IHb!X 3KCnepiiMeHTOB 

acex ynoMHHYTbiX; _BbiWe pa

y'laCTKII cneKTpa ~pal'MeH-
, . ' . 

yPnOM ( 4-8° na6,CIIC'I",) K Han-

COCTOSIITa B _II3MepeHIIII All~ 

II3 nel'KHX SIAep !'eiTIISI-3.c 

peni!I0-3. 

pacceSIHIIH npOTOHOB 

ynpyPo!'o p He 3 
-pac

B OAI!HaKO-

1!3MepeHIIH rronpo6HO Oni!CBHbl 

EAIIHCTBeHHOe cymeCTBeHHOe OTnH

pa5oT~H / 6 / no KB83Hyrrpyl'OMY Bbl

pelKIIMOM pa60Tbl aneKTpo-

.. nnn<>TA, J1MrrynbCbl C'leT'IIIKa C 1 

nliHIIeii aaneplKKII 

II ITOTepe aaepl'IIII B C'le_T'IHKBX. 

II3 peaKUI!ll 
12 

C( p 1 p d) 
10 

B 
paCCeSIHHbiX ITpOTOHOB, 

,.,...;;< 
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C z 1 C 3 ( CM,. puc._ 2 · pa6. 161 ) noaaonstna caeCTH •mcno cTapT-CHPHanoa 

npaKTH'IeCKH K 'IHCny pel'HCTpHpyeMbiX S!Aep He 3 
1 

H TeM CBMblM H36eJKaTb 

H3ITHWHeH 38l'py3KH KOHBepTOpa. Ci'on..;CHI'HBITbl OT c'IeT'IHKB C I 
I Bbl3bl-

BBeMble ·npOTOHBMH. H AeHTpOHBMH 1 B OCHOB,IIOM. TBKJKe AHCKpHMHHHpOBBITHCb 

no BMniTHTyAe HMnynbCB B C 1 , nnsr yny'IWeHHSI BMniTUTYAHOI'O paapeWeHHSI 

B C1 B OnHCbiBaeMOH cepHH H3MepeHHH TOITlli.HHa CUHHTHITnSITOpa C I 6bi-

na yaenn'leHa.AO 015 CM, 8 YCITOBHSIX 3KCnepHMeHTa, WHpHHa nHHHH Ha nony

BbiCOTe (lllnB) B cneKTpe no BpeMeHH nponeTa B 3Ha'IHTenbHOH CTeneH~ 
onpenensrnacb HMnyl!bCHbiM pacnpeneneaneM 'laCTHU ny'!Ka H cocTasnsrna· 

• 5 HCeK AITSI He 
3

. H 6 HCeK An~ d , npn paCCTOHHHH MelKAY TIHKaMH, Bpe-

MH-rrponeTHOI'O cneKTpa B AeCHTKH aaaoceKyan TaKoe paapeweane anonae 

AOCTaTO'IHO AnSI 'leTKOI'O BbiAeneHHH 'laCTHU C onpeneneHHbiM OTHOWeHIIeM 

M/Z (piic, 1)~ 

nnSI onpeneneHIIH ··a~~eKTHBHOCTII pel'HCTpaUIIH He3 
B C'leT'II!Ke C 

3 

C wTOnCTbiM" CUI!HTIInnSITOpOM npn _BiieneHHII BMTini!TYAHOH AIICKpi!MIIHaUIIII 

TipOTOHOI3 II AeHTpOHOB 6bllr1I II3MepeHbl aMnni!TyAHble CneKTpbl IIMrrynhCOB 

C'leT'IIIKa C 3 , Ha PIIC, 2 noKaSaH CITeKTp TaKIIX IIMTiynbCOB
1 

rrponyweHHblX 
. ' ".· ---"\ 

niiHeHHbiMII BOpOT8MII 1 KOTOpb!e ynpaBnHniiCb CIII'HanoM CXeMbl COBITSA~_HHH 1 
aacTpoeaaoii' Ha pel'IICTpaniiiO He 

3 
no apeMeHII- rrponeTa. 3aneplKK,II B Ka

Hanax CXeMbl COBITBAeHIIH rrp11 CHHTIIII ITPI!BeAeHHOI'O CITeKTpa Bb16pa~bj ·TaK
1

. 

. 'ITo pePIICTpiipoaana~b II aeaHa'II!TenbHaH 'laCTb neiiTpoHoa, naromiix- a crreKT-

pe niiK 6. MeHbWeii CP,enaeii aMnnnTyAOJi, '!eM 

pel'IICTpani!II He 
3 

ae IIcnonbaoaaniicb • 

He 
3 

• AaTncoarraneHIIH npn 

3. BbiCOKOaHepl'eTII'I~CKaSI 'laCTb cneK:pa HAep .He3 
, Bbi61IBaeMbiX 

~a' 6 Ll ~ ; .9 
Be-, ·,

12 C-· 11· 
16
-0 non yl'nOM 5,'4° K Hanp.aaneHIIIO np.OTOHHo-

1'0 ny'!Ka, II3Mepsmacb B ·aecKonbKIIX ceaacax pa60TI;>l CIIHXPOUIIKnoTpoaa • 

CpaaHeHIIe peaynbTBTOB 1 .nony<ieHHbiX B p_a3Hb!X ceaHcax
1 

noKa3biBaeT, ·'ITO 

a6COITIOTHOe 3Ha'!eHIIe BbiXOAa He3 
BOCnpOII::IBOAI!nOCb C .TO'IHOCTb!O. B 9%,· 

a WKana HMITYITbCOB - C TO'IHOCTb!O 0,3%, nnSI B3aiiMiiOI'O KqHTp~n~ _a¥ITITII

TYAHOI'O II . BpeM~ -nponeTHOI'O peiKIIMOB . pel'UCTpaimii · c'ne.KTp1 .. !-le 3 • 'II3 6 Li 
16 . . · .. ' . . :.. - .• . ··''"' ••. 

II. 0 1!3Mepstncsr B o6oux _peJKI!Max. B ·rrpenenax yKaaaaaoii T.O'IHOCTII aa6-

nronanocb coarraneaue nony'!eHH_bJX crreKTpoa. 3KcrrepiiMeHTanbHbie owu6~u 

TO'IeK CITeKTpOB (puc, 3) SIBITRIOTCSI CTBTI!CTllqecKIIMll, Bee TO'IKI! CITeKTpOB 

5,:. 
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Pnc,l• Tnnn'IHhre aMnliHTYAHhre cneKTphi aa BhiXo;:te ~P.e.MSI-aMnliHTYAHoro KOH
BepTopa; nyqoK 'laCTHU c HMnynbCOM 880· ZM9B/c,_ 6aaa- 14,5 M, 
CneKTP '6'' naMepea npn 6onee BhiCOKOM nopore aMnliHTyAHOll AHC
KpHMHHaUHH B C'leT'IHKaX, '!eM cneKTp 'a', 

6. 

. ;. 

.. ~\ ·. 

