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@ EpcaaHcK11;; qm.~u•1eci.:uu uHcruryr, 1982 

PeweHHe ypa.sHeHl!:H .n;Kcppya>m .n;JISI aHepreTKtieCKIDC cneKTPOB a.n;­

poHoB KOCIYnt'IeCKOro lrnJJytieHHH B aTMOajlepe onpe.n;eJ!IIeT llOTOKli Bcex 

'JaCT~ pa8JIHtn!liX KOMIIOHeHT. O~o B aKcnep:BMeHTaJil>HI:lX yc.JioBHRX 

.n;eTeKTHpoBamm aJJ;pOHOB HeJ.Ib3S! o6oftTHCJ> oea onpe.n;eJie.mmx:, o6yr:y 

JioMemna: npe.llfJ(e Bcero rrapaMeTpaMH H xapaKTepKCTKRa.MR .n;eTewra­

PYIOlllei!: anrrapaTypR, KPHTepReB OT6opa, aOJieauwc .Ir,JIR ;zr,a.m,Hefunero 

aHa.Jmaa C06HTlrli. Ha ycTaHOBitaX, r.n;e ocymeCTBJIHeTc.a:, B 'JaCTHOC­

TH , onpe.n;eJieHHe OTHOWeHHH llOTOKOB !IROHOB R !IpOTOHOB Ha.IJ;eJKHOe 

onpe.n;e.zremi:e II/p B03MOJKHO Jim1II, MJI co6HTIDi c WIOTHOCTJ>IO tmcT~ 

B08.IJYlllHOro .mmueBoro conpoBoJ!t.n;eHH.SI, rtenJ>meii HeKoToporo @KKcR­

poDa.HHoro nopora. Jl,Jm ormcrum.a: crreKTPOB n:pR Ha.inrm K:pE:Tep11eB 

oT6opa Hepoxo.n;HMO pememi:e 60Jiee cJioJKHoii aa.n;ai:m, 'IeM pemeHHe 

ypamremri! .n;H@Jymm. IIOJiyi:mu ueo6xo.n;Hwe, rro :KpaliHeli Mepe JilJ'JX­

MepHb!e :;::e.crrpe.n;e.Jiemm, c y'IeTOM oco6eHHOCTeft YCTaHOBKR MOlitHO 

Jll!IIIJ) c IIOMOUU>lO MeTo.n;a ffoHTe-Kap.n:o. 0.n;F..a.KO ,ll;OCTaTO'I!IO Ha,I.(eJKffilM 

MOJKeT 0Ra3aTJ>CJI aH8..7Il!a, OCHOBaIIl:!!IB Ha HeKOTOpoli YIIPO!lleHHoft I\ap­

TIDie npo.u;ecca. npa.BWI.bHO Y'!RTima!OI!leii JIHlllJ) i!Ja,KTOPlil. lIT'pa~e Ha.H-

60Jiee BaJ!lliyIO pOJU, . 

B HaCTamiteftpa6oTe .n;aHo npx6JimltenHoe orrn:caHHe crreKTpoB a.n;-
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poHoB rrpn Ha.Jm'Ilru: orpaIDrtieHIDI na IJJlOTHOCT:b mmHeBoro corrpoBoJK­

.n;e:im:H. OHO OCHOBaHO Ha yqeTe J!KBHeBHX "'IE.CTID.\ JllilJl]) OT ITOCJ!e~e­

ro B3ffilMo.n;elicTBIDI pe:rncTpHIJYer11oro a.n;poHa. TotIHocn TaRoro rrpR-

6.JnDKeHIDI pacTeT c IJOCTOM 3Heprym qaCTM:Ull. 

