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.A B H O T a I.l H SJ 

B oCi.nacT~ yr.n:oB OT rs0 
,Il;O r20° (,ra6opa:ropHast C~CT8?,ta) li3MepeH 

cyin.rapmi1ii Bb!XO,It 3apsr:xceHHHX TT -Me30H0B, o6pa3ytOntHXCSI B ( n -p) ... 
\ 

CTOHKHOBeHHSIX npH 3<pepeKTHBHOtl 3HeprHPI HettTp0H0B 586 M3Be Il0BH0e 
' + cetiemrn o6pasoBamrn n PI 

.naHH1tM B rrpe,nnOJIOjJteHJm sapH,Il;OBOM CHUMeTpmH 11,nepm.itx CHJI, COCTaBJUieT 

ITpouecc o6pa30BaH~R sapsr~eHHblX Il=M830HOB npH CTOnKHOB8HH~ 

Heftrpomrn c I1pOTOHa1.rn H3ytJeH cpaBHHT8JI:bIIO CJia6o 0 .nocraTOttHO no1I= 

Hoe rICCJI8,ItOBaHHe npoBe,neHO TOJ[bKO nplt 3H8 prIUf H8~TpOHOB 409 M3'.BI) 0 

ITpvi 3uepnr~, 6JIH3Kon K 600 M::rn, panee 6blJia BblllOJIHe na e.n1mctBeHnait 

pa60'ra2) 0 B 3TOll padoTe MeTO,ItOM sr.nepm,rx 3MYJU,CHH B OTHOC:0:TeJU,HbIX. 

+ 8.1\Himuax 611m1 u:nrepem1 cneKrpu 11 Bb!xo.nu n M n -Me3oHOB, BhlJie= 

:rarontHX ·no.n; yrJioM ¢ =90° x) (.nadopaTopnaa cHc'te:ua) R3 l.rn:me1n1 c 

jJ!'.Iil,lJ,KllIM BO.»;opo,noM npM 06.nyqemrn ee HeiiTpOHalm OT· tVnepe3apSI.I(KH 00 

npoTOHOB c 9Heprirni1 670 M3B e CpaBHMTSJII:,HO Ma.nae cetJeHHe pOI\,IteHl1H 

M830HOB~ Tpu tJaCTLI~b! B KOHetJHOM COCTOSIHMH H3ytteMLIX pea1tn11n, a 

TaKJKe HeMOH03HeprHllHOCTb HeMTpOHHOro nytt:rm, MCTIOJII>3ye:uoro B om,rraxil 

cos~a10r neua.1me TPY.rtHOCTM a- 1rnyt1emnt nponeccoB pox,nemrn n+ H n
=MS30HOB B ( n -p)-CTOJIKHOBeHHHXa HecMOTpH Ha 3TO AeTaJII>HOe 

H3y~eHHe xapaKTepa (ft=P) =CTOJIKHOBeHllll npM sneprHRX HYJ<:JIOHOBi Sa= 

Me THO npeBmua10mux nopor MesoHoo6pa30Bamur, :rpe 6yeT m:cc.ne,n0Ba1nrn 

x) Yron cp I!3MepeH OTHOC1':TeJII>HO nanpaBJI8H1tUI nytJita H8i1TpOHOBj, 
na.n;aromvrx Ha 1.rnme H 1,., 



c.:., 2 = 

3t•x nponecc0Bo HsyqeHHe nponeccoB M830Hoo6pasoBaHHH npH cronKHOBe= 

nmn H@llTpOHa C npoTOHOM B€CbMa HHTepecno TaExe C TOqKH SpeHHn Hccne= 

~0BaHHH B0npoca O xapaxrepe B3a~MO'AencTBH~ ~BYX HyKnOHOB B pa3JIHq= 

_HUX COCTO~HHHX no H30TOTIM~eCKOMY CTIHHY ( .T =-0 ~ T ~ I)o 
Hn:e onHcaHI:iI ormru no onpe.I(e Jiemno ce-qemrn o 6pasooo.H:t1JI n v1 n 

c::>M830HOB B ( n -p) -CT0JIKII0BeHmrx npH 3H~pr~n uetlTpOIIOB 586 M3Bo 

ITocraHOBKa om,1xa 
~ g· ~ p 

H3MepeHHH npOBO'AHJIHCh Ha CHHXP0UHKn0Tp0Ht O6~e.n;MHeHH0ro 

MHCTHTYTa a~epHMX HCCJI8.D;0BaHHno ITyqOK He~TpOHOBs HCTIOJI~3~BaHHb!M 

1 onutaxs, no,zyttaJ!csr odMeHHIDA pacccesrnneM ycxo~IHIRX .n:o :,1rnprm~ 680 

M3B npoTOHOB Ha dep1rmrn:eBoil MHIII6R~ o 3HeprerHq<ecitoe pacnpe,IteJie mm 

HettTp0H0B B nyq:ree ll!MeeT MaKCIUJYM Ha sHepr:vm 600 M3B M Il0JiymHp:vmy 

I30 Msn3)o 

.n.1u1 onpe,1tenenv.m ,1tP!rprpepeH~v.ca1IbHoro cettemuI o6pa30Ba1rnm 3apR= 

:ireHFU,JX Il=Me30HOB npn CTOJIKHOBEJHvrn neilTp0Ha C npoTOROM H3MepsrJioc'1> 

0TH0IIIe m1:e cym.rapHoro tIRCJla. n;- H n- =Y830H0B 1\fn K tIHCJIY np0T0= 

HOB OT,ItattH 1'/p ~ BBJieTaIDntvtX H3 pacce:vrnal'oJlJI ITO.It ,n;aHHID,f yrJIOM c:p 
~ aanpaBneHHIO Heii:rponHoro nyt.ma B :pesy.11:&Tal'~ ( n -p) =CT0JIKH0BeHHtto 

l'lr-r 
3aTeM no Hail,It8HH0MY 0TH0IJieH:mo J,/p- tr ,ItR<pq>epem~JiaJI:&H0MY cet.te= 

