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K aacromneMY BpeMeHH pocT c :rneprnea cetieWLfI Heynpyroro 

a,Iij)OH-B,lij)OHROro :a a,Iij)OH-Jl,D;ePHoro BSaHMO,J:teitcTBIDi MOJKHO C'mTaTJ, 

Ha,tteawo YCTaHOBJie' tlll!M .n;o saeprd "'"" IOO TaB (I) . MMellltKeCH 

9KCilepm.feHTaJ!bHHe ,ItaB.Blle MO.EHO IJapaMeTJ>ltSOBaTJ> B <P<>IJ«e 

l. 
6th,(E)= 6o(1 +~enE +hen.E), (I) 

r.na ~ "'con.~t << 1, h. = con.yl: < < ~. 

0.ItHHo'lllIHe a.zr;poBH ,11,B.HHoit SHe:prim E aa BliCOTax rop, Hs-sa 

.rtpyTO ~I'O nepBl!tIHoro cneICTPa. ilOPOl!t,Il;elili,B OCHOBHOM,IleP­

_,~MK HyltJIOHaMll c E 6 E0 ~ 20 E. ,Umt Taxoro He6om.moro RH· 

1epl38JL9. sneprmt cetie1m:e (I) :sce~a MODo annpoRcm.mponan B 

~e 6 <Ea )= 6 (E) (I+ ~~n.E0/E). 
Ilpx YCROPHTeJWlllx: aHeprnax BaOJii:U:~aeTCJi CRettmmr ,Il;Jill mwm­

SBBHWC Cil9RTPOB BTOPH"UIWC 'laCTlm B 06.JIB.CTH <li.ParMeHTBnm!. IIpeJl­

CTaBJIS:eT HHTepec, co.xpammrcn JIH S'l'H CBO:ltCTBa Heynpyroro BSall­

MOJleitCTBHH B o6JraCTH CBep:xycxopBTeJ.UdilDc SHeprmt • 

.1tJm STOI'O BalmO HMeTD pemelil'l:e ypaimelld JlJlll SHepreTHtlec­

IGDC cneICTpoB ROCMHqecICHX .ry-qe:lt np11 6itt. -::Pcortst.CJ.Uj"lait Jlorap.p-
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MH'l0CKOI'O poem npH ~ «I 6HJI npoaHaJm:m:po:ea.H B paOOTe [2] • 
r~e 'lllCJieHHO OD;eHemt IIO"Jpa.BD K npz6JmzeHHOfl\V' pemeHlUl. B pa6o-

1'0 [3] aHa.JmTH'i0CIO:t llQ.l[y'l6HO pemeHHe C TO'!HOCT:&Il JJ,0 '!JieHOB-v r . 
B pa.ne :pa6oT [4,5] :pac'lleTH A11.ll CJJy'1UUI aa.pymemm cxeitlnmra. H 

pocTa ce'lleHHll npoBe,neHH 'llHCJieHHo. B aa.cTo.amea pa6oTe npime,neHo 

amumnrqec1we pemema:e ,JlJIR CII0KT:poB HYRJIOHOB H IIBOHOB IIPH .imdlix 

a H q • Ilo.n:po6ao o6c~eTM n0Be.nem1e cneKT:poB npl!I'. a << I , 
(JN (J gf <f 

a TB.Kae CII0KTP MllOHOB . 

Ilycn N CE, l ) H Ti (E, t. ) - &Hepremqec:me cneKTpH BepTll­

KSJihHOro DOTORa ByKJIOHOB JI[ IIHOHOB Ha rJIY6mte aTMOcqlep!:l 2 (r/crl-). 

Y:paBHeHlVI .ItBl><IJY:nm, onpe,neJISIBlll]4e 38.lmCl!l'.MOCT:& N H n OT r.uyCS:e:­

HH, H:Mea:>T CJie,IIYBlllld BH.Jl: 

oN (E,~) _ 
a~ -

N(E,z ) 
71N ( E) 

OC> 

+ s 
E 

N( E
1

i) o (E,E')df' 
}IN ( E') )NN (I) 

'd1!lE,1) =- _ 1T(E,r.) (1 + CJf AJf (E)) + 
'Cll AJT(E) E ( "t.) 