I 
J. 
" 1 r 
r 
e 
\· 
J 
( 

I 
-~-

•i 

q2 

30 ItO~ 
a. H1 

.r 
Pnc,2, YcnoBHSI perncTpaunn He 3 

• a. AMnnw 

B C'leT'IHKe C 3 C Tollml!HOIO CUHHTHIIIIH' 
B, 3!jl!jleKTl!BHOCTb perncTpau'nK He 3 ripn 
KPKMKHaUKll B C'leT'IHKe C 3 • A I A -o 
HBUHll K CpeAHeMy 3Ha'leHHIO aMUIIHTYAhl 

He 3 
• Pa6o'!ee aaaqeane A/ A =0,79 •. 
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30 40J.. 50 

a. Hr · NK. 

P11c.2. Ycnoa11n periiCTpaUIIII He 3 
• a. AMIIIIIITY.IlHhiil ciieKTp IIMrrynhcoa 

B C~9T~IIK9 C3 C TOIImHHOID CUIIHTIIIIIIRTOpa IIO OCII rryqKa 10 CM, 

a, 3tjltjJeKTIIBHOCTh perucTpalillll He 3 
rr·pu aae.QeHIIII aMrriiiiTY.IlHOil auc-

KpiiMIIH8UIIII a c~eT~IIKe C 3 • A I A -oTHomeHue nopora .QIICKpiiMII-

Hauuu K Cpe.QHeMy 3H8~9HIIID 8MIIIIIITY.Qbl IIMIIYIIbCOB, o6yCIIOBII9HHbiX 

He
3 

• Pa6o~ee aHa~eHue A/ 1i..=0,79 •.. 
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IIMeiOT
1 

KpOMe TOI'0 1 06utyi0 1 15%-HyiO HeonpeneneHHOCTb 1 CB!I38HHYIO. C a6co

niOTHOfi Kan116pOBKOfi II.BBe)leHIIeM UOUpaBOK, 

J13MepeHH8H 'ISCTb cneKTpOB IIMeeT TSKOfi )Ke xapaKTep, KSK ll Upll Bbl-

611B8HIIII He 4 : np11 Bbt6HBaHIIII 113 
6 

Li 11 
9 

Be aa6nronaeTCH niiK c MaK

CIIMSnhHbiM BbiXO)lOM He 
3 

np11 -IIMnynbce, 6nii3KOM K IIMnynbCY He 3 113 yn-

pyroro pHe 3 -pacce!IIIIIH ( 1803 Msa/c). CneKTpLt, CH!ITbte c MllllleHHMII 

12 C II 16 0 B ycnOBIIHX 6,5%-HOI'O HMnynbCHOI'O pa3pellleH11!11 06Hapy)KIIB810T 
·.J . Msa 

onpeneneHHYIO HeMOHOTOHHOCTb npll IIMnynbCe OKano 1800 ---C-

CneKTpbl B036y)KJleHIIH OCT8TO'IHOI'O H)lpa II napU118nbHbte IIMnynbCHbie 

pacnpeneneHIIH accou11aullfi, B KOHe'IHOM C'leTe onpenenHJOutlle cjlopMy cneK'I_'pa 

He 3 B o6nacTII KBYP, B aacTO!Iutee apeMH Heii3BeCTHbi. Pac'IeTLI 1 BLmon

HeHHbie B pa60Te / 9 / HB OCHOBe UOniOCHOI'O np116n11)KeHIIH 6e3 cjlOpM!jlaKTOpOB 1 

d2 
npe)lCK83biB8iOT MSKCIIMYM B CJ!eKTpe ___ a_ peaKUIIfi Tllll8 ( p, pd) B6m!311 

dpd dOd 

cpenaero 3Ha'leHII!I IIMnynbca, KIIHeMaTII'IeCKII cooTBeTcTayromero KBYP. CneKTP 

HMeeT aCIIMMeTpii'IHYIO cjlopMy: cpaBHIITenbHO pe3KO ,OI'paHII'IeH Upll 6onblli11X 

IIMUynbCSX Bbi611BaeMbiX cjlpa!'MeHTOB II nnaBHO npOCTIIpaeTC!I B o6naCTb MeHb

lliiiX 3Ha'leHIIfi IIMnynLca. OnaaKo ocaoaaofi BKnan KBYP B cneKTp nefiTpoaoa 

MO)KHO on11caTb KpiiBafi, 6nii3KOfi K rayccoaon.c nonylllllpiiHofi OKano 7% nn11 

6 Li 11 9% nnH 9 Be • Y'leT cjlopMcjlaKTopa 19 1 cymecTBeHHO np116mnKaeT 

cjlopMy ·cneKTpa K rayCCOBOfi, HeT OCHOB8HIIfi Q)KIIJl8Tb 1 'ITO :3TII coo6palKeHII!I 

HenpHMeHIIMbl B cny'lae BLI611B8HIIH cjlparMeHTOB 1 6onee CmllKHbiX1 'IeM nefiTpOH 1 

B npoUeCCSX KB83Hynpyi'OI'O paCCe!IHII!I npOTOHOB H8 HyKnOHHhlX ~CCOUI!Bllii!IX 

B nerKHX !1/lpax, Ecn11 y'leCTb, 'ITO aa6nronaeMLifi HaMH cneKTp nony'leH B 

cneKTpOMeTpe, co6:TaeaHaH cjlopMa n11111111 Ka:oporo IIMeeT npaKTII'IeCKII rayc

coay cjlopMy c· nonylllllpiiHOfi 6,5%, MO)KHO nyMaTb, 'ITO npaBIInhHall oueHKa 

ce'leHIIH KBYP MOlKeT 6biTb nony'leHa annpoKCIIMBUIIefi aa6nronaeMofi 'laCTII 

cneKTpa B o6nacTII p ~ 1800 · Msa/c . aopManbHbiM pacnpenenea11eJ. Cpen

aee 3Ha'leHIIe aopManb~oro pacnpeneneHIIH 6Lmo npHHHTO paBHLIM 1783 Msa/ c 

nnH 6 Li 11 i 768 Msa/c nnH 9 Be ; HopMIIpOBKa 11 n11cnepc11H pacnp.enene-

Hllfi HSXOJlllniiCb MeTOJlOM HSIIMeHblliiiX KBanpaTOB .no :3KCUep11MeHT8nbHbiM TO'I-

KSM np11 p > 1780 Msa/c, I13MeHeHIIe cpenaero 3Ha'leHIIH pacnpeneneaafi 

B npenenax
1 

COOTBeTCTBYIOlltiiX OCHOBHOMY COCTO!IHHIO OCTSTO'IHOI'O SIJlp8 1 na-

60 era nonHOMY pa3Bany Ha HyKnOHbl 1 113MeHHeT HOpMIIpOBKY pacnpeneneHIIfi 
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nnH ynpyroro pHe 3->pHe
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CBR38HHY~ C a6co-

