
• I 

-~ 

I I , 
·• s = :r . ;' ... .... 
A. •• ... .... 

··I 

. ~·· .;;;~rw~~t:i . 
"{O~·Vi· ~ ,' . ;...·,~<!· 

. ·.:_, .. 

P2 4661 

· .. 

K;K.I)AJtMa, . A.c:H.IIbHHos,· B.,lJ;.ToHees 
. . \ " ' 

, 1. 

"1969 
.. ' 
'' 

·,I 

.. I. I , 
• t < ·' 

' ' ' 

. \ 

. ·~-

'' 
~~ 

'· 



' . 

. ·. 
P2 · 4661 

\' 

/ K.K.ryro«Ma, ~.C.JiJib~HoB, B.~.ToHees 

. ' 

'· 



\ 

,. 

I . BBe'neaiie 
;,-, 

K :na'cTo~meMy apeMeHII HaKoniinoch nocTaTO'lHO 6onhmoe KOnii'leCTBO 

·sKCIT9piiM9HTanhHb!X naHHbiX ITO tPOTOHllepHbiM peaKUIIHM npii •Bb!COK'HX 9H~p

_riiHX ( Ty > 100 Maa), ao CIICTeMaTII'lecKoro TeopeTII'lecKoro IIccneJ~\~~aHIISI · 

aTIIX naHHhiX ae npoaoniinoch B oTniitiiie oT naHHbi~.rro stnepHbiM aaanMoneiicTan

SrM Bb!COKOSHepreTII'l9CKIIX TT -Me30HOB1 HyKnOHOB II.neil:TpOHOB1 rne. C ITOMOWh!O 

KacKanaoii Monenii ynanoch ycnemao o6~HCHIITb 6onh~oii Kpyr ~BneHIIii/1(. 
KaK II3BeCTHo, xapaKTep ljloToHnepaoro B38IIMoneiicTBIISI onpenensteTcSI 

lln:IUIOH BOnHhl y -KB8HT8, i't flpii. 9Hepriiii y -KB8HTOB . ' 

T y;;; ( 10 "* 40 ~ M aB 71:: cocTaBnHeT aenii'liiHY ( 20 •·"* 5) to-1.3 eM, 'ITO 

cpaBHIIMO C p83Mep8MII HllP~t II OCHOBHbiM llpOU9CCOM HBnHeTCH B38IIMOll9H

CTBll9 C lliiiTOnhHb!M MO.MeHTOM S1Ap8 1 K8K ueno.ro~ Bbtlue 9TOH o6naCTll ( o6~·· 

nacTII "riiraHTCKoro peaoaaH:ca") II annoTb no n'opora po)l{)leHn~ rr -~eaoaoa 

onpenenSIIOWIIM CT8HOBIITCSI M9X8HII3M nornomeHIISI Y -KB8HT8 H9HTpOH

npOTOHHOH napoli. B6nii3II nopora MeGonoo6pasoaaHIISI ( T Y"' 150 Maa) '-:t. 
Y*e cpaBHIIM8 c pa3Mep8MII HyKnoaa. noKanii38UllSI o6naCTII B38llMOneiiCTBll~ 

__ _:Bb!COK09HepreTU'l9CKOro · y .:.KB8HT8 IT03BOnHeT ·H8ll9SITbCSI 1 'ITO B 9TOM cny-

qae MOryT OK838ThCH none3Hb!MII Te *e C8Mb!9 npeACTaiineHHSI 0 MeX8Hll3Me 

Hnepaoii peaKunn, 'ITO II, aanp~Mep, npii aaannae cTonKHosemrii BbiCOKoaaepre- · 

TII'l9C~IIX HyKnOHOB C_ stnpaMII. 

B nanaoii • pa6oTe Monenh BHYTPIIHnepaoro· KacKana ~ B cotieTaHHII co 

cTaTIICT!ItiecKoii Teop!Ieii IIcnycKaHnSI qacTIIU aoa6y*neHHbiM stnpoM n-p~MeHSieTcil 
K IICCnenOB8HII!O HeynpyrilX B381IMOll9UCTBIIH C SIApli.MII Y -KB8HTOB Bb!COKOH 

aaepriiii. 
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Moaenb H MeToa pac"'eTa 
i.h 

PaccMaTpnBaH o6nacTb aHeprnii Bbiille rnraHTCKoro pesoHaHca, Mbi npn-. 

HHnH BO BHHMaHH9 ITpOU9CCbl cf>oTOpO>Kll9HHH· M930HOB H ITOI'nOIII9HHH Y -KBaH,.;. 

TOB· KBasimeiiTOHHOH napotl HyKnoHoBX/. 0THOCHT9nbHaH B~pOHTHOCTb STHX 

npoueccoB ~ "cBo6onHhlii" npo6er Y -KBaHTa B Hnpe onpenenHroT~H'cooTBeT

CTByromnMn C9'19HHHMH B3aHMOll9HCTBHHo 

nnH cny'laH nornomeHnH .Y -KBaHTa ncnonb3oBaHo oTHepeHHoe K oa-
Ho~y· HnepHOMY HyKnoHy ce'leHne cf>oToHnepHoii pea!CUHH a A , pacC'IHTaHHoe 

no KBa3H.Q9HTOHHOH MO.r:tenn/3/ 

aA = k 
Z(A- Z) 

A 

.. 
aD. 