HHJD ynpyroro ( n -p) =pacce.s:HMSI~ H3Mepennouy aBTopaM11 panee4) ~ 
naxo.ttHnocb ,1t~rpcpepearn,1an1>noe ceqenne o6pasonaHll!H rr~ue3oH0Bo 

.n,ur H3Mepemur BbIXO,Ita Il=M830HOB B nytIOK HeviTpOHOB nootrepe.n;Ho 

nouentaJIHCb pacceHBaTem,: M'.3 II0JIM3l'MJieHa H rpacpll!Tao C TI0M0IItI>IO ,IteTeK

TOpa perHCTpMpOBaJIHCb 3ap.rnteHHbI8 qaCTHl{Hj BtirJieTaID11tHe M3 paccerIBa= 

_'f81lHo Ilpn 3TOM pa3HOCT!, irncJia qacTm~Sl saperucTpMpOBaHlUiX .n;eTeKT0= 

pou ·oT paccevrnarenen ns noJIII3THJieHa vr rpa_qmra~ ,naBaJia noJIHbIH noro1t 

sapms:eumi1x tiaCl'llt{s, Bb!1leTaIDIItHX H3 pacceHB~TeJISI B pesyJILTaTe CT0JIKJI0= 



BeHHtt HeffTpOHOB C npOTOHaUH$ OneHKH nomsaJIH, ttTO npH ,n;aHHOM 3Hep= 

rni1 HetlrpoHOl3 3TOT noTOlt onpe,1teJrst8TC1I, B OCIIOBHOM, tUICJIOM npOTOHOB 

0f.Itattit H II-uesonoB, norra,Jta!Dntttx ·B ,n;eTeKTOPo 01tasa,roc1,, qTo nprn.rnc:& 

,.! =U830HOB t1 p ._,qacrun, B03HP!Ka.lOiqMX B pesyJI:&TaTe pacna,n;a II-M~30= 

HOB II B YC110BJUIX onBTOB He npeBOCX0,1tHT I0=I5% OT 'lJHCJla IT-uesoHOB O 3TO 

. It03BOJIHJIO npene6pett:& npHM8CI,lO fJ. H f =llaCTHil H cqmTaTJ.> B nepBOU 

npWdJIHXelUUI nee OT JUitlHlile OT npoTOHOB OT,1ta qH ttaCTHillil II-M830Hru.rn:, 

BBe,Jtn BllOCJie,n;cTBHH COOTBeTCTBytOntHe nonpaBitH B pe3YJI»TaTU H3llepemtlL, 

Pa3,1t8118HM8 IT-Me30HOB H npOTOHOB OT,1tattH npoBO,ll;MJIOCb JIM60 no 

npoCSeraM, 1m60 TIO CKOpOCTJillo Pa3,n;eJtemte no. npo6eraM 6UJIO HCTIOJII,30-

BaH0 B o6JiaCTH yrJIOB Bt,JXO,n;a Il=Me30H0B ¢> ~ 60° 0 ITpH pa6oTe Ha 

yrnax 60° < q7 < I5° BY,tt8JieHHe IT=M830HOB npOH3BO,n;HJIOCD 0T6opoM 
. ' 

no CKOPOCt'fiM C IIOJ.IOIJU,10 tJepeHKOBCKOrO CtJ8TtlHICao 

B COOTB8TCTBHH C JJ:BY:MH yKa3aHHW,m cnoco6,ta:mt BH,n;eJieHHH Il=Me30= 

HOB B H3MepemUIX 61i11IH HCilOIIi30BaH_H .n;Ba THna ,n;eTeKTOPOB (Ta6Jio{~~ · 

Ha dOJIJJWHX yrJiax qJ >c 60° .11:eTeKtOpOM CJiy,IHJI OC>l>l'lJHlilfi TeJI~CKOil 

H3 Tpex cnHHTHJIJisrnHOHH:bIX ctteTttHKOB, BKJI!OtJ8HITh!X Ha COBna,n;eHHeo 

OneHKH9 npOH3Be,n;eHHbte Ha 0CH0Ba.Hlfff :n;amtli!X padotu2) Il0Ka.3a1m, qTo 

ecnH c nouomim ~MnDTpa no,n;HHTD nopor Ta:reoro reJiecKona ,n;o ypoBHR 

11a1tcmuan:&uon 3aepr1m: npotoH0B o,:,n;atm Ha .n;asHou yr,re ¢ , TO B 

o<S.nacTH yrJI0B c.p ~ 60° ,tteTeKTOp c TaKHM noporoM perHCTpwpyeT 

llO)taBnsEmee 60JILmHHCTBO W°~Ue30HOBo 

ITpH H3ll8peHnH BHXO,n;a 3apnxeHHLtX M830HOB Ha yrnax ¢_ < 60° 
)., 

BLt,n;e11e1me n, =M830HOI3 .npoH3B0,ll;HJI0C1, 0t6opoM no CKOpOCTmlo Jf.JitI 

3toro cpe,n;HHH c~eTtJHK ,n;eTeKT0pa saueHHJICn qepeHCKOBCKID! cqerqMROM 
( 

(p~c c-I) & OcTaJI.bHiiie ctte'l'tU!KM 0CTaBaJIHC!» CUHHTHJinminoHHliMHo Onpe,tte,Jie= 
, . 

Hlfe no1moro BLIX0,zta 3apazeHHLlX qacTHit npH 3TOU rpeCS~l38.JI0 o6paTHOit 

3aM8lllit tiepeHKOBCKOro Ct18TtJHKa ,n;eTeKTOpa Ha CUHHTHJIJIHitHOHHai'L, l{JIR 

T0!'0 ~ 'lJTO(h,I reoMeTpHR )teTeKTOpa npH 3ru.tene ctteTttHK0B ne- M8HS.rnac:& 
r 



.... 4 ... 
06\J'!O bE>I 

vI satteny uoimo np0H3B0,UMTb -C>HCTpo, o6a THila Ctl8Tt!vl100B paC>0TaJm 
-(Cf!. . . . 

