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B pa6oTax 6bmo noKa3aHo, 'ITO KacKaaao-HcnapHTenhHasr Moaenb 

aeynpyrHx B3aHMoJleil:cTBHil: qacTHU c srapaMH xoporno cornacyeTcsr c onbr.:.. 

TOM BO BCeil: o6naCTH 3Hepl'Hll OT ·aecKOnhKHX )leCSITKOB MaB AO HeCKOnh-. 

KHX faB; yqeT MHOI'O'l8CTH'IHbiX B3~lHMO)lellCTBHH II03BOnSieT npOJlBHHyTh 

aTy ·Moaerih n · B o6nacTh 6onhrnnx aaeprnii, BnnoTh ao T ':' . 10
3 

faB
13

•
41

. ·. 

OanaKo B npnMenennn K nerKnM ·srapaM KacKaJlHo-ucnapnTenhnasr Mo

;· aenh · Tp-e6yeT aanbaeiirnero ycoBeprneacTBoBaansr, Bo-nepBbiX, npn pacqeTe 
" . . . . . ,· . ' .. 

K8CK8JlHOH CT81:'llll B38liMOJleilCTBllsi B 3TOM cnyqae HeOOXOL.~IIMO Y'IliTbiBaTb 

BHyTpliSI)lepHbie KnacTepbi 1 KOTOpbie Jl810T BeCbMa 3·Ha'IIITenhHbiH BKnaJl, Bo-
~ " - • ' ; • • J • ~ 

BTOpbiX1 JlnSI paC'!eTa pacnaaa CIWhHO B03oy:Ji<JleHHbiX nerK~X SIJlep, ,,_6~TaJO

lliiiXCSI nocne KacKaanoil: t:;:Taann, coBeprnenno nenpriMen_~Mil o6bi'!Hasr :_eopirsr · 

ncnapennsr: KaK ~paBnno, aneprusr B030Y)KJleHnsr 3Jlecb aacTonbKo BennKa, 
--

'ITO ycnom~sr npHMeHliMOCTll ncnapnTenbHOH MOJlenii OK83b!B810TCSI IIOnHOCTh!O' 

Hap}'iue liHhiMII, 
:., 

. . . ~ .~ ... 
· B aacTosrmee BpeMsr H3BeCTHo aecKonhKO TeopeTn'!ecKnx rroaxoaoB, 

; II03BonsrJOmnx rrony'IIITh HeKoTopbie rrpei:tcTaBnemrsr o CBOHCTBa?' KnacTepoB 
. ( .· . /5-9/) 

II rrapaMeTpaX IIX JlBII)KeHHSI BHYTPH SIJlpa CM, 1 HanpiiMep, pa60Tbl . , 

Hapsray c- aTnM, rrocKonhKY aKcnepnMeHTa.nhnaS! ir TeopeTnqecKasr untjlopMa-·; 

,unsr o KnacTepax eme o'IeHh 6eana, npeacTaBnsreT IIHTepec n _rlJ)yroil rioaxoa, 
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Kor.na aemi'UIHhi, xapaKTepJmyroume .o6pasoaauue KnacTepoa.. B SI.npe, aaKna-
. . .. . . ~ . . : .. 

llbiBaiOTCSI B TeopHH cjleHOMeHonOI'H'!eCKH H · B IIuCne.nyiomeM onpe.nenSIIOTC.II 

. H3 cpaBHeHH.II pesynhT8ToB· pacqeTOB C OIIb!TOMo. 8ToMy IIO.tlXOllY Mbl H. 6y..:. . . . ' . ·~ . .~ .. 
.neM cne.noaaTb .nanee. 

OueHKH noKa3b!BaroT, 'ITO c uau6onhmeii aepoSITHOCThiO B ir.npe ocy-. 
/5-11/ 

mecTBnHroTCSI rpynnupoBKH HyKnOHOB B au.ne a -qacTHUhi , •. Hm<a- . 

KHX .npyrnx KnacTepoB ·Mbl Y'IRTbiBBTb He 6y.neM. 

nnSI paC'!eTa KacKa):lHOH CTa.nHu B38UMo.neiiCTBUSI Bocnonb3yeMCSI Me-
. 112,13/ . . 