OB HMeeT TBKOH me XapaKTep, KBK H npH Bhi

H3 
6 Li H 

9 
Be Ha6n~J:IaeTCR ITIIK C MaK

HMI1YI1bCe, 6nH3KOM K IIMI1YnbCY He 3 H3 yn

Msa/c) •. CneKTpbi, CHRThie c MIIWeHRMII 

HMnynbCHOI'O paspeweHIIR, 06HapymiiB810T 
Msa 

IIMnynbce oKono 1800 --c--
. .,.; 

RJ:Ipa 11 napullanbHhie HMnynbCHhie 

cqeTe onpeJ:IenRJOWIIe ~opMy cneK~pa 

apeMR neii3BeCTHhi. PacqeThi, Bhmon

non~cnoro np116n11meHIIR 6es ~opM~aKTOpoa, 

d 
2 

a " 
KTPe ------ peaKUIIII Tllna (p,pd) a6n11s11 

dpd dOd 
KIIHeMaTIIqecKII cooTBeTCTBy~wero KBYP. CrreKTP 

cpaBHIITenbHO pe3KO.OI'p8HIIqeH 11p11 6onbWIIX 

~PHTOR II 1111BBHO llpOCTIIpaeTCR B o6naCTb MeHb-

0 ocnoanoii BKnaJ:I KBYP B cneKTP J:leiiTpoHoB 

K rayccoaoii c nonyw11p11Hoii oKono 7% Ann 

T ~OpM~BKTOpa /9/ CyWeCTBeHHO 11p116n11maeT 

qTo STII coo6pameHIIR 

~pa!'MeHTOB, 6onee cnomHhlX, qeM J:laHTpOH, 

_,acceRHIIR 11p0TOHOB Ha HYKI10HHhiX aCCOUIIBUIIRX 

Ha6nJO):IaeMhlii HaMil cneKTP nonyqen B 

annpOKCIIMBUIIeii Ha6n~J:IaeMOH qaCTII 

. HOpManbHhiM pacrrpe):leneHIIeM. CpeJ:I

tcnpeJ:~eneHIIR 6hmo npnnnTo paBHhiM 1783 Msa/ c 

110 3KCI1epiiMaHT811bHhlM TOq-

•sMeHeHne cpeJ:IHero sHaqeHIIR pacnpeJ:IeneHIIii 

113MeHReT HOpMIIpOBKY pacnpeAeneHIIH 
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noll yrnoM 5,4° n.c. K nyqKy rrpoToHoa 

c T .. ~65 Msa. 3KcnepnMeHTanbHoe paspewen11e no HMnynbcy coc
Taanne'I'· 6,5%, .(lllnB). CTpenKoii yKasano snaqe1111e HMnynbca He 3 

J:lnn y~pyroro pHe
3 

... pHe
3
-pacceRHIIR a _Tex me ycnOBIISIX: P

11
.a · = 

=180~ Msa/c; T 11.a = 528 Msa. · 
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• .. 

Ha :!: 4% nmi 
6 

Li, H ;!: 14% nnSI 
9 

Be ,. nonytteHHhie TBKHM 00p830M 3Ha-

11eHHSI CetJeHHH COOTBeTCTBYJOT npennono1KeHHIO 0 TOM, tJTO BeCb BbiXOn He 3 

c HMnyn&COM > 1780 Maa/c ooycnoam:iu KBYP. npyroe Kpaifuee trpennono1Ke-

HHe 0 BKnane HenpepbiBHOif tJBCTH. CITeKTpa COCTOHT B TOM, tJTO a TOT BKn!llt 
6 .·. 9 ·<.· ·:· ' '~.:.. -·. ,. 

paaeu 30% nn11 Li H 40% .. nnSI B.:; .• 'B Taonaue 1 npaaeneubl cooTaeTCTayro-,. 

mne cpennue 3HatteHHSI c ytteToM aion neonpeneneuuocTH_• To'lnoc~& ceqenaif 

.KBYP, !jpHaeneHHbiX B Taomrue, B OCHOBHOM onpenenSieTCSI TO'IHOCTbJO onn

CBHHOif".,,Bhlme npouenyphi Bhitteneun.SI BKnait'~ KB83Hynpyroro ~acceSIHHSI, 
12 16 

naHHbte, nony'leHHble C MHmeHSIMH C H 0 
1 
_n03BOnSIJOT OUeHHTb 

nHm& aepxuroro rpanHuy aKnana KBYP a· HaonronaeMhiif cneKTp a npennono-

1KeHHH 1 'ITO Cpennee 3HB'IeHHe HOpMan&HOI"O pacnpeneneHHSI'COOTBeTCTByeT 

nonnoMy pa3aany· ocTaTo'lnoro smpa ua nyKnOHhi, HopMHpoaKa ·pacnpenenenHif 

ocymeC'I'Bn!tn.aCb npH aTOM KBK I! llUSI. Li , Be no aKcnepHMeHTan&HhiM 'I'OtJ-

KaM npn p > 1780 Mas/c. 

nn~epeHUHBnbHOe Ce'leHHe ynpyi"OI"O pacceSIHHSI npOTOHOB CBOOOllHblMH 

smpaMH He 
3 

{ 8 3 = 5,4° n.c., q = 8,8 ljlM-1 ) Ohino H3Mepeuo a ycno-
He i 

BIISIX, onH3KHX £. ycnOBHSIM' OUbl'I'B 17 I. Hcnon&30Banacb I"B30BBSI MHmeHb c 

uanonneuneM 77% He 
3 

a 23% He 
4 

non oomHM naaneuneM 1 . aT, np11 ljlo

HOBhiX H3MepeHHSIX II KBUHOpOBKe no peaKUIIII pp-> d ~+ npHMeHSIUSCb HtteH

'I'IItJHBSI MHmeu&, nanol;J~eHHaSI aonoponoM. CnooaaKa 'He 4 a aonopone no3ao-

nSina KOMnencHpoaaTb C'leT, Bhi3BaHHhiif npHcyTCTBHeM He 4 a 'He 3 - MHme-

HH'). <f>OH B OonaCTII UI!KB ynpyi"OI"O pHe 3
- pacceSIHHSI B HMnyn~CHOM CITeKT

pe smep OTnattH He 
3 

COC'I'aBnSin 30% CtJe'l'a 0'1' 'He3 - MHmeHH.r, 3aBHCHMOCTb 

C'leT~;t He 
3 

OT I!Mnyn&ca UOC·ne l'lbl'IIITBHHSI tPOHa npHBetteHa Ha pHC, 4, 

Bhixon He 3 
c HMnyn&coM oKono' 1800 Maa/c annpoKCHMHpoaancSI HOpMan&-

HhiM pacnpenenemreM co cpenHHM 3Ha'leHneM 1803 Maa/c, Onpenenen11e nayx 

CBOOO}:lHbiX napaMeTpOB Me'I'OllOM HBI!MeHbmHX KBanpaTOB ITO TO'IKaM C 

p> 1800 Maa/c naeT .t\p/p = {7,5 :!: 1,2)% (liJnB), 'ITO HBXOAII'I'CSI B COOT-

BeTCTBI!II CO 3HS'IeHI!eM 8,2%, nony'leHHhiM HB • .H 
2 

- MHmeHH' npn !laMe-

. + peHHII annapaTypHOli ljlopMbl UIIHIIII II Bh!XOAS neif'l'pOHOB 113 peaKUIIII pp -> d 11 , 