3necb ari - ce'leHne ¢oTopacmenneHHH aeiiToHa, KOTopoe 6epeTCH .ns onhl

Ta/4/ j A H . Z - 'I~Cna HyKnOHOB H npOTOH~B B Srllpe. 3Ha'leHne KOHCTaHTbl k 

npnHHTo paBHbiM 10 B cooTBeTcTBHH c pesynbTaTaMn nocnenHnx sKcnepnMeH

TanbHhiX pa6oT/5/ • 

B Ka'lecTBe ce'leHnii BsanMoneiicTBHH. y -KBaHTa c BHyTpnHnepHbiM Hyino

HoM B3HTbi nsBecTHbie : ns ~nhiTa ce'leHnH aneMeHTapHbiX y~ N · cTonKHoBe -

Hnfi/ 6-10/. xx~. B · aTnx >Ke · pa6oTax yKasaHbi ce'leHHH napunanbHbiX KaHanoB 

~ 

Y+ p _, p +77o > ( 1) 

->II+ 77 + ( 2) 

Y+P->P+ 77 ++ 77 -· 

... p+770+770 

->II+ 77+ +77° 

'· (3)' 

(4) 

(5) 

xl KoM~ToH;_S<j>cpeKTOM Ha BHYTPIIHJlepHoM HyKrioHe Mhi npeHe6perann, no
cKonhKY ero ce"leHne Mano no oTHorneHnro K ce"!eHl!liM npyrnx rrpoueccoB/21. 

xx/ " . . ' 
YKa3aHbl nllllib OCHOBHbl9 pa60Tbii CM. T8KlK9 llliTllpyeMyiO TaM nl!Te-

paTypy." CnenaHHoe aaMe"laime oTHOCliTCH TaKJKe 11 K npyrnM cchmKaM, B Ko-. 
TOpb!X y~a3aHbl SKene rJliM9HTanbHbl9 XapaKT9pliCTliKll Jlnll aneMeHTapHblX 
CTOnKHOB9Hllll1 ncnonb3Y9Mbl9 B JlaHHOM paC"leTe. 

J 

) 

•\\' 

4 

Ce'leHHH .r:tnH Y- II BsanMo.r:teiicTBHH HaiineHbi ns coo6paJK 

KOH HHBa.pHaHTHOCTH, 'ITO He npOTHBOp9'1HT HM9IDIIIHMCH, ;npaB 

BO'IHhiM, aKcnepnMeHTanhHbiM · aaHHhiM/6-:-7 I • . 

ITpouecCbi c po>KneHneM Tpex n 6onb1IIero 'IRena : 11 

TbiBanncb. flpn sHa<ie~~HX 'I' Y Bbiiiie nopora po>K.QeHHH Tp 

ce'leHHHMH peaKUHH Tnna (3)-t(5) npHHHManacb pa3HOCTb no1 

.C9'19HHH . y - N li ce'leHHH .r:tBYX'IaCTH'IHoro KaHana.· Caen. 

>K9HH9 orpaHli'IHBaeT B03MO:>KHOCTb BbiiTOnH9HliSI pacqeT 

T~( 1 of 1,3) TaB •. 

KRHeMaTnKa .r:tBYX'IaCTH'IHbiX peaKunii:, K ·.KoTopbiM ·oT 

( 1) -( 2) n ri:ornomeHne y -KBaHTa napoli HyKnoHoB, nonHoc1 

· sanaHneM IianpaBneHnH BbmeTa .onHoii ns 'lacTnu.' Hcnonh3YH F 

pHM9HTanbHbl9 .r:taHHbie/9; 11/, 3H8'19HHH KOCHHyca nonSipH.OI'C 

: CT8BHnH . aHanHTH'I9CKOH li. HenpepbiBHOH no : y cf>~HKUMeii c; 

paBHOMepHo pacnpeneneHHoro B nH:epBane [0,1] • 3To cy 

lllaeT Bbi'IncneHnsr n. yMeHI:.IllaeT Heo6xonnMoe MalllHHHoe Bpe.!l 

'romasr npouenypa 6btna. y>Ke 0!1HC8H8 Ha~n. paHeef 12/ • nn.ll 

yrna npenrronaranacb nsoTponnsr B cncTeMe ueHTpa Mace. 

KaK noKasan aHanns aKcnepnMeHTanbHbiX naHH.biX, KaH, 

TH'IHhiX peaKUHH H.r:teT npeHMYIU9CTB9HHO ~epe3 pacrra.r:t 

Y+P->N*++ +77 

Lp+77+ 

Ce'!eHnsr o6pasoBaHnsr apyrnx nsoTonn'!ecKnx KoMnoHeHT n:: 

Manhi n nz..iif1~o>KHO npeHe6pe'lb/'7/. MonennpoBaHne npouE 

n.nnocb no nso6apHoii Monenn nnH.r:teH6ayMa-C'l'epHxaiiMep~; 

BTOH MO.r:tenn, •Macca li306aphl m*. aaxonnnacb ns pa 

dWN* 
'~ F(E,m~) a ,lm*), 

N . dm* 

rne E - nonHasr· aHeprnsr cncTeMbi, F( E ,m *) - . .r:tBYX'Iac· 

o6'beM nso6apbi n 11- -MesoHa , aN* (m *) - ce'!eane o6pasc 
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eTa 

:TCKOI'O pe30H8HCa 1 Mhl II pH-. 

roa. H nornomeanst Y -KBaa

Tencaast aepOS!THOCTh 3THX 

:npe onpenenstroTcst cooTBeT-

lb30B8HO OTf!eCeHHOe K on-

'lKUHH aA 

... 