Ha o.n:nou q>0T0YJ.mor.mTeJie q;3yCD19 M (l)occpop cu11HTHJIJIJint10HHoro ctieT-
. ' 

'tt11Ka ycTaHaBmrnaJicn nepe.n: cDoT01'8.1:0)'(0l4 Henocpe,n;cTBeHH0 3a ~3.nyqa .... 

reJieM tiepeH:r<:oncn:oro cttettJMKa., Ha yr1re !J) =I5° nporoHu ox,n;aqu 

1.taKCJ!t!aJI:&H0f1 3Heprirn }.tor JIH . pe ruc·rpHp0Ba T!,CSI tfepeUEOBCKlIM cqeTttH= . . 

ICOM •. • R 3TO?.! CJiyt.Iae B p~3yJI:&TaTbl JrnuepeHHH Bll0Ct1Jiac1, nonpaBKas ytrn:

TLIBaIOI::(aSI )J;OJIIO npoTOHOB, 3aperltcTPHPOBaHltblX ,n;eTeKT0p0Mo reo:uerpvm 

.n;eTeKT0pa 06ecnet1uBana yrJioBoe pa3pememrn 3° o 8nepr~'r:.rrnGr<:11t n:vporm 

.rceTeKTopa npH pa6oTe Ha 1)9.3IIUX yr .nax npi:rne.n;em,1 B :ra6Jnn:r~e I., 

. YroJI Bl>IXO,Ita 
TI-tie3oHa 
(JioCo) 

I5o 
30° 

450 

8HepreTHtJSCindt, 
nopor .n;eTeKTopa 
,n;Jisr n..:.ue 30H0B 

(MsB) 

78,0 
78,0 

78,5 

Ta 6 JI n U a Io 

TipmJe ,n;1,m~e 

. JieTeK.TOp,=:1repeHit0BCKV.ci1 Ctl8T'ttHK 
. (BO,Ita) VI .n;Ba CU!UITl1JIJI.HnHOHHblX, 

BI<:JIIO\tSIIHLtX Ha C0Bna.n;e1rn:e . 

~eTeK. TOp=qe~HKOBCRlil'.ll. ctteT'tlI•iK 
\ IIJieKCHr .nae) ~ .n;Ba C~U!r'L'IUIJI.fI= 

· nHOHHBX cqeTttHKa9 BKnroqeHHhtX 
Ha C0BIIa;:i;e1rn:e (J 

~-

60° 
90° 

120° 

65 
37 
37 

leTeKT0p-TpH CQHHTHnnanH0HHUX 
C\I8T'tlHKa, BKJIIO'C!eHm,tx Ha COBria,JteHHe 0 

Pacce:vrnaremn.m cJiyxmmt ,ItttCKH _H3 nomrnTHJieHa H rpaqm:Ta c :paB= 

uoti Top1103HOl1 cn6co6HocTbIO. ToJill(HHa paccevrse:remr M3 IlOJilff3THJWHa ·· 

Bht6v1paJiac1, µ3,BHOil o, 9 r /cu.2 Ha yrnax c}J· )'1 45° H 3~ 2 r /cu2 Ha 

. yr1rax cp < 450 • B Ka'tleCTBe' <pl1JU,TPOB HCTIOJ[b30BaJIUCI, ue.n;m,1e H BOJIJ,g 
? 

cppaMOBbie nJiaCTHithl. 



B COOTBeTCTBHU C paaee CKa3aHHLTM nponecc H3MepeHHn npOXO)tHJ 
' { 

c.ne.rcyrontHM oc5pa30Mo IIpe1t.rce Boero B YC1IO'.BHSIX OITEirTOB no H8Mepem1n 

;:utcpipepen1tHaJI1>HHX cettemrtt ynpyroro ( n c;.,P )pacce.smm.a4) npoBo.rc11Jioc1> 

onpe.rceJieHne nonnoro noToKa 3apnJICeHHHX qacTn~, nona.rcarontttx B .rcereKTop 

npH )t6.JiIIOti vtHTeIImrnHOCTH nytrn;a B pe3y1ILTaTe ( -rf -p)cCTOJIKHOB8HHfio 

]Jifl 3TOrO np0B0,ItHJICR o6uqnutt pa3H0CTHHff OilHT CH2°Ce ]aJiee ,1(8T8KT0p 

CTaBHJICs:J B pexm.r, llPH Jt0T0P0M npoT0HLl OT)taqH He perucTpnpoBamic1,, 

H M3M8pRJICSI TIOJIHbIM BLlX0)t Il=M830!I0Be HeodX0)(HMLli )tJUI 3T0r0 pe:l!CHl{ 

,1(8T8RT0pa ,It0CTHraJICSI, Kalt 3T0 y:rta3HBaJI0CT, Bbime, JIH60 Il0BHm8HH81.I no

para renecxona ,n;o MaKCHMaJILHon 3Hepr1ut nporonoB or.rcatm (nsuepemur 

Ha yrnax q:, ~! 60°), mtdo aauenon ~nep1)oro ctteTttHJta renecKona na 
i; 

qepitHKOBCKHli ctteTtIHKo 0codoe Bmn.re.HH8 B 0rILlTax 6HJIO Y.It8JI8HO H3Ue

pemuo cpoHa rrpvr onpe.rcenemui Buxo,n:a IT=ueaoHoB na yr.nax ¢ ia::I5°,, 30°, 

45° 0 IIpH ~TOM Kpoue o6UttHlilX M3Mepennn cpona UCTHIIJUiIX M CJiytraV.1rnx COB

na,n;emtti oKasanoc:& Heo6xo.n:HMhtM usuepemrn cpoHai Blil3Ba1rnoro TeM, ttTO 

.rceTeKTOP perHcTpnpoBaJI 38.lteruyro ,n;omo npoTOHOB oT,n;a'tln, nona,1ta10mttx 

np.R:M0 Ha <pOTOKaTo,n q>OTOYMHOXHT8JISI qepeHKOBCKoro ctteTq:0:Ka0 .Ha yrJie 
!If~ '-f?Je /6° 