TO.tlOM, pa3BHTb!M B pa60T8X . • 
1
8TO II03BOnHT HaM TO'IHO yqeCTb 38-

KOHbl coxpaHeHuH aHepruu u i!Mnynhca a i<.:am.noM ~KTe ynpyroro u Heyrrpy

roro B38UMO.tl9HCTBHSI BHyTpH. SI.npa, rrpHHHTb BO BHHMSHUe~ npou.eCCbl Me3o

H006pa30B8HU.II u KoppeKTHO pacc'!UTaTb.~nUHHU~ A~c!JcjlysH~ii·~.nepHoii' rpaHu-

Uhlo 

BepoSITHOCT~ yrrpyroro cTonKHOBeHUSI KacKa.nHoro HyKnoHa•c a -Kna

cTepoM nonomUM .paBHOH 

w ~ ( T)"' w aN oa ( T) / a Na ( T) ' 
... eL .. a · eL , .tot 

r.ne aenU'IHHy w 6y.neM paCCM8TpUB8Tb KBK napaMeTp, no.n6upaeMb!H a . . 
· · .· '·· . xl 'us . ycnoauH Haunyqmero cornacHSI pesynhTaToa pac'!eTa c ai<:·cnepuMeHToM .· 

ITocne cTon~HorieHUSI , c a -Knaciep,oM npocnemuaaeTcSI .nam>Heiimee 

. llBU)KeHUe 9TOI'O KnacTepa BHyTpU SI):lpa U pa3b!I'pb!B8IOTCSI ero ynpy-

rue U Heynpyrue CTOnKHOBeHHSI. C BHyTpUSI.tlepHb!MU HyKnOHBMU. 

x/ .. 
3.neCb H .nanee Bes.ne 'T- KUHeTU'!eCKBSI 9Hepi'HSI rrepBU'IHOft 'IBCTU-

Ubl B na6opaTopHOH CUCTeMe KOOpllUHaT; r - KHHeTU'IeCKaSI 9H~pi'H.II 
KBCKB.tlHOH 'IBCTUUblo 

~ ; . 
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<. 

· '-· XapaKTe.pHCTMKH ynpyr:ux :u neynpyr:ux B3Bf!Moneii:cTBHii: c a -KnacTe:.. • · 

. -paMH 'C'IHTamrc~ _TaKMMM · :lKe, K8K H llnSI B~aHMOAeii:CTB:Uii:. CBo6o~HbiX a • -qaq"':' 
/10·14 15/ .. . .· . 

THU - . ' .'· • ( Opn aToM anSI ynpyrHx -N ..;.a cTonKHOBeHnii: y.'ll!ThrBancSI, 
,. 

KOHeimo, rrpHHUHII Oaynn, KOTOpbiM 38IIpeman 3H8'1HTenhHYIO qaCTb TBKHX 

. CTOni{HOBeHHii:) • :K~acTep• C'IHTae~cSI . BbmeTeBlll:UM. I!3 SI.Jlpa, ecn:u.' OH OK.83biBa-. . . . . 
_eTCSI sne ccpephr ·c::paaHyc·oM S: = ~. -r a , rne R ~ 3Ha'len:ue paanyca Sill-

. .. 
pa, IIOCne KOTOpOI'O SIAepHaSI IlllOTHOCTb _C'IMT8118Ch paB~Oii: Hyn.IDI a pallHYC. ·. 

, . caMoii:_ a· -~aCTI!Uhi, ·H, KpoMe Toro, ecn:u BhiiiOnHeHo ycriosne. r~ ~vaa•_ 

I')le ' V oa · -: i3biCOT8 KynoHOBCKO;~ · 6apbepa ):ln.SI a -'18CTHUbl 0 . npyi'HMM • :·. 

Cl10B8MH 1 'Mbl', C'j:UT811H 1 'ITO ecn:u a .. :-'18CTHU8 Yll:9mieTCSI OT UeHTpa '5IIlp8 

Ha paccT05IHHe r > R ' . . a :TO BO BHellJHeii: o6nacju IIp8KTI!'IeCKM y:lKe 'He 

OCT8eTCSI HYK110HOBI C . KOTOpblMH OHa ·Morna· 6bi. B3anf.,ioaeii:CTBOB8Tl:;~ ? 

. nnSI Bbi'IHCneHHSI BepoSITHOCTeii: · p8311li'IHbiX Kana"~oB pacnaaa BOCl6y)_K-

aeHHhiX ocTE)TO'IHhiX SIAep w ( E ) E - nonnaSI a_HeprHSI pac'nanaiOmero- -
. n 

· cSI Siapa) ·: socrronh3yeMcSI cTaTncTH'IecKoii: · TeopHeii: cl>epMH ( noapo6nee eM, 
. . . i 11' 16/ . . . . . . . . 