JC>o[N (E.'i!) I JT(E;t.) '1 I 

+ 7\r-1(E) ?nN(E,E) + r\JT(E') .fJTJl"(E,E) dE' (2) 
E 

r,11;e A N t E) H )In l E ) - npo6el'H Reyrrpyroro B38l!Mo,11;eil:cTBM HyK­

.noHOB H IDIOHOB B B03.n:yxe B r/cM2, fh1h<. ,(E,Eo) - .ztHqxpepeWJ,KaJilo­

Hbll1 SHepreTK'lecKIIll: cneRTp pOlK,ll;eHl:Ui a.zu>OHa h1 npH B3aHM0,11;elcT­

BID1 a.Iij)OHa ha ' c H,lij)OM. CJT = II5 rsB - IlOCT O.flHH8JI pacJJa,IrA IUI­

oaa B ~soTe:pMH'lecKoil: aTMOC\I>epe. 

B c.cylffi.e cxett.mrnra wIJi cneKTpOB pOJ!t,Jtemm 

.Ph, ha (EI EI) = wh, ha (EI E) IE I=- Wh., h ~ ( u.) I E ' 
(3) 

4 
• 

) 

-

H npa: E >.:.. c JT y:paBHemm ( I) H ( 2) nepexo.wrr B cJie,IrYill!He : 

1 

8N(E.~)== - N(E,t.) ·+J N(E/U,l)hl ( ll)~ 
8 ~ ' /IN ( i:) /IN (EI u) N N u. 

0 

~Jf ( E,e. ) = -
a2 

JT(E, ~) + 
J\Jl'( E) 

(4) 

1 

+J[ N\E / L! , t.) hl '~)+ Jl(E/u,~)w. (L!)~du . (5) 
0 

. AN (E /u) JTN I. 7\.,.(f: /r i) JTJT 1J ll 

,UJxa IIOTOKa ByKJlOHOB B [ 6] WO UOJJY110BO pemeBBe Ylll'UlB~ 

(4) ,Ji,U cTeneHHoro nepmrqeoro cneitorpa z J[Ol'aJBcpmqeo:m :. J)Ei~-;-: . ~ ;. ;:;.-"': 
. ~- . ... .- -..... .. _ - -

,- .. ~ ... ... ... .. .., .. · ~ ·--- ·-
mero ceqemm: B cJie,ey1111011 BB;Jte : 

N(E,1) == N (E, o ) exp (-} + jdl' S du W.i~(LL)U ({(t.'J-·\ .:. · 
N(E) 

0 
o AN(E/u ) ),(6) 

o(i)~'6'+~~ J:N (l) , 

r,I4e ~ X r.i ( z ) onpe,neJIHeTc.a: y:palllieHHeM 
'.):"' 1 .. h:.x: ' 1 

l= J dX\1-J u'6-l· ).~ tLTNN (U)du)" 
0 0 

o. N(~,O) =No(~ , Ji. N (E)=-J..0,.,(1+ ~ NettEf 1 . 
Pememre Moimo npe.ncmmrn Tarute B ID!,Il;e 

N(E ,l) =N (E,O)exp(-XN(i!l )( 1-<u'(('2)-
1 > _) 

) N(E) 1 - < U. ~ - 1 '/ 

1 lf-1tgN Y..._ 
<:: u.'C(iJ-1>= jdu.u 7'~ NwNN(u) . 

0 
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B ,u.a.m.HebeM 6:v.iteM ~ itpa.TROCT.111 o6o3Ba~T.& 

N (E,z) = N(E,O)/\N (z,.AN(E), 'f) . (9) 

Jllia pemeBllUI ypaBBeBllUI (5) 1I.OCTaT011HO SBa.T.D peme:ime ypg.B­

Hemm 

1 

d 11 lE,l) =- n(E,l) + ( n lE/u. ~) 1,U.JfJ[(ll)clll (IO' 
'al JiJT(E) J ' 1'JT(E/u.) u J 