60° 06IItHM (pOH C0CTaBJISIJI MeHee 5% H B03paCTaJI ,1(0 20%YoT tIHCJia M830H0B, 

nona.rcaromnx B ,n;ereKrop OT pacceHBaTeJin ns noJIH3THJieHao 

KoHTPOJil:, sa TI0CT0SIHCTB0M MHT8HCHBHOCTH uenrpomwro ny~Ka BO 

Bp8MJI H3Uepemdt rrpoB O.ItHJICSI C TIOMOIItI,10 ycTaHOBJieHH011 B nytJOK l!0BH3a= 

~HOHHott muepu, coe.itHHeHHOfi c nnrerpttpyromett cxeuott (pmcoI)e 
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PWCo Io 

_Pesy3¼:&,raTH H MX 06]!:~0TKq 

,9n,12~;:ce.nem~e noJmoro, ,ce!ieHMo ITpe?t.tte tteM pesyJI:&raTI>I t?:3uepe= 

Hun llormir 6:bIT:& 11cno.n:&30BaHH ,11.Jm onpe,11.e1rem1n no1moro ceqeHV1'1 polto 

,n;eHHSI R-1,teSOHOB~ B E~X He06XO)t~MO 61,rno BHeCTR CJie,11.yromHe nonpaB:rtH: 

IO ITonpaBtta Ha npmiec1. ~l <..>Ue30IIOB ~ 3JI8KTPOHOB O Ra.It 

yKa3NBa.nocb paHee 9 cpe,n;~ 3apa~eHHHX ~acrnn 9 rrorra,1taro~~x B .tteTeE~ 

Top)'" 9 KPOMe npOTOHOB H I1=M830HOB B ue60JibIJIOM KOJIMtJeCTBe npi:rnyTCTBO= 

BaJm p.- <-->ltt?30Hbl M 3J18KTpom,1,1 I{oJ1m'<IeCTBO 3J18KTpOHOB~ 3aperm1~TP~--

poBaHHLlX ,11.eTeKTOpOM HapSI,11.y C 'TI-Me30Ha:tm I) onpe.n;eJUIJIOCI, pactieTHblM 

nyre1.1 no .n;anm,ru pa60Tbl 
5) B .npe.n;noJioJi:emrn:s t:rTo yr.noBoe pacnpe.n;ene ... 

0 
mm Il=M030HOB B CHCTe1'.te neHTpa l-Ulepnunt CTaJimrnaIOIJtHXCJI HYKJIOHOB 

vmeeT BH)t o~ 2 ½- cos~,, 0 ITpu 3TOM yt~'IThtBaJIOC:b Tamiee $) '<ITO 

npliIMepno Ii5% IlOJIHOro q11cha rr0=M830HOB pacna,n:anTCH BO BTOpOMY 

Ttmy pacna.n;a o IlpliIMec:& f~t =Me30l:IOB Or(emrnaJiaCJ> no H3B8CTHOMY 

B:b!XO.n;y TI-Me30HOB 11 paCC'CJMTamIOMY yr JIOBOMY pacnpe,n:e Jiemuo p. -Me= 

30lt0Bo 



2 0 ITorrpaBKa a npmieCl& npOTOHOB O BBO,n:HJiaCii TOJil,KO Ha yrn, 

rs0 , r;te Hau60.1ee sH~prHttHbJe nporonu oT,n:aql! uor1m perncrpiipona±~=, · 

CH trepeHieOBCKMll C'l!GTltUXOMo ITonpaBKa onpe,n:e.1I1IJiac1, no H3B8CTHOMJ· ... 
• 3oi.,(.u-uoc.i''-'I , . .. , · 

CII8KTPY HefiTpOHOB H B8fi,n;&HHOtf 3rp<peKTHBHOCTH lfepeHKOBCKOrO Ctiettirtm 

01" CKOpOC'I'H tJaCTHil (JmCo2)o 
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3·0 JiortpaBie~ Ha npvICYTCTBire B cneICTpe Ir=M830HOB qacTHtt, 3H6P= 

· nni K0T0pbix m-r'4e rropora ,Itere:rcTopao 3TH norrpaBKM onpe;teJisrJIHCii 

no cnen:rpaM rr~~1.1es0Hon, paccquraHnm.1 no ,n:anaw pa601u2) · :e ~pejno= 

JIOICemuI 1 'lIT0 crreterp II=M830H0B B CHCTEi!.!e nearpa HHepn;MH CT8.JIKHBaD~ .·· 

IJtH:XCJI HYKJIOHOB He 3aBirCI!T OT yrna BUXO)'(a Me30Hao PacctmTaHHHe . 
' . ,, 

rrorrpaBotJmire Koaqxpm111eHra npirne,1.teH:& B rper:&ett crpoKe,,lfifl!2o 3TH 

ROB!pqlUt(HeIITLI 61IJIH nepectrI1:TaH11 TaRJee B npe,1.tnoJioxennM, llTO CIYeKTPH 
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rr..,ttt30HOB OT peait~r,in P+P - ·JT+ + h + p H l'1 -t· p -?>- JT +-t- 2 h > 

n + p ---i<=~ Jf-+ 2 p . o,n:aaKOB1Ix) 0 UpH 3T0M 6MJIH TI0JiytteHbl, B~Jllll!HHH, 

npe.KTHtleCKH COBna.rcaDrl1II C nprrne,1tenmiaur B Ta6J'L,2 0 

4 e f[onpaBKH na 3i_pcpe:&:TKBYOCT:b peructpaIU!H si' BU3BaHHiite pa3JW!llltb1MH 

Il01'Jl0nt8HH8},t fI=M830HOB H npO'l'OJ!OB B qmJI1>Tpe ,n:eTen:ropa M neacpqJeXTRB

U0CTE,I) tJepeHito~cKoro ctteTtJtrn:a o BeJmtt1;nm nonpaBOK onpe.rceJISIJI11c1> 3ttcne .... 

p,weHTaJibHO na nytJKax II-?ite30H0B vI npoTOHOI COOTBeTCTBytOntHX cpe,1J;Ji!I1X 

3nepr1dt. 