RirroMHID11 BHatiaJie HeKoTopble oco6eHHOCTH perneID1i1: ypaBHemtii 

.n;R@ysJm. I\aK usBecTHo, cpe,iuiee qM:MO BsrurMo.n;ei!:cTBIDi B aTMoc<IJe­

pe> B pesyJI:bTaTe KOTOIJHX po~CH sape:rncTplqlOBaHHIDi Ha r Jiy6:mre 

l HyK7IOH .n;aHHoli aHepnm < rlta > = Z<U0~ 1>/~, r.n;e u. - itoajl::JlH­

LU'IeHT ynpyrOCTll, Q'- 1 - IIORa3aTe~ llHTerpa.m:.Horo 3HepreTir'leC­

KOrO crreKTpa rrepBI'I1IlillX 'ID.CTR!.\. CJie.n;oraTe~Ho, B cp~eM MeiKJJY 

TO"'JEaMll B3aHMo.n;eHCTBHH JieJKHT cJioli Bos.n;yxa ~ /\ / < U. ir- ~ > 

Ecm{ Il:pil!TepneM OT6opa .ffBJI.il:eTCH: OrpaIDft!emrn CBepxy Ha .Pe. - IJJlOT­

HOCT:b 'laCTHU corrpoBOlli,ll;elllL'I B~3~ TO'IK!'r perHCTPaJJ;m!: a,IlJ)OHa, TC 

ecTeCTBeHHo rroe.n;rroJIOJKl'!T:b • qTO B C06HT.WlX c Ma.JIHM .?e Mb! BMeeM 

.n;eJio co CJiyqaeM, xor.n;a rroc.ne~ee B3aHMo.n;e:HcTBFie Jm.IJ;RPYRJ!lero 

a,zjxrna BMeJIO MeCTO, .!(OCTaToqHO Bl;lCOKO Ha,ll; ycTaHOBKOH ll COI!pOBOl!t­

.n;amllrli JlllJBeH:b Ha.XO.D;lITC.II B cTa,n;mr saTJ')CaHIDI. Corrpo:aOJK,IJ,axmd Jlli­

BeHI> sre.i1.1IeTc.1I cyrreprrosm:J;Heli JIKBHeli c TOqRB.MliI sapOlli,ll;eHRJI B Toq­

xax B3aBMO.!(eHCTBM JUmli.PYIOll!ero a,m:>OHa. IiJiaro.n,ap.H TOlJfY. q TO TOq­

KH BsaRMO.!(eHCTBH.II B cpe.n;HeM OT.n;eJieHbl .n;pyr OT .n;pyra Ha paCCTO.II­

HHe IIOp.!I.!(Ka A./< u '(• 1> 250 r/mi . OCHOBHOM BKJla.!( B IIJlOTHOCTh 

.Pe .!(a.!(YT qacTIU.JPl JilIBHR OT IIOCJie~ero B3allMO.!(e:ll:CTBW:I. IIo aHa­

JIOI'lill c 3JI0KTpOMarHHTHHM KaC~ JIHBHeM MOllil!O CqE:TaT:E,, 'ITO 

- l - l, s 
Pe~ a.e " (E(1-Li)/u) , (I) 

r.n;e E - aHeprM sapenICTpllIJOBaHHoro a.n;po:aa, u - yrrpyrocT:o 

a.!(poHa B IIOCJie~eM BSa:ID.10.n;eliCTBllll, i!'.1 - TOqRa B3aIDl!o.n;eil:CTBllH • 
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/\ - rrpo6er rrorJiomemur JIBBWI, H a - napaMeTp, orrpe.n;eJI.1IeMIDi 

rrapa111eTpaMU .n;eTeKTOpa JIHBHH (pa3MepaMli' tf,,)"BCTBHTeJI:bHOCT:bIO, rro­

porOBHl\'IH xapaxTepHCTHKaMH H T • .n;.). OrpaHHqemre CBepxy Ha .Pe rrpH­

BO.n;RT K YCJIOBUIO 

l- z, 
ae- -"- (E (1-u)/ u.) 5 

< .fe
0 

.. 

OTey.n;a CJie.Jzy!OT CJie,izy.rwnre orpamrqemm: HR l.1 !II u 

0 ~ r. ~ l - I\ s en. a. E ( 1 - U) = l nop . 
1 s>e u 1 

( 
f; e'i./" )1/s )-i 1;.( a.i: ~u~1. 