0 

JipJll l :;;.. l 1 c Ha'll8.lI.DBHM YCJIOBJ!lal . 
1 

n (E l ) = j N(E/ ) WJTN (lL) du cH.1 (II) 
' 

1 
)l.,i{E/u) U. ' 

0 

T. e . ypamiemm .IOl\IJPY3Jm ImOHOB,po,lOIIBllDIXCR B CJIOe d ~1 OT HYRJlO­

HOB. Kax B~O, CIIeK'l'P prnit;WUJqHXCR DJllOHOB a:e CTeIIeHBoA' TaK RaR 

conepmrr 'Ll!eH ,..,,. E-qfttE. CIIeKTp n (E, i!.1) HS (II) MOZHO 

Jip0.D;CTa:BHT.D B CJleJtYllllt0M BB,JJ;C : 

n t E1 z ,) = No AN (I,)I~ tE) ,'t)( 1-~N ~ )E-~JlZ,)-~N ::i . c12> 

IJycu n0 (E, "l ) ecT.D pemetme ypa:sHemtfi (IO) c rpamrqHliM 

yCJIOE!eM 

· n D ( E ,l.,) = N 0 '"-1 lt, "N l EL r ) E -~ < u '&'" rl,) ~ d ;.1 
JrN 'JIN 

(13) 

Ero Jlel'KO HB.iiTH IIO ruta.JIOiml c (6) 

s 

no(E.~) "' n0 (E, Z1) /\ Jr(l- z: 1 , ).:ir (E), o(l 1 ,II~)) (I4) 

J\Jr(i!-l1,.An(E),'f(~1,:>.~) =exp(-~-~'. + 

i!. 1 J d~·Jdu.W-JTJ[( u) ua('t,)-1+;;.x:rr(l.' -l,)) 
l, 0 .A JT ( E I 11.) 

(15) 

l'l :XJT('i-t,)onpe,u;eJ11IeTCs ypaimeHHeM 

'X"' (l-l1) "tl'l1)- 1 + ;.~ x. -1 

z - t'.1 = s d x ( 1- < u J1" >) . (16) 
0 

Tor.zta pememteM ypumemm: (IO) c :rpamrcnmM yCJIOE!eM (II) - (I2) 
6yneT 

n (E. r.) = N J\N ( 1.1>]\ JT r..£) , r-) ( 1- <a-N ~ 'i') * 
(17) 

l"Li)- 1 
0 ] dz.1 [E-~<U.n >JTN/\JT(t.-I1,J\Jt(E),'t(l1,i\N) .A~· 

K STOMY Ml IqmXO.IlilM, ' HCXO,ItR: H3 Toro, "ITO no (E, t.) BMeeT He­

rrpep!mHl:le JipOJ!SBO.ztmle IIO 'l H ~ , ll:TO Il03BOJllieT JiplrI IIO,ItCTa­

HOBKe (I7) B (IO) MeHHT.D II.OPJmOK .In$liepeBIJ,JtpOB8llllR: IIO l H ~ H 

&meCTH ;a;R([xl>epeimapo:eamie IIO t" H3-Il01J. 3Ha.Ka IllHTerpa.Jia. B upa­

BOI l:Ja,.CTll. B upa.Bl!J.[l>HOCTH pemeinm (I7) MOl!tHO y6e.D;HT.DC.f.[ TaKlKe 

Henocpe,u;cTBeHHo, BHIIOJlHRB .ztH4xI>epeJmHPO:aamie IIO 'O H IIO,ItCTaBHB 

B (IO). c yqeTOM (17) pemetmeM ypaBHemm (5) .MR ImOHOB 6y'JJ,eT 

z 
n (E,~)= Nojd~1!\~(z1,:AN(E).0)(1-g~ ;)('")* 

0 . 