5 oITonpaBKH Ha. ( Ji - P. ) .... pacna.n:. ITonpano tJHhle K03tMiwn:vrnHTH 

pt\CClJHTaHliI no H3BeCTHOMY npeMeirn D3HI! rr,_,,.1te30lt0B C ylleT0M cneKT];>0Bj 

Hal1.n:emil>IX npn BUmey1m3amn,1x npe.rcnoJI02eemurx B 3 o 

CTporo rOBOP.fl, npM oCSpa6oTKe pe3yJI:&TaToB Hsuepemdr neo6xo»o10 

6HJIO 61>1 yqeCTI, Tam:te norpemHOCT:b, B03HHKaIO!!tyt0 CSJiaro.n;aptr T0Uy, 'ltTO 

BepoSITH0CTI, norJI_0IIt81IHSI JT + H JT- -Me30H0B B B91!t8CTBe pasmrttHa., 

O.n:IIaK0 o~eHKlt9 c,n;e.na.Irnble Ha 0CH0BaHHM pac5oTa7) j Il0ita3I,IBaIOT, tITO 

norpemHOCT:&9 Blit3Baunasr yita3aHHl>IM o6cT0HTSJI!,CTB0U, B YCJIOBMSIX 0TIHTa 

uaJia H :U0J!C8T He ytutl'bIBal'I>Cst 0 

I!cnpanJieHHHe pesyJIJ>TaTH TI0CJie HHTerpMp0BafUISI no yrJia?J npH 

YCJIOBHH 3apSI,D;O:S on CHMM0Tp1rn: SI.n;epHb!X CHJl .n;aroT .n;mr IlOJIHb!X ceqe1rnn 
+ ~ 

o6pa30BaHHI JT H IT Me30H0B B ( l'1 - P ) ... croJII~HOBeHMSIX BeJmtnmy: 

G"(np -- JT+)-=6(hp ~ JT-) •(2,0.:t,0,5).I0-27cu2 

x) :3To, tIO-BM,D;MltOMY, mteeT MeCTO npM onepr. HSIX, 3HatI)l1:T8JU,HO npeBHo 
maDntMX nopor 11e3onoo6pasoBaHm1, cu. ,HanpHMep, 6 o 

·, 

• ,:-:;:, 



T a 6 n w u a 2 

Yron 
c:po I5 JO 45 60 90 I20 

IIonpaBrta Ha 
npiu.1eci. 

P· .;..Me30HOB O;i9 0,9 Oi9 0 92 ·. 
1) . 0,90 ,- O;i88 

H 3JI6KTpOHOB 

IIonpaBKa 
OiI5 Ha npm.te c :& 

npOTOllOB 

IIorttBKa 
Ha =M830Hbt 
C 3Heprnei1 . I,25 I,95 . 
mute nopora 
,IteTeKTOpa 

ITonpatnm 
Ha 3cpcpeKT It2I I,2I ISl20 
penirn.Tpauur1 

IIonpaBI·:a Ha 
IT.= t'· pacna.11: I 9 03 Isi03 I$03 I!)04 I,06 . .. •·t1tI IO 

,;..~. ~;'' 

1'./n 
%% 8,6,t.3,5 I9.t,2jl3 I3~ 7t,.2jl 7 9~ 7t.,0 9 5 l+t4;t.I,3xr~,3.±;,0,9x) -~"'·-'· 

Np 

x) Baxo.n; TI-M8301IOB orrpe,neJieH rro OTHOmeHnIO K BhIXO.n;y npOTOHOB 
OT,n;atJH Ha· t:p :600 e. 

Kpoue roro,, nonH!ite cetJeHvrn 11cc11e.n;ye:uux peaR:I{Mi1 MoryT 61>1T:o 

onpe.n;e nemi Tamie no B1>1Xo.n;y II=ue30H0B, Hai1,n;eHnoMy ,n;Jm TaK nas1mae.;., 

Moro "H30TpomrqecKoro" yr:n.a 8) j Toel'l yrna, ,n;.nsr K0Toporo ue:.c,n;y 

,n;Hcpcpepenu11aJI:&H11M cetJemrnM <5 n ( l1). H noJIHWA cette1meM cynte= 

CTByeT C00TH0memrn * 

,'°li3oTpomittecKnil'& yro11 i:Ji · B aameM cnyttae JierKo HaliTH;i ecmi • 

yqecTI>9 tITO B COOTBeTCTBltH C rrony-qeHllhil,UI ,n;aHHbn.m yrJIOBOe pacnpe,zte-

11emrn II .. 30H0B (B CHCTeMe ueHTpa Mace) H8 co,n;epXHT ;i no~-,BH)J;I1'.MOMY, 

q;;;euo:a 6onee BucoKu~, qeM Cos" v H uozet 6:sT:& samrnaHo D 

'Rtlf 1TP. ~ 



~IO= 

. ·. . . . 2 
G n + ( 1J) + 6' rr C fl ) -== a -,. b eo s 11 

r,tte '\J - · yron B1iUWTa 1Je3oHa,; C1 H i '-' IlOCTOJiHIUire O IlpH 8T0Mv 
:i l 