nocne BBeneHHSI nonpaBOK Ha a~eKTHBHOCTb pei"HCTpa~HII.C'IeT'IIIKOM C
3 

{0,85;!:0,05), pacceSIHHe a aemecTae no nocnenHHX C'leT'IHKOB (0,94±0,05), 

B03M01KHhiif BKnan ljloHa non nHKOM ynpyroro pacceSIHHSI (0,12 ± 0,07) H npy-
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9 :!: 14% JlliSI Be ,. nony'l:eHHble TBKHM o6pa30M 3Ha-

rrpeJlii01IO)[(eHH~ 0 TOM, 'ITO BeCb BbiXOil He 3 

o6ycnoemlH KBYP, llpyroe KpaiiHee l'lpennono)[(e

qacT~,cneKT~a COCTOHT B TOM, 'ITO 3TOT BKliSil. 

B OCHOBHOM OrrpeJleliSieTCSI T.O'IHOCTbiO' onH-
. ·~ . -~ 

BbiJlelieHHSI BKliBilS KBS3Hyrrpyi'OI'O paCCeSIHHSI, 

12 16 
. C~H 0 ,_ ~.Q3B01ISIIOT OUeHHTb 

Illi6niOJlaeMbtii cneKTp B npenuono-

HOpMalibHOI'O pacnpeneneHHSI'COOTBeTCTByeT 

Sinpa Ha gy'KnoHbt, HopMupoeKa ·pacnpeneneHuii 

Li , Be no 3KcnepuMeHTalibHLIM TO'l:-

ynpyi'OI'O pacceSIHHSI npoTOHOB CB060JlHhlMH 

q .= 8,8 <J>M-
1 ) 6btn0 H3MepeHO B ycno

/7f, Hcnonbaoeanacb raaoeaSI MuweHb c. 

noll 06WIIM llBBlieHHeM 1 . ST, np11 <J>p-

li116pOBKe no peaKUIIII pp ... d ~+ npHMeHSiliSCb IIJleH-

.SI BOilOPOilOM, (llo6aBKa ·He 4 
B BOJlOpOJle II03BO-

BLI3BBHHblii npHcyTCTBIIeM He 4 
B •He 3 - MIIWe-

ynpyroi'o pHe 
3

- pacceSIHIISI B IIMnyn~CHOM cneKT-

3 . 
30% C'leTa OT •He - MIIWeHII', 3aeliCIIMOCTb 

l3LI'l:HTaHHSI <J>oua np11eeneHa ua imc. 4. 

OKOIIO 1800 M3B/C annpOKCIIMIIpOBaliCSI HOpMSlib-

cpelli!HM auaqeuueM 1803 M3e/c, Onpeneneuue neyx 

MeTOJlOM HSIIMeHbWIIX KBSilpaTOB no TO'l:KaM C 

pfp. = (7,5 :!: 1,2)% (llJnB), 'ITO HaXOJlHTCSI B COOT-

8,2%, nony'l:ei!HbiM HS ' H 
2 

- MIIWeHH' Ilpll naMe-

liHHHII II BblXOJla JleifTpOIIOB 113 peaKUIIII pp ... d 11 + • 

liB 34><!>eKTIIBHOCTb pei'HCTpSUIIH C'l:eT'l:liKOM C 
3 

B Beii{eCTBe llO nOClieJlHHX C'l:eT'l:HKOB (0,94±0,05), 

non miKOM ynpyroro pacceSIHHSI (0,12±0,07) H Jlpy-
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I'H8 1 MeHee CynteCTB8HHbl8 ljlaKTOpb1 1 nony'IeHO 3HS'I8HHe C8'I8HHSI B 

na6. CHCTeMe 

d a o -30 2 -1 -·-1 ( 0 3 = 5,4 n,c,) = (4,3 +·1,0)•10 CM •CTep, 
dO pHJI He . -

'ITO COOTB8TCTByeT B C,U,H, 

-,J 
da o -31 -1 (0 =.168,8 ) = (9,9 + 2,3)·10 
dO pHe 3 

2 -1 
CM •CTep,. 

4, B Ta6naue 1, KpoMe peaynbTaTOB HacTOSinteii pa6oTbi, npaaeneHbi 

aaaecTHbie aa ony6naKoBaHHbiX pa6oT 14•6 •11 naHHbie no KBYP H~ neiiTpoH

HbiX H am,ljla'IBCTH'IHbiX BCCOUHSUHSIX B Slnpax, nc;>ny'IeHHhle npH pacCeSIHHH 

npoToHOB c saepraeii 665 Msa (675 Msa 141 ) a 6on&wax aaa'IeHHSIX nepe

naaaeMoro BCCOUHBUHSIM HMnynbca, a TSKJKe C8'I8HHSI ynpyroro p d H pHe 4.

pacCeSIHHSI, 8TH n~HHbie (nOK83SHHbie TBKJKe Ha pac •. 5) n03BOnSIIOT cpaBHHTb 

OTHOCHTenbHbie BbiXOnbi 6biCTpbiX Hnep d , He 
3 

H ·He4 , 'Bbi6HBaeMbiX 

npoTOHaMH non. onpeneneHHbiM ManbiM yrnoM K aanpaaneHHIO npoTOHHoro nyq

Ka. He6on&woe paani!'IHe B yrnax Ha6nroneHHH He HBnsmTCSI.lpH TaxoM cpaa-· 

HeH~II CynteCTB.8HHbiM, B CSMOM nene,· SKCTpanonHitHSI peaynbTBTOB. p~6ol4 • 10 / 
no yrnOBOH 3BBIICI!MOCTII ynpyi'OI'O pd -paCC8SIHIIH npH SHepi'HII npOTOHOB 

oxono 670 Msa noxaab!BaeT, 'ITO c yMeHbweaaeM yrna peracTpaitHH neiiTpo-

Hoa 0 d OT 7,6° no 5,4° C8'I8HHe paCC8SIHHH yBeni!'IHBaeTCH Ha .20-30%,_ C 

·npyroii CTOpOHbl 1 H3B8CTHO /5/ 1 'ITO C8'I8HI!e KBS3Hynpyi'OI'O Bhl6HBSHHSI neii-

TpOHOB B o6naCTH 6onbWHX nepenaaaeMbiX HMnyn&COB nocTaTO'IHO TO'IHO cne

nyeT 38 C8'I8HH8M CB06onHOI'O paCC8HHHSI, .llnSI Hltpa 
9 Be OTHOW8HHe BbiXO-

noB paBHO 

W :W 
He 4 He3 

wd 1 : 33 : '4. 100. 