06. ~TOM B pa6oTa~ . ) , 0pH 9TOM CJ!eayeT IIpHHSITb BO BHHM8Hlie BCe 

B03MO:lKHbie K8H8l1bl pacnana ABHHOI'O B036Y:lKA9HHOI'O SIApa, Kanan ·C'IHTan-· 

n 
cSI B03MO:lKHhiM1 - ecnH ero aneprHSI T = E- :£ M , rae M

1 
- Macca ocKon- · 

0 1=1. I 

Ka ( BTOpll'IHOii: '18CTMI.ihi) 1 IIpeBbllll89T KynoHOBCKYIO · 9Hepi'HIO OCT8TO'IHO-. · 

ro SIIlpa H senH'IHH~ MH_HHManhHoii: aneprHH E min , neo6xoi:mM:oii: anSI. oTpbi-. _ 
I , 

Ba OT paCII8)l8IOlllei'OCSI SIJlpa OAHOI'O IIpOTOHa lillli Heii:TpOHa, 

_ Pacnaahr c o6pa3oBaHHeM. B036y:lKnennoro SIApa cneayeT~paccMaTpH:- _ 

BaTh KaK Iie3aBHCHMhie Ka.ltanhr; 3Ha'leHnSI napaMeTpoB TaKMX SIIlep MO)I(Ho 

- .. /17/ -
· B3SITh n3 c6opHHKa . • . KaK noKa3anH pacqeThi, BKnaa BbiCoKoBo36y:lKJlea-

HhiX COCTOSIHHii: SIAep OK83biB8eTCSI B9CbM8 He6onhlliHM, 

Pe3ynhTBTbi pac•reTa·· xapaKiepHCTHK ~acKallHhiX <iacTHU coBMecTHo 

. . . . . 6. I 181 . I .1 3 
C 9KCII9pHM9HT811hHbiMH ABHHbiMH li3 pa OT · IIpHBe)l9Hbi Ha pHc; - , 

; ' " 
. nnSI cpaBHeHHSI TaM )1{9 IIOK838Hbl :aaHHbie, Bbl'IHCneHHhie ·6e3 y'leTa ripo-

. . . . . ' .. . - /10/ . 
•UeCCOB. M930H006pa30B8HHSI M illicpcpy3HOCTH 5Iil9pHOM I'f>BHHUbl •. , 06a B8-

pli8HT8 p'/'!c'leToB rrpH6nH3HTenhHO B pasnoii: cTerrenn cornacyiOTCSI c aaHHhiMn 

aKcrrepnMeHTa. 
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PHC. 1. 3HepreT~tteCKOe H, yrnoaoe pacnpene~eHHSI BTOpH·'iHbi.X IIpOTOHOB, o6paay:...UlHXCSI npH 838HMO.OeilCTBHH 660-;MaBHbiX IIpOTOHOB c, $1.0p8MH , 

yrnepona. Cnnowaast. rucTorpaMMa - peaynhTaT pac'ieTa: nyaKTHp_ - pac'l~T, aey'lHTbiBBJOIUHA: llH4$yaHOCTH rpaHHUbi srnpa H ~poueccoe Meaoaoo6-
paaoaaans:~/ 101. 3xcnepnMeHTBnbHbie TO'<IKH B3SITbt na pa6QThl/17 I. 
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a -'I8CTMU C SHeprMeti T > 32 ~SB COCTBBnSieT. He 

6onee 3-6%. 3To cornacyeTcn co sHatJeHMeM 
. /19/ 

3% M3 SKCIT9pMM9HTa. 
/20/ . 

(eM. TaKme MOHorpaqmro ) , onHaKo HaMHoro M9Hhiiie1 tJeM Ha6monanoch 
. . /18/ . . 