, KOTopoe. 6epeTcst .ua orrbi

S!npe. 3Ha'<JeHHe KOHCTaHTbl k 

aMH nocnenHHX aKcnepnMeH-

IITa C BHyTpHstnepHbiM ayKno

:lHTapHhiX y-N· CTOnKHOBe

rteHHS! napuuanhHhiX KaHanoB 

1+11++77-
( 3) .. 

(4) 

( 5) 

. . ' 
yKnoae Mhi rrpeaeoperanl'l, rro
teHI'lHM npyrl'lx npoueccoa/2/, 

T8K,lK8 Ul'lTI'lpyeMyiO TaM ni'!Te
' 1'1 K npyrH~ CCbinK8M1 B KO
THKH anSI sneMeHTapHbiX 

'· 

·- ' 

, .... ~ 

CetteHHfl .llnst Y- n B3aHMo.n.elicTBHfi aaii.rteHbl H3 coo6pa,>KeHHil H3oTcinnqeci..: · 

KOil: HHBa.pHBHTHOCTH1 'ITO He rrpOTHBOpe'!UT HMeiOIIIHMCS!1 . rrpaBna B8ChMa OTpb!~ 
BO'IHhiM 1 aKcnepuMeHTanhHhiM naiiHhiM/8-7 I • . 

flpouecchi c po)KneHueM. Tpex u 6onhli!ero- '!Rena : " -MeaoHoB · He y'IIi

TbiBanuch. flpu aHa'!eHuSlx TY Bbiiiie · nopora po~emm Tpex MeaoHoB noA 

ce'!eHHHMH peaKuuii Tuna (3) .. (5) npuHn:Ivianacb paaHoCTb non!loro Heynpyroro 

·ce'!eHuSI, y .:... N u ce'!eHHSI .r:IBYX'laCTH'IHOro KaHana. C.r:~ena.H.H:o'r npennon9-

)KeHue orpaHH'IH-B89T B03MO)KHOCTh BbinonH9HHSI pacq~TOB o6nacTblO 

T~( 1 "* 1,3) TaB, . 

· KiiaeMaTuKa ,~:~ayxqacTH'IHbiX peaKuutl:, K · KOTOpbiM ·oTHOCHTCSI KaHanh] 

( 1) -( 2) n: riornomeHue . y -KBaHTB, napoli HyKnoHoB, nonHoCTbiO onpenenHeTcH 

. aanaHH9M HanpaBneHHS! BbiJISTa -onHoii H3 '!aCTHUo l1cnonb3YH H3BeCTHbie 9KCJJe

pUM8HTanbHhl9 ,l:laHHbie/9; 11/ 1 . 3Ha'l8HHSI KOCHHyca nonSlpHOI'O yrna Mhl npen-

. cTaBn:nu aHanuTn:'!ecKoii u. HenpepbiBHoii no T y · c!JY,HKiiueii cnyqaifHoro '!ncna, 

paBHOM8pHO pacnpe,~:~eneHHOI'O B HHT8pBane (0, 1) • 3TO cymeCTBeHHO ynpo..: 

maeT Bhl'IHCneHHS! H yMeHbWaeT Heo6XO,I:IHM09 M8IIIHHH08 Bp8MS!j COOTB8TCTBy

. IO!Il851 npouenypa 6bma y)Ke onucaHa Ha~u. paHeefi 2/, llnH. aauMyTanhHOI'O 

yrna npennonaranacb uaoTponn:Sl B cn:cTeMe ueHTpa ~ace, 

KaK noKaaan aHanua ~KcnepuMeHTanhHhiX naHHbiX, KaHan (3) Tpex'!ac

TH'IHhiX peaKunii rineT npenMymecTBeHHo qepea pacnan nao6apbi N* ;f-.. 

(6) 

CetieHHH o6r,~aoBaH~H npyrnx . naoTonuqecKnx KoMnoaeHT nao6apbi ( 3/2, 3;2) 
Manhi n uM~:{~O)KHO npeae6peqh17/. Monenn:poBaane npouecca ·( 6) npoBo

):limoci.· no nao6apaoii Mo.r:~enn nnanea6ayMa-C'I'epaxaiiMepa/ 13/. Cornacao 

m*. Haxonnnacb na pacnpenenean:g aToll Monenn, ·Macca nao6apbi 

dWN* 
----- F(E,m*) aim*), 

dm * . N 

rne E - nonHaH· saeprn:H cncTeMhi1 F( E, m *) - nByxqacTn'!Hhiii cpaaoBl>Iii 

o6'heM n:ao6apbi u rr- -Meaoaa , aN* (m *) - ceqenue o6paaoBaHHH uao6apbi, 
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KOTopoe nonaranOCb paBHbiM. Ce'leHIUO 1T:f' p - pacce.SIHH.Sle lln.SI onpeJleneHH.SI 
' ' 1. • 

yrna BbineTa H306apbl B .c.U.M, HCIIOnb30BanHCb COOTBeTCTByromHe :;)Kcnepn:MeH-

TanbHbl~ JlaHHbie/7,8,14/; npeJlnonaranacb H30TpoJ;IH.SI pacnalla Hao6apbi B ee 
/ 

C06CTBeHHOH CHCTeMe, 

. PaC'l~T KHHeMaTHKH OCT8BIJIHXC.SI TpeX'l8C'JH'lHbiX KaHanoB a::yiJieC~Bml:nC.SI 

no CT8THCTH'leCKOH MOJlenH. TionHbie aHepi"HH llBYX 'l8CTHU HaXOJlHnHCb H3 

pacnpeJleneHH.SI ( B c,u,M,) 

dW ~ (E-E 1 -1).:2 ), 
E . dE 1 dE 2 

a TpeTbeH - H3 38KOHa COXpaHeHH.SI SHep~'IIII, 3aKOH eoxpaHeHHSI HMnynbca• 

Y'lTeH. TO'lHO TO,H me MeTOilHKOH; 'ITO H'. npH MOJlenHpOBaHHH Heynpyi"HX CfJ>nK

HOBeHHH. B K8CK81lHbiX pae'l~Taxf 12/,. 