(2) 

(3) 

IlyCT:b, c:Pi (f} i) - 3Heprern:qecl00i crreKTP a.n;poHOB i - ROl.1-

IIOHeHTbl Ha r.nyd:aae l . Pacrrpe.n;eJiemrn ITO rny6mre polli,ll;eHlltll 

(rrocJie~ero B3ruIMo.n;elicTBIDI) H .n;oJie 3Henrmr, rroJiy'!e1mo~ B 3TOM 

B3aTIIJVIO,!(eHCTBIDI u IIMeeT mm 
~ - l, 

~i(E,r.,t.j,u) = L. cp. (t. 1 , E/u)U\· (u.)e-~du.dz.,+ 
j J j u. (4 ) 

z. 
+q\(E,O)e-";. 

:r.n;e cyrmvmpOBaJIBe H.D;eT no BCeM ROll!IIOHeHTaM )polli,ll;aIOll!liM 1. 

HeHTy, 

KOMIIO· 

IIOJIHoe q:acJio a.n;poHo:a cp;, ( E, Z) IIOJiy'IlIM, MHTerpTIIpyR ( 4) 

ITO u OT 0 .!(O I Ji! ITO i 1 OT 0 .n;o t.. • AIIB.J10I'll'IHO, CITeKTP 

a.n;poHOB c orpaHH'leHHHM corrpOBOlli,ll;e:HHeM ITOJiy'Il!M, HHTerpHpyH (11) 

B rrpe.n;eJiax (3): 
1 'l-li(E,UJ t.-t." 

,+. (E ~ < 00
) =.L r.Q.g_ J ~ rh(z E/~)e~ + 't'i } l j £ . j U. A' 'y, I> 

J l(E,i) o cl J 

~ 

+ ~- (E , o) e ;\;_, 
1. 

e. 'i.//\ i/ -i 
€ ( E. l): ( i + ( ~0 e /a E.) 5

) 
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.1 ( r. u) =- "s. en. (ct< 1- u J £ / J 0 e u) . (5) 

.Uo CKX: rrop Mbl He qlmtCH:po:eaJm THII a,ZIJ)OHa H BR.It P0a.KI.tRH, OT 

K'">TOp.ix 8aBHCllT <f>..(E, l) H Uft.j (U) • 'I'm1H a,ZIJ)OHOB - II:poTOHLI, 

HeiiT:poHH H IIHOHH. ~ HHKJIJJ3HBHIDC pe~. ROTopae MEI Blil.D;eJIIDA 

STO - Heyrrpyroe poJQJ;eHHe HYKJIOHa HyXJ.!OHOM, Heyrrpyrrur rrepesapJJ,11;­

Ka HYKJIOHa, :poJQJ;eHHe HyXJ.!OHa c TeM JKe 38.Pff,l(OM, pOlli,lteHHe IIHOHa 

HYKIIOHOM H IlllOHa IIHOHOM. 

PaCCMOTpmA .Ii1Ill II:poCTOTfl IIOTOR BCex HyXJ.!OHOB, y.n;oBJieTBOpmo­

lltHX IqJHTepmo OT6opa (2)£ 

0 -~ 1 
ir-1 {-1 "' N(E,l, <fe ):NoE f dlLU. v,.,,..(u)/<u. >N,.. 

f. 

[exp (- .! -~ en 
L14 :\111 

a.J1- uJE )- exp(- ;N)]:: 
l\s ir-1 

=Not-°'[ exp(- z,. )(E ~:f y:<u. t .. .i exp(-~")]* (6) 

As r-1 
f '(•i + -p < u. > .... s du.1.J".,N ( U.) U. is-1 e. /\S ~-1 

E(E;i) <·u. · > ( 1-u) Jle.• <u >,.,,., 
Ilpl'l'. He Otmm. 60JlblllBX E lil a. ~( E,~) 6Jm81to R ey.mo l'l'. IIpl'l'. 'l'a.tm:li'. 

SHepI'HSIX 

N(E,Z,<.P,n"' 
S ir-i i! 