B TO )Ke BpeMSI OTHOW8HHe COOTB8TCTBYIOntHX Ce'IeHHH ciJo6onHoro paCCeHHHSI 

paBHO 

(~) :(~) 
dO He 4 dO He3 

:(~) 
dO d 

12 

"'1:9,4: 1.200, 

!" 

-------

T1 

3xcnepuMeHTan&H~e 

6~CTpbiX <jlparMeHTOI 

665-675 Mas (6ea H 

<Uipa) H ynpyroMy p. 

d , He3 
H He4 B 

.fl.Jtpo 1 8.J rpa,Jt~ 1 do /n. dl CM1 

. na6.cact. 'iiJiV"'f :;,C~Nf 

li~ 7,6 1(2,9.:t0,6J•IO 
- /Je9 ··-··-- ·c2;2.:to,5)~to ---- . ----~------ ·--· -- --- ·--- ... -- ..... -·-· 

c12., • 
0'6 • 

(?, 7.:t0,8)_•IO 

(4,6.:ti,O)•IO 

.fl.Jtpo f4lJ2fa.iJ d&I'~N8P' CM~ 
· natcHct. djfl.f'l r:h~ 
~-6 5,4 (I,26.:t0,2.3).I 

- Ee9 • . . (I, 75.;t0,38).I 
c'z. • ~,I5,±0,62)~l 
0

16 
" • ·6 I O)•Io-

Ynpyroe 
· pacceauHe 

p+d~;J+d 

;;+lle3_.,.f'+ #e~ 

p+l(e~,P+IIe4 

Tp,M3B I~ ,r] . JiaCS.I 

675 7,1 
665 5,• 
665 5;' 



nony'I9HO 3H8'19HHe Ce'leHHSI B 

-30 2 -1 
1,0)•10 CM •CTep, 1 

-31 2 -1 
+ 2,3)•10 CM •CTep, , 

-.,"'-"'8TOB, HBCTOSIIUeii pa60Tbl1 npHB9A9Hbl 

/4,6,7/ naaHbie no KBYP H~ neiiTpoH-

B siApax, n'?ny'leHHbie npH pacceSIHHH 

5 Mss 141 ) H 6ollhniHX 3Ha'leHHSIX nepe

a TaKlKe ce'leHHSI ynpyroro p d H pHe
4

-

T8KlK9 H8 pHC,-5) n03BOnSIIDT cpaBHHTb 

, He 3 H ·He4 , ·BbJ6HB89MbiX 

yrnoM K uanpaaneHHIO npoTOHHoro ny'l-

ua6nroneHHSI He SIBnSieTCSI. !pH T8KOM cpaa-· 

..-~· 

1 
SKCTpanonSIUHSI pe3ynbT8TOB p~6ol4•10/ 

pd -paCCeSIHHSI npH SHeprHH npOTOHOB 

C yMeHbiU9HH9M yrna perHCTpaUHH !(eiiTpo-

pacceSIHHSI yaenH'IHB89TCSI HB 20-30%. C 

C9'19HH9 KB83Hynpyroro Bbi6HB8HHSI !(eii

HMnynbCOB AOCTBTO'IHO TO'IHO cne

CCeSIHHSI, LlnSI SIAPB 
9 Be OTHOIU9HHe BblXO-

w-d = 1:33:'4.100. 

a""'""''w"'"'"'" ce'leHHii c~o6onuoro pacceSIHHSI 

da 
:(-) :1:9,4:1.200. 

dO d 

12 

Ta6nuqa 1 

3xcnepuMeuran&Hble ASHH&Ie no xaaauynpyroMy B&I6naauuro 

6biCTpbiX $parMeHTOB d , He 3
, He 4 nporoHaMH c sueprueft 

665-675 M3B (6e3 HAe.HTH$HK8IlHH COCTOBHHSI OCT8TO'IHOrO 

SIApa) H ynpyrOMy pacceSIHHIO·npOTOHOB Ha CB060AHbiX SIApax 

d , He3 H He4 B rex JKe ycnOBHSIX. 

~po ~6rpa,Jt~ do<A d) CM' 17./ ueqeuws peax· 
nd nxx. H3KepeHH 11a .cxcr. tiJi ,f 'CJN,D'A.c. .. (AI:.) B_~aClore 

lJ'i- J,_6 _____ (2,9.t0,6)•IO·c·t ?,3.:~;!,6 I,5l:t;0,45 ---·- ·· T · -27 0 ,-89 .tO' 28 ··-eel} " ~?· 2.±9·~ .• ~~- -······ _4_t_~~!3_ n~c.Axrxpest;4 -···-·- ------------ -·. 
• .ltP· c'z " (3, 7.t0,8)• ru-27 

~,7~?!I I,I~,34 
( . ) .. ·.:.27 - .... 

0'6 " 4,6.ti,O •IO 8,4.:~:2,6 I,~5.,t0,32 

I 

-

~poI &tt,, t,oaiJ ~£ANHe) CM
2 A.c nM 

Jla eCHCT • d/L 7 JCTtp ' (Af3) 
_;{t fj 5,4 

Be9 " j(I,75.,t0,38).IO-::I4,Lti,I II,4.,t0,4 I uacr.pa6ota 
c':. " 
016 " - - - .. 

H,npo 

J:i6 (3,6JP,7)•I0-3I ko,a.o,2 l0,5g.Q,I3 B.M.KOKapOB~ .. 

(5,4.ti,2J•I0-3I I,<±0,3 ·o,5~,I3 Be9 " r .E.KocapeB,/6/ . ,· 3! 
C'2. " ~8,~3,0)•!0- ZJ,O.,t0,.9 I,3,t0,3 . O.B.CaBqeHKO 

Ynpyroe Tp,MaB 6?c ,rpa,Jt. d& Gl(2 . ' 
ceqeuHe H3Ke-

· paccesiHHe Jial1.cxcr. tl./2. 'emiJi ''II.C. peuo B paClore 

p+d~,P+d .675 7,6 (0,55.t0,I2)•IO~ ·- /4/ 
~ +lle3~ I'+ #e~ 665 5,4 (4,3.ti,O)•I0-30 uacr.paClora 

p + l(e "--'>-f!+ lle4 665 5;4 (4,6.ti,2)oiO-SI 171 -·· 

-
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Pac,5, .Uatl>¢epeauaanhHbie ce'leHHSI KBaaaynpyroro pacceRHHSI npoToaoa c 
T = 665-675 ~aa B peaKUHSIX A(p,pX)Ha nerKHX Rnpax H ynpyroro 

paCCeSIHHSI pX-> pX npll 60nhWIIX nepeAa'laX I!Mnynhca HyKITOHHbiM 

aCCOUilaUIISIM, 
To'IKaMH c liuneKcaMil 1,2,3 o6oaHa'leHbi ce'leHHSI peaKUilli: 

1. l.X=d , yron ~eracTpaUHil neli:TpOHOB B na6:· cacTeMe 0 d. =7 ,6 °, 
·naHHble pa60Tbl 41 ;. 2. X=He3, one3 = 5,4°, naHH£tie HfCTOSIWeli: 
pa6oTbi; 3. X=He 4 , One• ,;. 5,4°, nauable pa6oTbi. 1 ;_.--? -·ce'leimR 
cao6onHoro pacceSIHIISI, y - aepXHSISI rpaaaua Kaaallynpyroro pac

ceSIHIISI. 