11TaK, B3aiiMOJleficTBHe y -KBaHTa c BHYTPHSJ:JlepHbiMH HyKnoHaMH npHBO

IlHT K o6paaoBaHH!O llBYX HnH Tpex 6btCTpbiX qaeTHU. B JlanbHefillleM aTH tmc

THllhi MOI"YT Hnli npoeTO BbtneTeTb II3, Slllpa, Hnii nornOTHTbCSI liM, HnH, ednH 

IIX SHepi"IISI llOCT8TO'lHa, IIHIIUIIHpOB8Tb CBOH BHyTpiiSIJlepHbiH K8CK8Jl, Bee 

9TH B03MOmHbie ~poUeCCbl npHHSITbi BO BHHMaHHe, ·TipocnemHB8HHe "HCTOpHII" 

nepBII'lHbiX Y -KB8HTOB II BCeX noeneJlyiOIJIHX 'l8CTHll ocymecTBnSinOCb C no

MOIJib!O MeTolla MonTe Kapno, B Bbi'lHeneHHSIX y'lTeHa llH¢tPyanoeTh nnoTHOCTH 

Slllpa II SJ:Jlepnoro noTeHunana •. OcTanbHbte JleTanH pac'l~T.;l II aHa'leHH.SI nc'-

nonhayeMbiX napaMeTpOB TO'lHO Te me, 'ITO II npn paC'leTe. KaeK81lOB, HHII

UIIHpyeMbiX .HyKnOH8MH .II ; -Me30H8MH/ 1, 12/, 

llng'KamJlOI"O B036ymJleHHOI"O Slllp8-0CT8TKa, .o6pa30B8HHOI"O B peaynh

TaTe K8CK8JlHOH CT81lHII B38HMOJleHCTBHSI y -KB8HT8 C S1ApOM1 B. paMK8X CTa

TIICTH'leeKOH MO)lenH paeC'lHTaH npouece CHSITIISI B036ymJleHHSI, Pae'l~T STOll 

·"Henap~TenhHoti" cTallHH. Bhmonnen TaKme MeTolloM MonTe Kapnol 15/. 

Cne)lyeT OTMeTHTb, 'ITO noeKonbKY B SKCnepHMeHTe o6bi'lHO. HMeiOT neno. 

He C MOHOXpOM8TH'leCKHM ~3ny'leHHeM, a CO cneKTpOM 

Jl8HHOH.pa6oTe aHepi"HSI nepBH'lHOI"O tPOTOHa Bhl6HpanaCb 

noro Hairy'leHHSI B o5n~eTJ 0,05 <. T Y. < 1,2 faB, 
./ - -

... 
" 6 

·Y -KB8HTOB, TO H B 

H3 cneKTpa TOpM03-

I 
' . 
I 

r 
L 

I 

I 

Cpaaaeane c sKcrrepnMeHTOM 

lln.SI Cp8BHeHH.SI peaynbT8TOB MOJlenH C onbiTOM BbJI 

CHOHHbie Jl8HHbi~1 nOCKOnbKY B HaCTO.SIIJiee . BjJeM.SI OHH .SIBn.SI~ 

TanbHhiMH H noaBon.SiroT npocnellHTb noBelleHHe xapaKTeJ 

HbiX· pacmenneHHH B rll.HpOKOM HHTepBai'Ie SHe_PI"Hlle KpOMI 

C .SIJlepHOH SMynhCHefi 06bi'lHO yJlaeTC.SI HCKnro'lHTb C06btT: 

·. T7 y H3 ·o6nacTn rHraHTcKoro. peaonanca; I"Jle. Hallla MOll 
100 

Pac'l~Tbi BhmonHeHhi lln.SI. cpeJlHe-T.Simenoro .SIJlpa Ru n 

cooTBeTCTByromero cpeJlHeMy .SIIlPY aMynhcnn ·II ford G-~ 

poJla, 

Ha pHc, 1 npellCTaBnena aaBHCHMOCTb .'lHcna Heynpyr 

B38HMO)leikTBHH Jlmii C06bJTHH C 'lHCnoM 38pSimeHHbiX 'l8CT: 

OT M8KCHManbHOH. SHepi"HH .B cneKTpe nepBH'lHbiX y -KBaH 

B Ka'leCTBe TaKOH XapaKTepHCTHKH 'npHBOilHTCSI Ce'leHHe He 

)leHCTBHSI Ha SKB~BaneHTHbiH y -KBaHT Ha HyKnOH .SIJlpa, 

Ha epe.ciHee M8CCOBOe 'lHCnO SIJlep'_tP~TOSMynbCHH 49,6, TipH 

BenH'lHHa a~ =49,6 a q JlaeT ce'leHHe neynpyroro B3aHMOJle: 

neHTHbJfi tPOTOH ·Ha cpe)lHe~ HllpO tPOTOSMynbeHri:/16/,. 113 e] 