RaK 1!3B€Cl'HO ~v ,; Q 'le Go 5 ---
1) : -ff )71 C<OO'l'Br-TCIBYeT B Ham€M cJiyqae 

yrny c!.1 = 30° (.na6opat(jpurur C~CTSMa)o ECJIM ~CUOJib30BaTi np~o 

Be,n;e1my10 B Ta6JIMD;6 2 Be.1114'.YLHY 
Jln 
N ·r, 

r· 
,n.11n 3roro yr na s TO 

noJnrne cettemte 0ItaauBaercJ1 paBHWg 

iJ ( h p ~- n + ) :: (5 c n ; -+- n-- ) ( ) -27 2 = 2,20.:,0,44 @IO CJ.I ,, 

IT0J1.yi.rnmn>re ne11:vrtr~Hbl cesqa:md1 Bec:&:ua 6JI~s1t:0: ,11;pyr ·K lJ.pyry o 3To y1tas1,r__, 

Baerr BepoaTHO~ Ha Tllp tll'O lf.Onymemtr!r c,n;e.naHHLie np:t11 o6pa6oTK~ ::rn:cne= 

pm.!6lll'8..JI:&H1>1X ,ItaHHbYXr He BHec.1m cepbe3HhtX 11CK8.'1t6H:v'Irt B ynroBoe pacrrpe= 

,n;eJieHkt6 Il=Me30li0Bo . 

QIT:RV{~Jlemrn. 3(p(peE!¥!,BHOil.,,. :31,repr.,~~o B IIJ'.Cil0)!!:30BaHHOJJ ueT0,11;8 

ms:uepeirnn ,n;eTertTop pertrnTpnpoBaJI IT'""'1Jesom,1;, 06pa:1ormnIImecn npn 

Ct'OJIKJl'.OBSmrn tfciCTli!lr :3Hepnrn: IWTOpbI:X MeH.HJIVlC~ B BSCI>Ua mnpOKOM 

rmTepBaF.:c or 300 ~o 670 M3Bo 0co6:@ii HHTepec no:?'!'OMY npe,n;ccra.BJIHJI 

Bonpoc 06 onpe.n;tJia1nrn cpe,ItHcll · 3cM>6KTHBHOit 3nepr1rn E P-t f o .UJin 

onpe,neJiemrn E ef/ 6:&YJia narmeaa saBMc.m.wcl'b ee or BPI.I(a cpynaq:irn 

Bos6yze.ztemu1 nsy,qaeuon peaKn:t•rn npn .n;aHHoii q>opw~ 31reprernqecn:oro 

. cnexrpa Hefil1poHOBo 'PyHEitHJI B036YIQJ;cHHJi 6panac:L B rrn:.rte9)g 

0 ,( n p --> n 1· ) c--.:;) 1 ~ a x 

(I) 

r,tte ~ mo ,=Ma1temJaJIHWe 3Ha-cre1rn:e m.myn:&ca II<-•M630Ha B ®nc·reMe 

t(8HTpa MaCCo ITpvt 3!'0M 6:b!JIO odaapyxeHO:i '<tTO B sa,ItaHHNX YCJIOBMHX 

cpe,ItHR:fI 3qJCp9K'l'IlfBH€'.J'I 8He prmI ,D;JI:R I10Ra3aTeJieM CTEH!SHM n )/ 3 



o II = 

B iupazeHH~ I nprueT~qecKH llOCTOSRR M H® 3aBnCH? OT rt (~nca~)Q 

YQ't'HB8.1' 3TOi) no KJBtiC?HOif 81.BWli (5' (hp -..,- n 7 
) np11 3l!®p~n 

l!efftpOHOB 409 M3B W uamnil 'Ito tpi;ttlU!lf 3~XTDW1.ll 3EPf1l~ I 

!am~u cayqae paBHa (586t,I5) MIB0 

Ee,t Md, 

2 s 6 7 

__ ocscmeHrt~ Q D~3:(.>!~~~pB:,r 

CpaBH8HHe noJcyqeHHOff Bemtq•HLI CT(np-r nT) m(202:,O044)X 

8 

Io=27 tJ.t2 t ce'leHH8U 9 Hatl;teHHW.{ npH 3H8prHPI 409 M3BI) g 6'fi:ii1p :...- ni-) ~. 

(O, I6:,0, 04 )eio=27 cu2 noxasLIBaet 9 tt'fo nonttoe eetzeune _o<Spa3oBaaus 

11"° H n- =U830HOB B ( h-- p ) =tfO.iXEHOB8HPIRX C YBtJmqEJHWil!M 3HeprH11 

OT 409 1(0 586 Pl3B B03paCTa.eT 60J1e® '18M BIO l)a3o 0Ra.3L!Baercni '?TO 



o I2 -

3amrnmJOCTL cetreHHS OT }.m.KCHlllUliHOro ,n.myn:&ca IIC>ue30Ha ~ MQA 

iilner _ <SH?i npu 3:rou aamtcaaa B 1,at 

5 tO,b 
6( np -- n+) c-v t"]_ mo.x 

3ta 3aJ3HCHJ.tOCTJ. Y.ttOB111?10pitTe.tt.HO cor.mcyeircs C ua~eHIOff B 

paCSoTeIO) 3a2ncnuocr1,m 6 < p~ -+- n+) ~ 1 ~~-.t , no.1tyt1eHHOft 

na ocaonaamH ienutmu cettenn, l)l\cctn1rauaHX :e npoxou l!HTepM.te 
aneprnn no JI3Becia1i11r c1tten11au <S"(pp -=--- n+) , 6(Pp --~- nc~ 
Jt G ( pn ----.. - n°) n npe,ttnoJioxeHl!ft 3apJ1,?(0Boff He3a•wcwuocr,z 

8,tt!pHHX CHJle C.ne,Jtye:r 38.M6TJIT!t, 0,!;H!.!t0, 'af T0 )I.JI!{ 6 ( p n ·· ;,.,., n +) 

IIpH 3HeprHH 580 M3B RBTOPN padOTH IO)_ianT HecxoniRO 3aHll'leHH08 

3Ha.tten0:e (0,8.!,I ,I).ro ... 27 cM2, xoropoe, · reu ue lleHee, B npe.iteJiax 

yxasaHHHX omHdox He npoTHBopettmr semttmae, no.nyqenaoH B mcton~eff 

pa6oTeo 

Onpe,tteJieHHaH se,mquua uaxo~•,c• raue B y~oBneT!OpHreni.aou 
COOTB8TCTBHR C npe~cxa3aHHR1.m rwnOT83H H30TOnnqecKOff HHBapHaHTHOC?R. 