14 

TaKoe cooTBeTCTBHe ce'leHali KBYP 1i 

.· qTO BblXOA ·6biCTpbiX cjlparMeHTOB onpe, 

paCCeSIHHSI IlpOTOHOB aCCOUHaUIISIMilo 0 

cao6onaoro pacceSIHHSI, aMeiOmae CMbi• 

uaauali:, npaaeneHbi aa puc. 6, x) ~ · (.U 

o6o~a'leHHbie · 11epea n" , noneneai 

COBOe 'IHCITO SIApa-MHW8HH 1 a m - 'IH 

noKaaaHbi peaynhTaTbi pac'l.eTa atl>¢eK1 

Monena 12•31• 3KcnepaMeHTanhHbie. 31 

AO MHO:lKHTeiTSI 1,5-2 .MoryT 6biTb Bbl'l 

·HHe paCC8SIHHSI Ha aCCOUIISUHH paBHO I 

pe, a nonaoe acjlcjleKTHBHoe 'lllcno ace< 

HOB S!Apa A Ha 'IHCITO HYKITOHOB B ace 

Ha TpeXHYKITOHHblX 8CCOUII8UHSIX1 npHB 

anonae aaanorll'IHO pacceSIHHIO Ha AB~ 

06pamaeT aa ce6n· BHHMSHHe TOT cjlaK 

3~4-HYKITOHHbiX aCCOUHSUIIHi H3MepeHH 

IOTCSI C yKa3aHHOfi Bbl!ll8 TO'IHOCTbiO { 

AHT o61>SICH8Hil8 B paC'Ie~aX /2,3/, IIC 

· nerKHX SIAep. 

.B uenoM na6niOnaeMan coBOKYill 

ecna npennono:H<I!Th, 'ITO Mexanl!aM o 

'188MOfi o6naCTH 3Heprllfi COCTOIIT B I 

npoTona c HyKnonnoli: accouaaurteli:, n 

UH8UHi!: 1 CITOC06HbiX BOCITpllHSITb 60nhU 

HOCTbl01 'ITO H COOTBeTCTBYIO!IlHe CBO 

C'IHTBHHbiM ·B paMKSX o6ono'le'IHOli M• 

C TO'IKH apeHHSI nacnepcaonnoli: 

AaHHble ITOATBep:H<ASIOT npeACTaBneHHE 

6biCTpblX ciJparMeHTOB B o6naCTH ITIIKI 

nan n11arpaMM~ 19•111 , a npaaeneHHI 

x)npa_ Bbi'IHCneaan nne• B pa6oTe 
16 

c~o6onnoro pHe 4 - pacceSinHn na 5% 
yKaaanbi ana'leHHSI, nony'leHHbie noc 

B C'I8T'II!KaX, 



-,J 

3 

ceqeuug KBaauynpyroro pacceRHHR npoTOHOB c 

B peaKUHRX A(p,pX)ua nerxux HApax u ynpyroro 
npu 6ol!bnmx nepenaqax HMnynhca uyxnoHHhiM 

uunexcaMI! 1,2,3 o6oana'leHhi ce'leHIHI peaxunii: 

J?t~rncTpaul!n neiiTpouos s na6, -_ CIICTeMe 0 d _ =7 ,6 °, 

i- 2. X=He
3

, olle3 = 5,~o, -~aHH!f}e_!IfCTORw_eii 
5,4°, naHHhie pa6oThi. 1 • ? - ce'!eHHR 

- sepXHRH rpannua xsaanynpyroro pac-

14 

·~ 

Taxoe cooTseTCTBHe ce'!eHI!li. KBYP li cso6onuoro pacceRHHR noxaabiBaeT, 

_.'ITO BblXOil '6biCTpbllt ljlparMeHTOB onpenenHeTCR BeiTH'IHHOli. Ce'!eHHR,·ynpyroro 

pacceRHHR npoTOHOB accounaunRMH. OTnoweHHR ce'!eunli. KBYP K · ce'!eHHRM 

CB060ilHOro pacceHHUR, HM910WIIe CMbiCIT iionuoro acf><lleKTHBHOrO 'IHClia acco

UHaUHli., npHBelleHbl Ha puc, 6. x)., (,nng yno6CTBa cpaBH9HHR 3TII. 0!HOW9HIIR, 

o6o~a'!eHHbie · qepea n x , noneneHbi na Benn'IIIHY A/m , rne 'A - Mac-

COBOe 'IHCITO R!lpa..;MHW9HH, a m - 'IHCITO HyKITOHOB B aCCOUI!aUHH), J'aM :lKe 

noxaaaHbi peaylibTaTbi pac'!eTa a4>¢eKTHBHhiX •mcen ua ocHoBe o6onoqequoli. 

Monenl! 12 •3/. 3xcnepi!MeH~alibHhie aHa'leHIIH · ce'!eHI!ii KBYP ·c: TO'IHOCThiO 

no MHOJKHTenR 1,5-2 MoryT 6biTb. Bbi'!ncneHhl, ecn11· npennonOJKIITh, 'ITO ceqe

HI!e pacceRHIIH Ha acCOUHaUHII paBHO C9'!9HHIO pacceRHHR Ha CB060ilHOM Rll

pe, a nonuoe aljlljleKTHBHoe '!ncno accounauuii paBHO oTHoweHHIO qucna uyxno

HOB Rllpa A Ha 'IHCITO HYKITOHOB B aCCOUHaUHH, B 3TOM OTHOWeHH~ pacceHHHe 

Ha TpeXHYKITOHHblX accounaUHRX, npHBOilRUtee K BbineTy 6biCTpblX RAep He 
3 

, 

BITOnHe ananorH'IHO pacceRHHIO Ha llBYX H '19TblpeXHYKITOHHbllt _aCCOUI!aUHRX, 

06pamaeT ua ce6R. BHRMaime TOT ljlaKT, ·'ITO nomibie aljlljleKTHBHbie qncna 2,• 
. L 

3;4-HyKITOHHblX aCCOUHaUHllj H3MepeHHbl9 Ha OllHOM II TOM JKe RApe, OKa3biBa-

IOTCR C yxaaaHHOii Bbl!ll9 TO'IHOCTbiO 6IT1!3KHMH K BeiTH'IHH9 A /m •, 'ITO HaXO- . 

llHT o6~HCH9HH9 B pacqe~aX / 2 ,3 /, IICXOilRWHX 113 o6ono'!e'!HOii CTpyKTypbl 

· nerx11x Mep. 