' 100 50 0 

'leeKnx KpHBhiX, paCC'!IHTaHHhiX JlnSI SIJlep Ru n · T1, 

HOeTb '18CTO ncnonbayeMOI"O npe)lnonomeHHSI 0 nHHeHHOH 3 

HH.SI a 'Q oT MaccoBoro 'lncna A. 8To o6cTo.SITenbcTBo 

Heo6XOilHMO co6niOJl8Tb H3BeCTHYIO eTeneHb OCTOpomHOCTH 

aKcnepHMeHTanbHbiX Jl8HHbiX, · nony'leHHbiX JlnSI paanH'lHbiX S 

113 pHC, 1 BHilHO TaKme, 'ITO npH 6onhlliHX 3Ha'leHHSIX 

TanbHbte .TO'lKH ny'lllle cornacyroTCSI c peaynbTaTaMH Bhi'l 
100 ' ' 

Ru, rile BKnall OT MHorony'leBbiX aBe3Jl 6onbllle •. BoaMc 

aTo siBnSJ:eTcSI cnellCTBHe~ npene6pemenng' npoueccaMH ¢c 

H 6onee 1T - Me30HOB, PaexomJleHHe B o6naeTH ManbiX SHE 

BHilHMOMy, c TPYilHOCTSIMH aKcnepHMeHTanbHOH HlleHTHtPHKI 

3Be3Jl, 'ITO npHBOilHT K. noTepe HeKOTOpOH 'l8eTH T8KH~ CO 

Eenn liHTep.eeoBaTbeSI niiiilb OTHOCHTenbHblM. BbiXOJll 

B STOM ·eny'lae llOCTllTO'lHO xopomee cornacHe .na6nroJlaeT• 

npeJleneHHH no 'lHCny aapgmeHHbiX 'laeTHll (eM, pHC, ~), ~( 
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::eSIHMSI 0 llnSI onpe)lenemiSI 

'B9TCTBY!Oillll9 9KCnepl!MeH-
. / . 

llSI. pacnana nso6apbi B ee 
/~ 

,JX KaHanoB Ccy!lleCTBnsl:nCSI 

·x .~acTnu Haxonnnncb us 

oH coxpaHeHHSI nMnynbca: 

pOBBHHH HeynpyrHX CfOnK-

epHbiMH HyKnOHBMH npHBO

:, B nanbHefillleM aTH ttac

:>rnoTHTbCSI HM, nnn, ed:nn 

rpnSinepHhlfi RacRan. Bee 

Opocne~nBaHne "ncToprtn" 

nu ocymecTBnSinocb c no

Ha )lll~~Y3HOCTb nnOTHOCTM 

paC'leT~ M 3H8'l9HMSI Hc'

pac~eTe. K8CK8llOB1 MHM-

o6pa30B8HHOI'O B pesynb~ 

1 c 'SinpoM, B · paMKax cra

os6y~eHHSI, PactieT aTolf 

~ MoHTe Kapnol 15/. 

M9HTe o6bi'lHO. HM9!0T neno. 

pOM Y -KB8HTOB1 TO II B 

tnacb us cneRTpa TopMos-

B, 

·-·.; .. 

CpaBHeHHe c aKcnepHMeHTOM 

llnSI cpaBH9HHSI pesynhTBTOB MOJlenM C OITbiTOM Bbi6paHbi cPOTOaMynh':" 

CHOHHbie JlBHHbi~ 1 IIOCKOnbKY B HBCTOSI!llee Bp9MSI OHH SIBnSIIOTCSI Han6onee ne

TanbHhlMH ll IT03BOnSIIOT npocne)lllTb ITOBe)leHHe XapaKT9pllCTllK ~OTOSI)lep

HbiX· pacmenneHnfi: B mnpoRoM HHTepBane aHeprnfi, KpoMe Taro, B onbiTax 

C SI)lepHOii aMynbClleii 06bi'lHO ynaeTCSI HCKniO~HTb C06biTHSI CO 3Ha~eHHSIMH 

'_T1 y ns ·o6nacTH rHraHTcKoro. pesoHaHca; rne. Harua Monenb HenpnMeHIIMa, 
. 100 . 50 

Pac~eTbi BbiiiOnHeHbi nnR. cpenHe-TR~enoro Rnpa Ru H nnR ·gnpa Ti 

cooTBeTcTByromero cpenHeMy RDPY aMynhCHll II ford G-~ 6es y~eTa Bono+ 

pona.· :_ 

Ha pHc. 1 npencTaBneHa saBHCHMOCTb .qncna HeynpyrHx ~oToH-HnepJl:biX 

B38HMOJlellCTBHfi llnSI C06biTHii C 'liiCnOM 38pSI~9HHbiX ~aCTHU 0± ~2 ll n.:r:~3 

aT MaKcHManbHOfi:. aHeprnn .B cneKTpe nepBH~HbiX y -KBaHTOB T;. Ha onbiTe 

B Ka~eCTBe TBKOfi: xapilKT9pHCTHKH 'npHBO)lHTCSI. ce~eHHe Heynpyroro B38IIMO

Jl9llCTBllSI 118 ·9KBI~BaneHTHbiii y· -KBaHT Ha HyKnOH SIJlpa, U Q 1 yr-:mo:lKeHIIOe 

Ha cpe.ziHee MaccoBoe ~ncno SIJlep ¢oToaMynhCHH 49,6. ITpHHSITO cttnTaTb, '!To 

BenH~HHa a ~ =49,6 a Q naeT ce~eHne Heynpyroro BsanMoneficTBHH Hil 9KBMBa- · 

neHTHbift ~OTOH '11a C~enHee HllPO ~OT09MynhCIIIi:/ 16/ ;; 113 CpaBH~HIISI TeopeTH-
, IOOR 50 T' . . 