A <IL >,. ,. - L.i > -r~ e f 

T.e. cneRTp OT06piHHHX Hyl<JIOHOB mneeT IlU.Ka3aTe.7ll> cneRTpa 60JU,­

rmrli,. treM .Ii1Ill CIIeKTpa Bcex ByKIIOHOB H .n;OJIR: TaimX HYMOHOB B 

-~ < IL'°-">,. o6~eM noToRe IIa,Ita.eT Kalt E ~~ ". AHaJ!oI'lil'tl:Ho, .ItJlff noTo-

Ka IlllOHOB 
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/\S l-1 Z! i! 

n(E,t/:.fe.0
)"- E-o-?;N<U >m!ITe-Lg;_ E-oe-J;""!l" 

3.n;ecI. Ml~ Y'Li'IH, 'l:fTO i\ 5i ..:::: L N • 

B c.iry-qae 60.Jll>JilllIX 3Ha"!emlli Q. 11 E C..( Z!, E) cTpeM11Tc.ff I< i 

B IIO,Il;WIT8rpa.Jll>HOM Bhlpa;K8HHli cymecTBeHHO ITOBe.n;eHHe <J:iy1~m 

1"'" ( u.) B6Jrn3H e,n;HHfilW. TeopeTH"'l:fec1rne coo6pa;Kemm 11 sKcnepm,mn­

TaJll>.Hble ~HHhl8 ( rrarrp. [r' 2] ) rOBOplIT. "'l:fTO IIpl'1 00.lilillllU LL crrpa­

Bew,nma CJle.n;yroru,a.JI rrapa:.1eTpli38.IJ.RlI HHK.Jll03IDllih!X crreKTpoB 

2> 
°'W"!lTN (•ll.) ""' ( 1 - U.) 

)
-1 

WPP~ Wn.n."" (1- u. 

~w-,,,p ~ Wpn "' (1- u) . 

(7a) 

( 7cl) • 

(7B) 

IIo,n;CTaB.11.fff:I B ( 5) COOTBeTCTBYJOC(He BHpaEeHIDI .n;.JlfI crreKTpOB, IIOJIY-

"'l:fliM crreI<TPH rrpoTOHOB, mroHOB :a neil:TpOHOB. IT pH OOJIJ,IfillX E rro,n;aB-
o 

.JJJIJ(IUee 60.JThlllIIHCTBO 8.)JJJOHOB c .Pe< .Pe COCTa.BSIT 'l:8.CT.IU.l;bl. HC!Thl -

TaBUme Bcero o,n;rro B3rua.;o,n;et{cTBHe . 13 STOM CJJY"'l:fae crreKTPU IX'l3.7IWI­

HHX KOM!lOHeHT (;y;rryT BeCTli ce6R: CJie;rryKll.(IDVl o6pa30M: 

Np(E,1)°"' Np(o)E-"lf+ Nn(o)E-'ll'-
2

+
5 

Nn(E,t)"'Nn.(o)E-\Np(o)E-¥- 2
+

0 
(G) 

n -t-4rc5 /\S lf - 1 
(E ,1 ) ....... N( o)E , 6 =-~<U. > . 

1:'.!op;.1J"1b! ((:) no:n.o l!C!!O.Jlb30B<'1'l'h np;r ari:a.1m3e oKCrJe;_:;r;;c!,:'"'1.''~ 

H!:IX .I',D.I!HUX' IIO.'t;,.'"C!D{b!X. B ye. WB:IflX OL'Jl<.1.IC::'l.Clil!JI ua corrr )B._; ~,Oi!ilC 

amnor11"IHO TO!·:Y, ·:..~ · ·r1•:P 'Ci.' 11nc;r .J"!::e:r--11 YJ.Xl.BHCH:fir J.J. • ·1 .•; .1. 



Ilpli omrnamrn: crreKTPOB y Hae IIOJIBMCJI .IJ;OIIOJilUITeJI:OHhlH rrapa.MeTp 

Q , xapru<Tep~rnyIC11.lllli .n;eTeKTOp JlliBHJI. Ero 3.Ha'leHHe MOJKIIO 

Ha}ITH, pacmnTpMBM OTH~ll!eirne IIOTOKOB a.n;pOHOB IIPH pa3JIH'IHHX 

mreprnmc. 
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