B U9ITOM Ha6n1011aeMaR COBOKynHOCTb ·llaHHblX MOlK9T 6b!Tb o6~RCHeHa, 

eCITH npelliTOITOlKHTb, 'ITO M9XaHH3M o6pa30Bal!HR '6biCTpblX. ljlpai'MSHTOB B H3Y

'!aeMOli. o6naCTH 3Heprllii COCTOHT B npRMOM B3ai!MOil9li.CTBilH HaneTaiOwero 

npOTOHa C HyKITOHHOll acCOUI!aUReii, npH'!eM aljlljleKTHBHbl9 'IHCna TaKI!X aCCO

UIISUHli., CITOC06HbiX BOCITpHHRTb 60libWYIO nepella'ly HMnynhCa_ C TOll. JKe BepORT

HOCTbiO, 'ITO II COOTB9TCTBYIOWH9 CB060AHble R!lpa, 6ITH3Kil K 3HS'I9HHRM, pac

C'IIlTSHHbiM ·B
1 

paMKSX 060IT0'19'1HOii MOAenn, 

·c TO'IKH apeHHR nucnepcuounoli. TeopRH npRMbiX MepHbiX peaxunii aTn 

ASHHblE'l ITOilTBeplKilSIOT npeACTSBIT9Hil9 0 TOMj 'ITO OCHOBIIOR ·BKnall B Bb!XOil 

6biCTpbiX ~parMeHTOB B o6nacTn nnxa KBaanynpyroro pacceRHRR naeT noniOc-

/9 11/ .. 
HaR nnarpaMMa • , a npnseneHHbie wupHHbi snpTyanbnoro ncnycxaHnR 

x)npn Bbl'IHCIJ9HilH n
11 

4 B pa6oTe / 6 / 6hinO llCITOlib30BSHO 3HS'I9HH9 Ce'!eHHR 

· cso6oimoro pHe 4 _ pac~eRHHR ua 5% BbiWe npnseneunoro B 111, B Ta6n,1 

yxaaaHbi ana'!eHIIR, nony'!eHHhie nocne yTO'!HeHHR nonpaBOK ua pacceRHI!e 

B C'19T'IIlKSX, 

15· 
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P11c,6, OrHoweHIISI c n,;, ce'IeHIIii KBaa11ynpyroro .paccesrHIISI A(p,pX) K ce'Ie- • 

HIIIO CB050l(HOI'O pacceSIHIISI . pXc> p X no SKCnepiiMeHTaJibHbiM .l(aH-. :. 

'nbrM, npiiBeaeHHbiM. Ha puc.- 5; 3.Ha'IeHusr····nc noAe'neHbi .. Ha Benii'III-
·. " - ' ' -. . - ·-. X> , ·-·. . -

Hy A/ m. 1 , I'l(e . A.- MaCCOBOe 'III~JIO SIIlpa-_MIImeHIIL a m- 'IIICJIO HyK-.,. 
JIOHOB . B aCCOUIIaltllll, · .. , 

· To~-KII + nony'IeHbl Ha OCHOBe s~cnepnMeHranbHbiX aaHHbiX pa5o-. 15!- '1' . . . . ' . . 
Tbl , , 

To'lKII 5ea omn5oK coorBeTCTBYJOT peaynhraraM pacqeros s<j>

cPeKTIIBHbiX 'li!Cen Ha OCHOBe o6ono'Ie'IHOH MOl(enn: e - (2/, ·a _/3/ ~· 
16 ., 

'. 

/ 

accou11aU11ii rana d 

TeJibHYIO senH'IIIl!Y, 

He 3 
, , H• 

Cn_eayeT aaMe.TIITh, 'ITO nony'I 

XaHH3Me peaK~IIII II CBOikTBaX I!YKil 

5biTb UOJiy'IeHO TOJibKO npll ycnOBIII! 

·Hasr KBYP _11 cBo5oaHoro npoTo,H-Sill 

.o5nacTII.II3MeHeHIISI SHepi'IIII II nepE 

COCTOSIHIISI OCT8TO'IHOI'O Sil(pa, llOCil 

'leHIIe l(JISI IICCJiel(OB8HHSI TaKHX Xap 

HOBOe COCTOSIHIIe, 1130TOUH'IeCKIIH C 

113BJie'leHbl 113 OllbiTOB OUIIC8HHOI'O 

Mbie UHKII cm3KTpOB He 3 
MOI'YT lll 

{p, pH~ 3) , HO II (p ,nHe 3 
) peaKilHI! 

pOB, H3MepeHHblX 5ea pei'IICTpallllll 

JIIITb BKJial( peaKiliiH ( p , n d) · II K 

aCCO!lllalliiSIX B CIIHI'JieTHOM COCTOSI 

B aaKnJO'leHHe noa'lepKHeM, • 

5biCTpbiX ljlparMeHTOB c sHepr11eii 

MaJIOH BeposrTHOCTbJO, LJ.el!CTBIITem . . 
MeHTa X c sHepr11ell B a11anaaoF 

'IIICnOM ·A B peaynhTaTe KBYP 

>1'(0 )) "'~ 
XO ffi 

a(T- >T 
max x 

0TC!Ol(8, HallpiiMep, l(JISI · Bbi511B8HII 

470 MsB t- 0,95 T max , nonaraSJ 

Mano ·Measrercsr·B o5nacTH yrnoB 

. . A . 
a ( 470 >T 4 >450)"' -'br. 4,6. 1D 

He 4 . . 

LJ.nsr srl!pa 
12 c sro ce'IeHIIe.pa 

Hlle Heynpyroro B3811MOl(efiCTBHSI 

pasao 0,227·10-24 cM2 112 1. Cn• 

ro cneu11anbHOI'O T11na coyl!apeH~ 

Sil(ep He 4 B yKa3aHHOM IIHTepBI 
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ce''Ie.rnn1 xsaanynpyroro. paccesrHusr A (p, pX) ·x ce'Ie- • 

Paccesmnsr pX,.. p X. no axcnepuM~RTanbHbrM·.JlaH-: :. 
Ha Pac. • 5. · 3,Ha'Iem1sr·· .. ii noneneHbr .. Ha aenu'lu-:-

A - Maccoe'oe 'IHcno 5l.llpa-M;IDeHn: a m .:..·>iucno Hyx-... n. . ~ . , . : - .. 

Ha · OCHose a~cnep;!MeHTanbHbiX JlaHHblX pa6~-
01Un6ox cooTae'rcr8yroT peayJibTaTaM pac'IeToa a.p-

3 
lla 0Cl!oae o5ono'Ie'IHOii: MOJlenu: • - l21, 'lJ _I /. • 

16 

. / 

., ,. 

·' ,· 
' ~-. 

l 

".· 

accouuauuii: Tuna d . He 3 
, , He 

4 
uMeroT · B · nerKux 5l.Qpax 3Ha'lu-

TenbHYIO' aenU'IUHy. 