~eCKllX KpllBbiX1 paCC~IIITBHHbiX llnSI SIJlep U ll ' I, BIIllH8 npn6nH:lK9H-

HOCTb '!8CTO HCIT~nb~yeMOI'O npennono:lKeHHSI 0 nHHeiiHOii 38BHCHMOCTH ce;;_ 

HHSI a 'Q oT MaccoBoro ~ncna A. 8To o6cToRTenbCTBo yKaSbiBaeT, ~To 

Heo6xonHMO co6nronaTh HsBecTHyro cTenel!b ocTopo~HOCTM npH conocTaBneHHH 

9KCII9pHM9HT8nbHbiX )l8HHbiX1 • nony~eHHbiX llnSI pasnH~HbiX Rnep, 

113 pHc.· 1· BMllHO TaR~e, '!To npH 6onbll!IIX sHa'leHHHX T~- .aRciiepnMeH

TanbHbie TO~KH ny~rue cornacyroTCSI c pesynbTaTaMn Bbi~HcneHnfi nnR Rnpa 
100 

Ru, rne BKnan oi MHorony~eBbiX sBe3n 6onbrue., BosMo'xmo, '!To oT~acTH 
8TO SIBnSI9TCSI CneJlCTBlleM npeHe6pe:lK9HMSI' IrpOU9CCaMH <jlo;OpO:lKJl,9HllSI Tpex 

M 6onee TT - M930HOB, Pacxo~neHHe B o6naCTH ManbiX 9Heprnfi: CBSI38H0 1 no-
•· ' ~ 

BH)lllMOMY1 C TpyllHOCTSIMH 8KCIIepMM9HT8nbHOfi HJl9HTM~HK8UHll. Manony~e_!3biX 

3B93ll 1 ~TO IIpMBOJlllT K. IIOTepe H9KOTOpoii tlaC.TH T8KMX. C06biTMii, 

Ecnn nn-x;ep'ecoBa~li,cg nHwb. oTHocHTenhHbiM · BbiXOJlOM B sBesnax, To 

B 8TOM cny~ae JlOCT£iTO~HO Xopomee cornacHe .Ha5nronaeTCSI )la~e anSI pac-. 

npeneneHHfi: no ~Hcny sapSI~eHHbiX ~acTnu (eM, puc, ;2). .CnenyeT oTMeTMTb1 

7 



-\~.-

20 ;_ . v 

15 .. n:l: ~2· 

:10 

5 n±~3 

0.1· I 11•1 ~ I I I I I I ••I I 

0.05 0.1 0.2 

.. 

05 1.0 Tm 
I 

PHc. 1. 3tiBHCHMOCTb Ce'leHHR aQ JtnR C06b!THil: C n±::::_2 H. n;i:>-..3 OT 3H8'19HHSI 

MaKCHManbHOii 1 ~HeprHH T y B cneKTpe Y -KB8HTOB ( B M6 Ha SK-

BHBaneHTHbl~).' Y -KB8HT Ha cpenaee SillpO <jJOTOSMynbCHH;T; -BlaB), 

CnnowHbie H nyHKTHpHbie KpHBbie- pac'leT nn~ smep 100 Ru H 6~ Ti, · 

COOTBercTB9HHOo Kpy~aMH·H TpeyronbHHK8MH HaHeceHhl -SKCnepHMeH

TanbHbl9 naHHble H3 pafioT/16-18/,· 

8 

.. ,._ 

I 

·' 

:·--,_. 

'I 
;J) 
I 
(' 

·,, ,, 
II 
I! 

~ ii 
'I\ 

,/' 

-~ '( __ 
•;. 

' ; 

1 ,, 

£ • 
r-~~~~~~~~~~~---~~~~~----~ 

~\ i ~~~' '......___, __ · .---. ' 01 

~'*' 'S;... • . ~ ... J. ~ ,.__, . 1::: 

~\ ~ ~>~~ -
~~···. 
~:; 

,. 
r::! 

!., ;_~-~-... ,"\ ~' ·. 

•11 ~·· 
~,~ .. ~' 
~~- 'Z: I 

• 

t-
'A

ott 
~ 

. . . 1-.._! I 

~
-~~~ 

' ; c.o ' ,.. 
ott' 

.,.. ' c: 

~ 

c:: 

IS" 
c:: 

c-. 
c: 

c: 

c::: 

IJ" 
c::: 

C' 
c 

L---~~~~~--~--_. .. ~._~~~--~~~~~~_.--~·c: -a ' Sii2 ' ' - a 
,I 

9 

.t• 



co
 

-
~
 

--
l:
J<
D~
o=
 

II:
 

't:
l 
~
 

11
1'

 

~ 
~ 

::-
.t=

 
(I

) 
=

 111 
il
l 

; 
g_
::
2:
'~
 

':"
 

::.1
 
~
 0

\ 
(I

)C
'<

B
:I

: 
0 

~ 
"'

 
>i

 
::

l 
=

 
"' 

a>
 

I 
(I)

 
II

: 
-
g
.
g
l
l
1
~
.
~
 

:;:
: 
~-
;;
{ 

(I
) 

(
I)

;-
· 

111
 

gj 
i 

.:
-

:Q
 

10
0 to t 

-· b ~
 

0
<

3
 

.
_
,
.
~
 

-
-
-
~
 

. .,.
,...

 
' 

! 

-
l
 

•+
 '" 

'C
,O

 

ft 
. 

I 
_!J

 -
fi


/f

!'
 __

..
..

::
.r

--
~+ 

·1' 
:,
~~
·-

T
~
~
;
 

~)I
I 

I 
• 

,(
 

! 
I
.
 

·
~
~
 

' ,, 
i 

. 
~
.
 

pt
..