B pa60T8X 1 rne nonSI BbiCOKOSHepreTM'I9CKMX a -'I8CTMU COCTaBnSina 
I~· • · .". • ·• • -. •• •• x/ 

oKono 30% M npocnemMBanach annoTb no aHeprMti .. r "' 70 ~aB ,• 
, .1 • r ... · · -1 

C _'19M CBSI38HO T~K09 p_aCXO)I{!l9HMe, _OCTaeT<;:SI ITOKa He SIC:HbiM, Bos

MomHo, sTo o6ycnoaneHo npeMMymecTBeHHbiM p'acnpeneneHMeM a -KnacTe- · .· ·- .• . . . . . - . 
pOB. Ha nepM<jlepMM nnpa - o6CTOSITenhCTB0 0 KOTOp,Oe Mbi ITOKa H9 Y'IMTbiBa-

'· . ' . . - ' ' . '·• 

nM ( Mbl- npenrronaranM paBHOM9pH09 pacnpeneneHM9 KnacTepoB), npyraSI 

/18/ 
ITpM'IMHa, ITO-BI!~MMOMy, .3aKnJO'I89TCSI B TOM 1 . 'ITO B pa60T8X H9nh3SI 

6brno oTnM'IMTh a -tJaCTMUbi oT nnep 3 He , KOTOphr_e o6nanaroT 6onee Bbr- · 

COKOH SHeprM~H II Bbin9T8IOT ITp9MMyiU9CTB9HHO non ManbiMM yrnaMM, ( C~~T90-

p9TM'I9CKOH TO'IKM _spe~IISI TaKoe noBeneHM~ n.liep 
3 He MD mHo o6'bSICHMTh 

T9M 1 'ITO ~TM cpaBHIIT9nhHO penKII9 nnpa. o6pasyiOTCSI 1 B OCHOBHOM 1 B pe-
~ .-- ' . . .·· . 

synhT.aTe ne p11<jle pM'I9CKIIX B38MMonetiCTBMti ). 

3HepreTM'I9CKII9 .pacnpeneneHIIH npoTOHOB M a -'IaCTMU np~-. 

r< 32 ~aB xopoiiio cornacyroTCSI c onbrToM. Xopoiiiee cot'nacMe IIMeeT Me-. ,.. . ' - •, ., . 

CTO T8K)I{9 nnSI. yrnOBbiX pacnpeneneHMH npo~OHOB II nnn SHeprllti BOs6ym-. 

neHIISI oc:raTO'IHhiX nnep E * 
Xyme o6cTOMT neno. c yrnoBbiMII pacnpelleneHHSIMM a · -tJacTMU! Ha 

OITbiT9 Ha6nronaeTCSI 3H8'IMT9nhHO 60llh!II99 'IHCnO 'I8CTMU 1 Bbin9T8IOIUHX 

noll· Ma~biMM yrnaMII ·(xoTSI oiiiM6KH IISMepeHMti noaonhHo Benm{ll). BaphM-. - . '" . -' ' •. . 

pOB8HM9 89pOSITHOCTM Kll8CT9pM38UMII (LI . . a M npyrMx napaMeTpoa, xa-

x/ · .. 
Cp91lH99 paC'I~TH09 'IMCnO a -'I8CTHU ITpH STOM COCT8BllSI9T 

n a = 0,09, a COO'l'BElTCTByiOIU99 SKCIT9pHM9HT8nhH09 3H8'I9HH91 fJPMB9-

Il9HH09 B. pa6oT:e/18/, ~ ll = 0,15:!:.0102. 

. ~ : 
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<{. 

.paKTepnsyromnx . .xl K . a · -KnacTephi, ne ycTpaHSieT aTHX pacxomaeHHH --. aK 

yme oTMeqanoch Bhillle, pacxomaennSI, no-BHllHMoMy, o6yciwBneHhi BKnaaoM 
~ . - .. ' 

,, . 5-~ICTphij.:: S!aep 3 He 

'. I1o~H~e ceqenne Heynpyrnx B3aHMOlleHCTBHii: BbJCO~O~HepreTnqecKHX 
npoTC)HoB c S!apoM· yr:nepoaa n ceqenHSI Bhixoaa pasnnqHhiX nsoTorroB B pe-

; 12' .. ' 
·aKUHSIX p +. C 

16 . '-' . . 
P + · 0 rroKasanhi na pnc. 4-8. TeopeTnqecKne Kpn.;. · H 

' Bbie cornacyJOTCSI Me~~y .co6oii: H C H3BeCTHhl,Mll 9KCrrepHMeHTanhHh!Mll To·q

K~Mllo Y~qeT · Mesonoo5pa3oBaHHSI ~ .an¢¢ysn~cTn: · Siaepnon rpa~rnUhi sa~~T~~ ·, , 

;~~qll!ae:; cornacne C 9KCrrepn:MeHTOM, oco6eHHO B .o5na~Tll 6onb~·~X 9H~p-
rn: ir. 