· JleiiCTBHT0Jil,HO, corJiaCHO 3TOff rmnote3e 

G { n p ->- n +) :: (5 ( r, p ->- n °) + 6 (pp -► n°) - I I 2 6 (pp -.- n +) 

(2) 

Ecmt npnHRT!t 6(np ->- nl)) • (5,7:t,I,5)Qio-27cu2 5) 

G (PP·~ n°) u(I,6,t.0,2).I0-27 c1.12 ,r0\t 6 (pp_;_ n+) • 
(8, 5i,0, 7 .ro-27 c112 II), TO OK8.3liIBa8TCSI, qro 6 ( n p -- n +) • 

(3t,I,6).I0°27cu2, qfO B npe~eJiaX ymsaHHOff TOqHOCTK COBII8.)t8et C 23~ 

uepeHHott se,mt:muon. 

Rax H3Becrao9), B pa.MKaX rznoTe3H 3apR~OBOtt R83aBHCHUOCTH 

cettemuJ Bcex npoueccOB o6pa30BaRHR II-Me30H0B B HYKJI0H=HYKJI0HBHX 
~ . . 

CT01IKHoBemunc BNpame'Tca ttepe3 TPPI mpr.tH&JiltRHe cettetms 610 . , . 011 , 



'-". I3 c:, 

601 ·, x) 6 u • cr 10 B npottou 11a'1'ep:eaJ1e aaeprntt uay,ieus B }8<SoieI2) 

Haibtenaa11 BeJm'IHHa cetieurur Ci < n p _..:.___. n ·1·) nos10.uer onpe,teDTJ. 

6'01 npH aueprnn 586 UaB& 

6
0

i ::. ,~ cr ( np ~- n 1)-o;i. .(2,B:,0,9).ro-27 cu2• 

M3B8CTR0 .-a,.xee10)' Q'f0 npn aaeprHH 4_09 M31 cro, ·(0,23!,0,09) X 

I0°27 cv.2 
o Taau Od!ll,30U, ·Go, ttpa :y1e.oqeoH 3HeprRJI pi3lt0 

B03p8.CTae'? t t •BHCM!OCTJ. (5 o 1 0'? IBJCCIDZ.IJ,BOrO mny.liCA Ut30Ha 

Dtei •u~ 

II0JIH0G ceqem-te 0dpa30JU'iHHR IIoM830H0B D ( h - p )=CTOJIJCH018HHIIX 
. . t- 0 

npM ~H(!priw 586°590 lia1 cocTaBJUiet (5 < n p -~ n -, ) ~ 
,._._< n-a ,.. ,r.:_·- c - rTt, (I·o·· I 1· 7) 10~27 ·2 · · ·· 

-"' t) n p --- ; ) + if' J . n p ~--- -' ; • , ,t , o cu • · 

ITpH 3T0M no.naoe c~qeHwe ( n ·-- p )c»BZIJ.(O,leffcTBH.1! ~BH0(36.;t,2)~Io-27 cJJ.
2 • 

. ' ... , 

C•xoaien~Ho, npuuepuo B 30~ c.nyqae» cton&uo1euue uetttpoua e nporog 
HOU npWBOlHT K 06pe.30BaHHD II~ue30Hao 

B 38.KnDqenwe, non~3ynci no~yqeHHon Benuqnnott H R',HHmm 
pa<Sot5)t>IO),II), cpaBHHM Bep0SITH0CTJ! O6IE,3018HH31 II0 uesom; npH . 

B3anuoie~CtBHH ~BYX HyK~OHOB B pa.3,mqnsx COl?OSHHRX no H30TOnnqecxo

uy cm>my o ·Mo:no noR£i:mT:r.I2, 11To nonoe ce11eHne_ 06pa30:aaHHa -II-ue3o-
- - + 0 

IOI I ( n -- p ) CTOJtKHOB811i'lSIX G ( n p -.. ~= n- 1 ) 

Mozer dur~ 38.IIHCaHO B BH'Aeg 

(3) 
I .,-, 

r,te (5 n JI 6 ~ = C&'leHHJr odpa30!aHHa npm CT0BH0BeHIDf ,tByx BYltJIC)• 

HOB a COCTOIHHaX C H30Tonnqecuu cnnnou T = I KT• o, COOTBeTCTBeBHO, 

x) HuieKClit · IO,II, OI yKa3YBaDT nollHHI H30T0nn:qecun 'cnHH CHCT8llt-l 
)tlyX Hj'ICJIOHOB n Ba'ta.JIJ.HOM H ltOHequou C"OC?ORHHJIX (;JtO H nocJle 
OdJ830B_amu1 1.1e3ona) o · 



= I4..., 

Ilp~HHM8.SI Ha OCHOBB.HHH npHBe~eHHUX pa.Hee BenHtm:H 

6~ =6(pp-i,-..n°)+G(pp ·---n+) ~ (I0,I~0,73).I0-27cu2 

G'(np - n1'.i0 )~ 2G(np-- r/ 1)1·C5(t~p---n°) = (I0,I!,I,82).I0-27 cu2 

Jt3 (.'.3) nonytmu, 'ITO 

q · -27 2 
6n = (I0,I.t,3, 7).I0 CM • 

H?aK,' ripn- B3tUtUO~eficTBHI1 HYitJIOHOB B COC:!:OSIHl"UlX T~o M T~I o6pa30iH:tHHe 

Ilc=Me30HOB npHM8pHO paBHOBepoaTHO H, TaKHM o6pasou, HY:S:J10!U,! B 3TYIX 

COCTOHHHSX B3aHMO~elicTBYR)TS B 3TOM CM~cne O'ARHaKOBO HHTeHCHBHOo 
0 I 

IIpuuepuoe paBeHcTBo · (5 n H G' n ymaiitnae,: raitxe Ha ro, ttTO 

B HCCne~yeMYX npo~eccax npH 3HeprHH, 6RH3KOff K 600 M3B9 nepexo~H,. 