--
..

tt
--

-
,1"

.· 
v

t'
Jt

+
 

;{ff
, 

ft'
 

1f(;
 .. 

nt
:)S

 
"f.

I 
· · 

nt
:l7

 
In 

~g 
. 

±
 

. 

w
~
-
-
~
~
~
~
~
~
~
-
-
~
~
~
~
~
~
~
~
 

ru 
~
 

~
 

· 
w

 
ru 

~
 

~
-

w
 
~
 

. 
P

n
c
. 

2
."

3
a

a
n

c
n

'M
o

c
T

b
 

ab
iX

O
.Q

a 
sa

e
s.

Q
 

c 
'I

H
c
n

o
M

 
3

a
p

m
K

e
H

H
b

iX
 

q
a

c
T

H
il
 n

±
 

6
o

n
b

lli
H

M
 

3
8

J:
I8

H
H

o
ro

 
a 

¢
o

T
o

a
M

yn
b

C
H

H
0 

o
6

n
y
'le

H
H

O
li
 

T
O

p
M

0
3

H
b

lt
.m

 
Y

 
-K

a
a

H


T
a

M
H

 
C

 
M

S
K

C
H

M
f:t

nb
H

O
it 

a
a

e
p

rn
e

li
 
Ty

 
(a

 
O

T
H

O
C

H
T

en
bH

bl
X

 
el

lH
H

H
U

S
X

, 
. 

T
j,

· 
.:... 

a 
fa

a
).

 
K

p
n

a
b

ie
 

-
pe
sy
n&
Ta
Tb
ip
ac
q~
Ta
 J

:ln
H

 
~0

Ti
 

a
K

cr
re

p
n

M
e

H
T

a
n

&
H

b
le

 
T

O
'IK

H
 

B
3

H
T

b
l 

11
3 

p
a

6
o

T
/ 1

6
-1

8
1

. 
·~
 ~
 

,...,
 

' 

L
-

• 
M\·

.:. .
..

 



' 
'}l· ... 

'ITO IIOSIBli9HIIe 3B93Jl C Jl8HHbiM 'IIICliOM nyqefi CBSI~8IIO C Jl0CTIDK91III9M onpe-

neneHHC)fi 'noporosofi"' · aHeprim. \ .. 
3HepreTH'I9CKlle ll YI'liOBbie XapaKTepnCTllKll IlpOTPHOB ll3 <jloT03B93Jl 

H3Y'I9Hbi liHIIIb IIpH Tpex · 3H8'I9HH.Il:X MaKCHMBlibHO:l!: ~lHeprnn· Y -KBBHTOB 
T m • 

. y = · 150, 300 n 1150 Mas. OnHaKo Bht6op aTnx anaqennfi oKa3anc~ ynaq-

HhiM. Ll.eficTBHTenhHo, aHa'IeHne 1T~ = 150 Mas rroaBonseT rrpoBepnT!S Mexa

HH3M KB83ll)l9HTOHHOI'O IIOI'liOIIl9HHSij Ilpll r; = 1160 onpenenSIJOIIlHM y)Ke SIB

mieTCSI npouecc <jloTopo)KJleHHSI rr -MeaoHoB, a n·aMepeHne IIpii ~; =· 300 MaB 

naeT B03MO)KHOCTb CyJlHTb 0 KOHKypeHUHH aTHX Jl~YX M9X8Hll3MOB IIOI'liO

meHHSI:. y -:-KB8HTOBo 

Ha pnc. 3 n 4 npnaeneHhi yrnoBhie pacrrpeneneHHSI BTopn'IHhiX nporoHoB 

H3 3B93Jl C n± ;::_ 2 • B cormicnn c onhiTOM HaxonsTCSI yrnoBbie pacnpenene-

HHSI KBK ~aCTHU HH3KHX 9H9pi'HH1 TBK H BhlCOK09HepreTH'I9CKHX.'I8CTHU 1 npoHC

XO)KJl9HHe KOTOpbiX CBSI38HO TOlihKO C K8CK8JlHOH CT8JlH9H SIJl9pHOI'O B38HMO

Jl9HCTBllSio 

3HepreTH'I9CKHe CIIeKTpbi BTOpH'IHbiX IlpOTOHQB. T8K)K9 OK83biB810TC.Il 

oqeHh 6nnaKHMH K H3MepeHHhiM Ha oiihiTe (eM. p~c. 5), XOTSI - KaK Harrpn-
m . . . . . 

Mep, .rrpu T Y = 1150 MaB - BhiXOJl npoToHOB B cneKTpe II3MeHSieTCSI 6onee, 

qeM Ha. nBa nopRnKa. 

3 a K n ro q e H H e 

TaKl!M o6paaoM, peaynhTaThi pac'IeTOB rro KacKanHo:l!: Mt;~nenn cfloTosnep

HhiX peaKUllH. HaXOJlSITCSI B. XOporneM COI'li8Cllll CO BCeH COBOKYIIHOCTb!O liMe-. . . 

romnxcs aKcnepnMeHTanhHhiX naHHhiX B o6nacTH aHeprnfi T y = 50 + 1200MaB. 

8To orrpaBJlhiBaeT npenrrono~eHne o6 orrpenemirorne:l!: ponu B paccMaTpHBae

MOH a~epreTH'I9CKOfi o6naCTH KB83llJl9HTOHHOI'O H M930HHOI'O M9X8Hll3MOB 

rrornomeHHSI y -KBaHTOB. LlanbHe:l!:rnne aKcrrepnMeHTanbHbie nccnenoBaimR 

B aTOH o6naCTH BeCbMa •)K9li8T9libHbio .B 'I8CTHOCTH 1 MO)KHO. 0)KI!Jl8Th1 'ITO KaK 

H JlliSI cny'IaSI HyKnOH- H 1T ;_M930H- l'IJl9pHbiX CTOliKHOB9HHfi O'I9Hb 'IYBCTBHTenb-
. • I' .· . . . . 