05pamaeT na ce5SI BHMMann:e xopoll!ee cornacn:e c orrbiTOM Bhixoaa 

peaKun:ii: 12 C(p,p~) 11 C n: 16 0(p,pn) tti o' • B panee BbiiTO.nHeHHbJX 
- I 18/ · . · · . , 

pacqeTax TeopeTn:qecKn:e snaqean:SI B 4-5 pas MeHbll!e aKcnepnMeHTanh--

HhiX. 3To, no-BnanMoMy, 5hmo o5ycnoBneno, rnaBHhiM o5pasoM, TeM,· '1TO 
. . . /18/ ~ ' 

B pa6oTax ne yqnTbiBanach MIIHHManhHaSI aneprHSI oTpbiBa E 
· . . . . . . min .. 

ns-sa qero oKasancSI saBhillleHHhiM BhiXOll peaKun:ii c 6onee rny6o-

KIIM.pacmerineHHeM, B aeii:CTBIITenhHOCTH CHSITMe B035ymaennii: rrpOHCXOllHT 

'ne. nyTeM ncnycicannSI SillepHhiX qacTmt, a. 6naroaapSI aMnccnn ·y -KBaHTOB, 

npnBelleHHbJe Ha puc. 1-8 llaHHhJe ITOKa3b!BaJOT1 qTQ paCCMOTpeHHaSI 

KaCKaaaaSI Moaenh MomeT c ycnexoM npnMeHSIThCSI anSI pacqeTa pacui:enne-. 

HHH nei'KHX Slllep BbJCOK09HepreTHqecKHMII qaCTIIJlaMII. 

~/ HannyqlJiee cornacne c OITbiTOM nonyqae'rcSI, ecnri Bbi5paTb wd = 0,2, 
rny6nHy noTeHunanhHoii SIMhi anSI a -qacTMUhi ncinomHTh paBHoii v = 5 M aB; 
a·nMrrynhcHoe pacnpeaeneHne·xapaKTepnsoBaTh ¢YHKuneii 

· N(p)'7exp{-p 2/(260MaB/C 'f I. . ' '. ,• 

no cpaBHeHMIO ·c Teopneti, He yqHTbiBaJOmeii an¢¢y3HOCTh ·SiaepHOH ··rpann;;_ 
Ubi/ 10/,. snaqenne v oKa3hiBaeTcSr BllBoe ·MeHhll!HM. BennqnHhi, OTHOCSI
mnecSI. K KacKallHhiM npoToHaM, n pacnpeaenenne aaeprnn Bos6ymaenHSI W(E*) 
cna5o saBMCSIT OT rrapaMeTpOB w , v 

a .. 
,.'" 

10 

•. 



,'_,, 

Gi.n 

250 P+ c'2 
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,_, 

200 ' 
., ,_, -

$0L_ __ ~--~--~~~~~--~~~~ 
D 0.2 o.4 0.6 TGev· 

Puc~ 4. ITonaoe ceqenne neynpyrnx B3anMollelicTBBlt p + 12 C (a MBmm6apnax). Cnnow.Ha>l Kpnaag - pe3yn&TaT l(ac
Kann.oro pac'J~Ta;' nynKTBP ~ KaCKSllllbtil pacq~T, ne Y'IBThi'aaroumi!.nntjltjly3nocTb rpanBUbl >IAPa n npoueccoa· Me3o-

' · noo6pa3oaann"/ II I; wTpnx-nynKTBpna" Kpnaag - p<i3yn&TaT pacqeToB no onTB'JeCKolt Monenn 12l;.: 3KcnepnMenTam, _ 
Hbie ;t'O'iKit B3>1Tbl II3 pa6oT /31-36/, . 
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Pac. 5, 3aepreTH'!ecKasi 3aBIICHMOCTb · ce'!eHFJl! o5pa3osaHH!I pa3nll'IHbiX u3oTonos s peaK
unHx p + 12 c (s Mo). CnnOIIIH8!1. KpHB8!1 - pe3ynbT8T pac'J!!Ta, nyHKTHP - pac'J!!T, He . 
y'IHTbiBa!OIIIHi! auq,¢y3HOCTH Haepaoil rpaHHUbi H npoueccoB Me3oHoo5pa3oBaHHSI, 3Kcnep11-
MeHTa~bHbJe · TO'IKII Ba!!Tbl 113. paOOT/22-'25/, 
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