7 



C '6" < u. ~ l i , l - 1 >Jr N J\ Jr ( r. - r. 1' J\ ~ ( E ) , ·~'tz 1 , ). ON)) ~;, , us) 

r,IJ;e XN H XJT onpe,D;eJlem ypa.BHeHBHMB (7) H (16), a AN B /\:Jr 
onpe,IJ;e.tteHH B ( 9) 111 ( 15) • 

IlpOOHaJillI3liJ'YeM pemeime ypeJmemd IIPH ~N""'9;<1, llTO H c.ne­

'JJY0T HS 9KCII9pBMeHTa IIp!! JlsyllelmHX 9Hep:rmrx:. By,D;eM paCCMa.TPH­

BaT:b XN H XJT lt8K ~ ~II )( 9JT )( pa.s.nODM N (E, l ) H 

n (E, l ) B ~ TeAJtopa. U:O ~ • 0cTa.BJIJm 'IJ.lleBH 1-ro IIOp.wta 

IIO g , .BMeeM 

N (E, l)'.:::'. N(f 00) exp(- -~-)(1 + 9N Z.i!< u "t"-
1 ~ n. u>N~) 

LrJ(E) 2. LN (E) )..ON (19) 

i! i! 

n( 
-4{e_I;_e-t:N [<U~->JTN(1 (<Ul'-

1

~11.U'>Nll 
E,t.)=NoE L..N- LJf AN(E) t<J-N L.,,t.~(L-~-L.-;;) 2. + 

ir-1 0 l)-1 0 ~-1 0 <U tn.u>:lll 1.<ll Ut.U>JTJT <u tn.U>JfJr ) + 
+ L~(L~ - L;1 + £,x(E)L~(1-<u~-1~JT - l..JTL~(L,, - L:rr) 

<Jn<lll-'tui~(l?. ~ 1 \\ ~N (< u~- 1fnu.>;rr"' _ 
L. A 0 2- L-1-·-· +,i.- 1 -L-'la·1;- ~ 1 

Jf Jr N Lilt ~ Ii 1T N . (20 

"l 

_ l~u_-a"-i>lfN<LL~- 1 ~11.U'>JTJT)l_. e- L.,. . [<a-,..<u~- 1~11 ( i~ u:-1~ ~U)1HI 
. ~n(E) lj l.~-L:~ 7',.,(E) 2.L.N "")\~ 

Z <LL ~- 1 tn.Lt) Nl'l 

- L. "Ao lL-1 - L.. _, 
N N N JT 

_ "l.<u.~- 1 en.u'>J'!N)+ <JJT<ull'-
1
tn.u>Jlll" { 1'a-+ 

L..~ r.; Ln L N \2. 

~.,.<u <-mt>:irlf L '° J\N (E)(1-<U >N•J) , LJT =J\JT(E)(1-l.u >n (f-1 0 )] ~ . '(-1 1 ir-1 -1 

"A~/\JT(E) ' ~ 

TaKl!M o6pa.SOM, B Ka"tleCTBe ey.neBoro npR6JIID!temut MOJKHO BSSITb 

N°(E,t.)=N(E ,o)exp(- " "l' i:' (1-<ur-
1
>NN)) 

n(E ,z) =N(E, O) <u~- 1 >JrN/]l.N(E) * 

*[ exp(-z/L..ir) - exp (- ~ / L. N.) ] . 
l- 1 

- L-' 
N JT 

(21) 

(22) 

Onemai:, C.D;eJiaHHhle npz )I: = 80 r/c~ , }1; = 104 r/cMe H 

1.JJNN (u) = I, -u~!N= 2(I - u. )3/u 111""n:JT = 2 (I - u )I.5
; u + 0,4 

:e: CJ- N -= ~ JT = 0. 04 IIOita3imaDT. 'ITO .wm cneKT:pa HYILJIOHOB IIOII­

paBKa K ClleKTPY (21) Ha rJiy6l!!He IOOO r/cM
2

,IJ;OCTlll'aeT JIWirb 25%, 

a ;rI,11H. cneKTPa ImOHOB 40%. MaJ!OCTI> IIOrrpaBKli B CJJ;ytfae Hy'KJIOHa, 

HeCMOTpsi Ha MHOlllITeJll> z '2. ,D;OCTRraeTCSI Ma.JIOCTI>l!l He TOJli>KO ~N • 

HO :e: MHOJmTeJIH <U~- 1~n.u:>. KOTOpil1 O~TeJieH R yMeHJ;maeT IDJ-
NN · 

TeHCHBHOCTI>. B c.nyi:rae cneKTpa rm:OHOB 'Lllelm, co;n;epltail!Re MHOl!GI-

TeJll> exp(- ""lj LN) Ma.JJH Ha 6onmo1il: rJiy6IDie no cpa.BI>:elillll c '!Jle-

HaMa "" exp (- Cl/ L. Jf) 
AHaJIOr!IIt{HHil BYBO;D; 0 TO'IHOCTII eyJie:soro npK6JIIDltBHIDI 6WI c;n;e-