B pe3yJn,m.Te KOTOplilX CHCT8J.Ia II-11e30B=HYKJI0H 0Ka.3HBaercn B COCTOSIHH= 

ax c no'imm.t H~oronHqecttitM cnHBOll T = 3/2 H T s: I/2 npmtepHo pa.Buo .... 

sepOSITHY. Ilocne'AHee o6CTOST8RiCTBO RBJIR8TCSI TaK~e, no-BH'AIWOMY,· 
: : . . . ·••. CJ(pp ~na-> 

OCHOBHOll npHtm:HOti Toro, 'ITO OTHOmeH~e -·-.--•·~~·~·- -t-- ,. 
. , cr Cnp --- n > 

paBHOe B Hameu CJiyttae 3,9 .t I, 3aM8THO MeH1,me ~eCSl?H. BeJIH1nma 

OTHOmemur; pa.BHast )lecsn~i, npe,n;CKB.3HBaeTCSI Ha O{HIOBalUU'I rm:mte3H 

H30TOnHqecttott HHBapHaHTHOCTH B npe~nO~O~!H~~, tffO CHCTetr.a Il=Ue30H= 

HyitJtOH Bcer,n;a HaXO)tliTCSI.TOJl!.RO B COCTOS!HW'.I Ts.3/2, aisTopou paCSOTLt
12)e 

CJleJJ;yeT 3aUeTHTL, ··o,1t;Ha1to, 'CITO BeJmtmHa 3TOro OTHOWeHHJI B pa0oTe12) 

nonyqeaa npH HeROTopsx ynpo~aD~HX npe~nOJIOX8HHHX H B ~encTBHTeJI»HOCTH 

uoxer dHTD HeCROJl~RO nHOlle 

ABTops nec»ua 6naro~pRLt HoRoJianli)tycy 3a odcyx~eHHe pesyn~ra= 

TO! x H.R • .Aua.rno6e,m 3a nouo~D B npone~eHHH Il3,60THo 



.. JI.1 t ® p ~ t y p a . 2 

Io GoBo Yodh~ PhysoRevo~ 98~ lJJO~ 19550 

2o ~oMoCK)(OpOB 9 ·r3T~9 ~ 9 7279 !955 ro 

3o BoCoKHCeJteBg BoEo i~arHHg i3T~g ~9 9629 !957 ro 

4o DoMoI{a3apnHOB 9 DoHo CHMOBOBg !3~9 2I,9 I69 9 !9560 

So. Bo1Io.llX!.»ienoB 9 KoOoOraaec1m0 BoEofJt!rl!Hi. 13Tf,,_ 291 886119550 Luke CoLo Yoan~ SoJo Lindenbaum, Physortevo luJ, 404, i956 
60 . . . . . . ' 

70 RoMo Sternheimer~ PhysoRevo 101 9 J84 9 19560 

Bo AoAoTan.KHB 9 X3T~ 9 ~ 9 II509 I956o 
DoloilPOKODUmHs, I3T~, 2!,0 7329 I956o 

9 0 Ao Rosenfeldp Physo Rewo 96 9 146, .19540 
-· ' .,. 

IOo DoloITpOKOMKifH 9 AoAoTtnDH 9 !3T~9 ~ 9 7509 I957ro 

II o ?Jar eMe11t~:PR1tOB 9 EoC oHeraH0B 9 JtAH CCCP 9 l.2Q9 6~7~!955, 
EoCoH®raHOB 9 OoBoCanqe~K0 9 329 !2659 I957o 

' - . 

I2o HQHo1IanM~YC 9 13T~9 3I 9 8659 I956o 
DoCo Peaslee~ PhysoRevo 2,g_~ 1085~ 19540 
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C1 !6 = 

HAJfil!fCH .. K PHCYHKAM 

K ~dote Do1l'i,Ka3apitHOBa H DoHoCWUOHOBa _· 

•H3uepeuae nonHoro ceqeH2s~o6pa30Baaun sapnxeuuwc uesouoB 
I {n -p)-~TOJIKHOBeHHRX npw 3HeprHM HeitrpOHOI 586 M3B" 0 

PHCo I Cxeua OllJiTa. It - neiltpOHHLtlt IlJ"ttOKo M= MOHH?op· (MOIU!3a.= 

ItMOHHasI muepa). I,2,3 = cqHHTHnnHitHOHHLYe cqefqHKWo 

PHCo 2 

PHCo 3 
r, ,.,., .f". 

4 - pa,.ttHarop ~e~nxoacxoro cqeTqHmo t ~ ~nn~rp. Pc 
pa,CC8HBa1'e JII,.o 

3aBHCHUOCTi 3(pcpeRT~BHOCT~ q~peHKijB~Koro o~eTqH:!fa l 
OT CKOpOCTH perHC'.t'pHpfeWX llaCTHrt j3 , G 8.-=-pa,»;HaTop -

nne1tcur nae, , = Bo.1ta o 

3aBHCHMOC rL a<M>eKIHBHOit 3He prHH HekiTpmrnB O!'. l10Ka3a!1eJhI 

creneHH :MaKCJU..taJII,,HOro llOMeHra II=!.te30Ha B in~pa:1eHHI -(I) o 

~t·, 

'1 -; 

,., 

·1 
t 

•' j ,r,;J, ,.,, 