C~eAyeT aaMe'TnTb, 'ITO nony'leHne. 6onee AeTanbHOii: uH!ftopl'dauuu o Me-_ 

·xaHU3Me peaK~HU U CBOHCTBaX HyKnOHHhlX aCCOUUaUUH B nerK~X 5l.Qpax MO*eT 

. 6biTb nony'leHO 'rOnbKO npil: yCUOBHU; 1 ) . U3MepeHUSI J:IHq,q,epeHUUaUbl!OI'O Ce'le

.HUH KBYP _u cso6oAHoro npoToH-SIJ:IepHoro pacceSIHUH B J:IOCTaTO'IHO wupoKoii: 

o6nacTu · uaMeHeHHH aHepruu u nepeAaBaeMoro uMnynbca,. 2) HJ:IeHTnlftuKauuu 

COCTOSIHHSI OCTaTO'IHOI'O SIJ:Ipa. nocneJ:IHee 06CTOHTeUbCTBO UMeeT OC06oe 3Ha-

.'leHue J:IUSI UCCJie):IOBSHUH TaKUX xapaKTepuCTUK.HYKUOHHhlX accouuauuii:.(cnu

HOBOe c_ocTOSIHUe, U30TOnU'IeCKUH CnUH .• U T.J:I.), KOTOpb!e He MOI'yT 6b!Tb 

U3BUe'leHhl U3 OnbiTOB OnHC8HHOI'O Bbime' ·Tuna. ·lleHCTBHTeUbHO, B Ha6nro):lae

Mbie nUKH cneKTpOB He 3 MOI'YT. ):laBaTb BKJISJ:I He TOnbKO peaKUUU ·Tuna 

(p, pH~ 3 ) ,·Ho U (p,nHe 3 ) peaKUUH, TaK *e KaK B nuKaX·J:Ieii:TpOHHbiX cneKT-, 
' . 

poB, U3MepeHHbiX 6e3 perHCTpaUHH npOTOHOB ·Ha COBna):leHHSIXi HeUb3Sl Bbl):le-

UHTb BKUa):l peaKUUU ( p 1 nd) · U KBaauynpyroro pacceSIHHSI Ha ·.J:IeHTpOHHbiX 

aCCOUUaUUSIX B CHHI'UeTHOM COCTOHHUH • 

. B 3aKUIO'IeHne nO):I'IepKHeM, 'ITO Ha6UIOJ:IaeMOe HaMH SIBUeHHe Bhl6UBaHUSI 

6hlCTpbiX lftparMeHTOB C 3Heprneii: B COTHU Mas npOUCXOJ:IUT C UCKU!O'IUTenbHO 

MSUOH Bep05ITHOCTb!Oo lleliCTBUTenbHO, Ce'leHHe' Bbi6HBaHHSI npOTOHaMU. lftpa~ 
' . ' . . 

MeHTa X c aneprueii: B J:IUanaaoHe ( T ( 6 x 
0 

· ) , Tmax) ua Slllpa p MaCCOBbiM 

'IHcnoM ·A B peaynbTaTe KBYP paaHo: 

217(JXO" dO 
>·T((J )) ,.. ~If ( -- ( Ox )) x sin 6 

xo m o o d {} P 
o(r >T 

max 
• dO;.; • dcpx 

0TCIO):Ia, HanpuMep, ):IUS! BbJ6usaHHSI He 
4

. c SHepriieii: B UHTepsane T max = 

470 Mas t- 0,95 T , nonaraH, 'ITO. ce'leHue ynpyroro pHe 4. pacce5IHUH 
· max . . . . 

• ' . . 4 0 . 
Mano MeH5leTCSI. B o6naCTU ~I'UOB Bbl6UBaHU5l He OT 0 AO 12,5°, n_ony'IUM 

. . . ·· · A -a) . o -a2 · 2 
o(470 >T 4 >450) .. -'hr· 4,6. lD \l-cos12,5 ) =A. 1,73 • 10 · CM. 

I He. 4 . ·. 
I . 

llnSI S!Apa 
12 

C aTO Ce'leH~e paBHO 2,1•10-31 .cM2 , B TO BpeMSI K8K .Ce'le-
12 

uue Heynpyroro saanMoneii:cTBUH npoTOHOB (' T P = 657 Mas) c SlliPOM C 

paBHO 0,227•10-24 cM2 112 1. CneJ:IOBaTenhHo,· sepoHTHOCTb paccMaTpusaeMo

. ro cneuuanbHoro Tuna coynapeHU5l, nprmoA51Wero K ~br6uaaHuro 6hiCTpbiX 

SIJ:Iep He 4 B. yKaaaHHOM UHTepaane aHepruu, pa~Ha 10-6 • 

17 



. • . . a 
1 ;. H3Mepim BLIXoa ObiCTpbiX naep He 6 9 i 

BLIOHBaeMLIX H3 Li , Be.; 12 

c c, 
16 

o · ~oa yrnoM 5A
0 

x .HanpaaneHuio npoToHHoro ny'!xa a oonacTu 
aHepruu He ·a • ox'ono 530 Maa, 

' ~ ' . Ob1Tb ~HTepnpeTupoaaii xax· pe3yni,T~T KBa3uynpyroro pac~eSIHHH npoTOHOB 
1 • MOlKeT 

Tpexiiyxno'Ha~~MH aCCOUHBitHHMH B HccneaoaaHHhll~ SIJ:Ipax, nony'leHo C9'19HHe 

Tax oro pa('Cenimn, aeaymero K. BbiOHBBHHIO •·He a H3 HJ:Iep 6 Li. Be , · H 

~epxHnn ·rpaiiiina imsi n c· · u • i_s·o. 

'3, H·3~epef!o J:IHcj>cj>epElHUH~nbHOe C9'19HH9 ynpyroro P8CC9SIHHH npOTOHOB 

CBOOOJ:!HbiM SIJ:IPOM He 
3 Ha yron ··. (} ;, 1B9° c·,u.u·, 

4." ConocTaaneuire .ce'leHull _KBB3Hynpyro~ci paccenHHH npoToHoa. BHyT-
'· PH~epHblMH HyKnOHHLIMH BCCOUHaUHHMH· H ynpyroro P§ICC9HIIHH COOTB9TCTByiO--

lllHMH CBOOOJ:!HblMH SIJ:IpaMH UOJ:ITBepiKaaeT npeacTaaireHHe o npHM~M B3.aHMO-

• ae'jfcTBHH HaneTaiOIItHX npoTOHOB_ C HY_Kn~!IIlhlMH BCCOUHBUHSIMH
1 

CfiOCOO!IbiMH 

aocnpuHHMaTb 6onblliYIO nepeaa'!y ·HMnynbca ( q ., 8-10 c!>M-1). 

J\.nropbi·, nonb3YIOtCH _cny'lae~. no6n~roaapurb B.B.: Eanallloaa .n a.r.Hey

J:IB'IH!Ia ~a ~IITepec_x pa6oTe,.u,E,C, Hera11oaa 3a coaelicTaue, oxa3aHHoe 
HaM npu pa6oTe C renueM-3, 
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