JiaH B [2] m>YI'RM MBTO,IJ;OM. KpOMe TOro,npK CJN ~ <aJT CIIeKTp IIIW-

HOB TaRlle 'tll'ICTO CTenemIOf.t, TaK Kalt MHOllllTeJIK ( I + ~ enE) B 

sHaMeHaTeJie qi<>pMYJIH (22) co~mcs:. 

Hs Haii;n;eHlioro HaMllI pemeIDIH BB.WIO, llTO cneKTpll a;n;poHOB YKPY-

tJaJOTCSI c r.ny6HHO~ aTMOajlep!i. 

IloKaJteM, 'ITO ;II)IJJ. ,Il;OCTaTO'IHO BHCOK03HeprK'llIHX MllOHOB Ta.Koro 

yxpyti:eHWI HeT np:e: ~ << I. PaccMoTpHM CJiylla.it, itor.na E >> CJT . 
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IIOTOK MIDOHOB Ha rJiy611IHe z 

l 
JIL(E('Z,l)=~.Jt J dl.'JT(E',~') 

0 

I!O,D;CTamlM B (23) pemeHHe B ~pMe (2Z: 
z Z! 

N E - ~- 1 J d l ' - L E?..r. - 0 
- e :ir _ 

jJ ( I ' ) - i\; ( E )( L -N1 - L; 1) 0 l' ( 

:2 

e- LN):: 

No E - \ ir +1) [ L z. l )] 
"° f n. -e- + E 1 ( L J + E 1 ( l Jf ) 

(23) 

(24) 

r,n;e E 1 ( :x: ) - llIHTerpa.!U,}laR'. IIORa3aT0JlhHB.fl cpymm;im:. IlpH 6om.l!lllX 

3Ha'lemm:x apryMeHTa E (:X:) "'"'e-ji: iI c xopomel TO'IHOCT:LD 

JLl(E,t:)~ 
-(0-+1 ) ?;-1 o LJrj 

No ( E · t. ) C JI < u.. >JT N <. r1 L N 

A N ( E 7.. )( L -N1 - L -Jr1 ) 
(25) 

T. e. c T01Di0CT:b!l ,D;O lJJleHOB "' 9 yxprteHB'Ji CJieKrrpa Ml)()HQil "6 

npOKCXO,ItHT. 

Ta.KHM o6pa3oM, MH Ham.mt :a o6meM mme a.HaJmTH'Iecmni peute·· 

yprumem .1tHWJy3D B CJiy'lae Jiorapllf>WJqecxoro pocTa ·~~'!OE.'i if 

CKe:lmmra ,IVIH . KHKJ.W31i!BHIDC cneRTpoB llpK .im6Hx 3BB.'l{eHHf{"{ . ~ ~ 

CaexTp HyKJIOHOB Ha BCex rJJy6:e:HaX aTMOopepH cTeneHHol B YKPJ"Ul-

eTCJI c rJJydHHoli. CIIeKTp IDIOHOB co.n;eplKHT 'IJleHI:l T:rma ~ e ILE E - r­
B Tl:IKl!e yxp~aeTCJI . CnexTp MIOOHOB c xopomett TOtUIOCT:&n He YKPY­
'laeTCH IIO cpaBHeHH1> c II0PBB'IHHM. 

B 3aKJimeHRe Blij)alKaD 6.naro,IT,apHOCTl> A.U.AMaTy!m I! 8.A.Mm.m­

,Il;JIW.Wllry aa noJieaHHe o6cYJK,D;ellllSI. 
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