HOH xapaKTepHCTliK~il OKameTCSI KOppenSIUHSI cpenHei'O 'IHCli8 M9Jlli9HHhiX 

38pSI)K9HHhiX 'IBCTll'U H penSITHBHCTCKHX 'I8CTHU B 3Beane/1/. 
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38HO C llOCTHll<eHH9M onpe-

I npOTpHOB H3 tPOT03B93ll 

Ofi 'SH9pl"'HH Jt~ -KB8HTOB 

aaa~eanfi oKaaancH yna~

)3BonHeT npoaepHTb Mexa-

50 onpenenHIOlllHM .YlKe HB

M~peane npH r; =· 300 Mas 

lBYX MeXaHH3MOB ITOI"'no- -...._ 

reHHH BTOpH~HbiX IIPOTOHOB 

ilTCH yrnoBbre pacnpel1ene

~eTn~ecKHx ~acTHU, nponc

Tannefi Hllepaoro aaanMo-

HOB. T8KlKe OK83b!B8IOTCSI 

~. 5), XOTH - KaK aanpn

rreKTpe H3M9HH9TCH 6onee 1 

9 

K8llHOfi .MOll9nH tPOTOHllep

cefi COBOKYITHOCTbiO HMe

rHfi T y = 50 -+ 1200Maa. 

·· · ponn a paccMaTpnaae..; 

M930HHOI"'O MeX8HH3MOB 

!HT8nbHbie HCCne.rtOB8HHSI 

MOlKHO, OlKHll8Tb 1 ~TO K8K 

B~HHfi 0~9Hh ~yBCTBHT~nb
lHero ~ncna Me.rtrieHHbiX 

aaea~e/11. 
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Puc. 4. YrnoBbie pacrrpeneneam1 rrpoToHoB ua aBean c n ± 'i-2, o6paaoBaHHhiX · 
. rrpu o6nyqeauu SMY!IbCl!H y -KBaHTaMu c saeprueli · Ty= 1150 MsB 

(B·'rrpol!aBO!IbHbiX enRHHUaX). fHCTOrpaMMa - pac'!I\T nml Hnpa 
10"Ru; 

KpylKKBMH HaHEf~eHbl peaynbT8Tbl 3KCIIepuMeHT8!IbHOli pa6oThl/ 16/ • 

12 

m . 

1-= 300M8B ¥ . 10-t 
Trm~jj 

to-1 

101 

1()3 

0.02 0.1 

. ;.3 • 
10 rr.:t50ms 

1li
5

1 1 II II ----:-:-.~1---l.l --1-.JI ~~~ I II 

0.01 ~ 

Puc.· 5. 3aepreTH'!eCKl!li crreKTp cpoTorrpoToHoB Ha ·aBean c n 
·aoBaHHbiX B nnepHOli 3MY!IbCHH (B rrpoHaBO!IbHbiX en: 
B fsB). fncTorpaMMbi - pac'!I\T nmi Rnpa 100 Ru', s 
H~Ie TO'IKH B3SITb; H3 pa6oT/ 16-17 I; 

'13 



n ± ;i.2, o6paaoaaHHhiX · 
r11ell ·· Ty= 1150 Mas 
~C'l!iT AnSI S!Jlp8 

10'1lu; 
flbHOil pa60Tbl/ 16/, . .- ' . 

'. 
' 
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I' 
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r 
·--'}. 
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! 
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I 
f 
I 
i 

..... ~ -

rn 

1:-= 300M9B ¥ .. 

0.02 "0.1 0.01 0.1 0.5 . Tp 

P11c. 5, 3aepreTII'leCKIIll cneKTp _ljloTonpoToaoa 113 aaean c n ±>-.2 1 o6pa- · 
. · ·aoaaHHbiX a Hnepaoil: aMynhCHII (a nponanonhHbiX eAIIHIIuax, Tp -

a· raa). rllcTorpaMMbl - paC'l!iT JlnSI S!Jlpa 100 Ru' I aKcnepuMeHTanb-· ' 
Hbie TO'IKII B3S!Tb; 113 pa6oT/16-17/." 
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HaTepecaaR aosMo~HOCTb conep~RTCR B corrpcTaaneann peaynhTaToB 

TeopRR R 9KCITepRMeHTa nnR o6naCTR TR~enbiX aTOMHbiX Hllep. C OllHOlf CTO-
, . • h, 

poHbi, aTo rroaaonnT eme pas. rrpoaepnTh .naHHYIO Monenb : n rrony'IRTb rrpen

cTaaneHHe o npouecce ¢oToneneHHR Rnep. C npyroii: cTopOHbi -· pesynhTBTbi 
. . 

K8CKanHofi' TeopRR R, B 'I8CTHOCTR, T8KRe BenR'IHHbl KaK MaCCOBbie R aapg- · . . 

noBbie 'IRena, aHeprRR B036y~eHRSI, CKOpOCTR nenstlllRXCSI stnep R T.rr.' OKa-

3biBaiOTCR He06XOaliMbiMH rrpR o6pa6oTKe pesynbT8TOB R3MepeHRSI HeKOTOpbiX 

xapaKTepncTnK. HccnenoaaHilR B aToM aarrpaaneHnn aeny:cR. 
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