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r. OEmAfl XAPAKTEPMCTW\A PAEOTbi 

.nl'!ccepTal.\lllli nocBf!illeHa TeopeTlllKo-pacqeTHOMY 11ccJie,11;0Bamno 

npoxo~,11;eHl'lfl KocM111qecK111x JiyqeH B aTMocwepe .iU!fl paAa MO,Zl;eJie~ 

ceqeHlllfl 111 lllHK~ID3111BHoro cneKTpa. PaccMoTpeHhl aHepreT111qecK111e 

cneKTPN O,Zl;lllHOqHJ:CX a,Zl;pOHOB Ill J16IlTOHOB B aTMocwepe B CJiyqae JIO­

rap!4IJ!MJ4qecKoro pocTa ceqemrn H cKettJI11Hra Ma HHKJll03111BHott 

TIJIOTHOCTlll pacnpe,Zl;eJieHlllli 111cneKTPb! a,11;pOHOB Ill JieilTOHOB B illA] AJ!fl 

Mo,11;eJiett 11 1rnasHCKett~111HroDoro 11 T~ma. 

AKTYaJihHOCTh TeMb!. ~syqeaHe KOCMwqecK111x JIY~H BcerAa cJiy­

lKlllJIO BalKHUM lWTQqHJ1KOM npOHl1KHOB6Hlllli B !lJYHAaMewranhHble CBOH­

CTBa Ml'IKpOMlipa np111 Bb!COKl4X 3HeprlllHX. 

XapaKTepHo~ oco6eHHOCTI>ro pa,11;a BalKHe~111111x aKcnep111MeH~'OB B 

KOCMl/lqecK!4X Jiyqax H81..16J16HHblX Ha 111syqeH11e np11pO,Zl;N Cl4JlbHblX B3a­

lllMO,Zl;e«cTBl/IU IlPH 3Hepr111HX Bblill6 I03 
raB HBJif16TCli OTCYTCTBHe npa­

MOL! CBf!3111 1&6lK,llY 1/13MepaeMwm BeJI111qVJH8Mlll VJ xupaKTOpHCTl1K!Ul11 lljJ0-

1..1ecca 1&Holltec'l'Be1moro poXA01rnn, Pe1u, 111,1\eT oO ::mo11ep1.uao11·rax nu 

1113Y'it;jHl/IID llpCJCTIJUllC'l'UIJllllO-:JllO fll'll'rl'l'lllO ICMX XUJJlll(1'11J>l1U'rl'llC 1(1 HllUl­

qeclCJdX Jiyqet\ IJ I'Jiyril.mu ll'l'M11u<!JnpH. I( 111111 11'1'llllUH1'1lll vi1•1:11111l11111111w11 

IlOTOKOB 11 0,Zl;l/IHOt!HblX11 U,l.\fllJllOIJ lol Jlllll'l'OJlllll, lol.1,'{ 1411111-111 1•111111·1·11 111.•'lrn 

CBH38HHI:CX ceMeil:CTB raMMU-ItllUll'ru11 11 d/lllllllll(I 111~1:111111U ,Jll1Jf'l'1111 11 

KOMilJI6KCHOe 143yqemrn KOMilOHOlli' lllAJI. JlJlll llt1Jl'/ 11111111ll 1111•1111;'1'lllllllll~X 

Ill ltoJil/lqecTBeHHblX BNBO,Zl;OB 0 JOlle/l,OHl1fll l!ll 11111111fl lol 1:t1'11(1'f'1111 p11111 

,l.\OH1101 qac;T1ni; np111 B3a11Mo,Z1;eHCTBl1HX Bbluu1w11 .111i:J1nrn 11, 111:11111111 /l 111 

HblX y1m:JUIIHblX 3KCnepllIM6HTOB HeOClXO,Zl;l/IM i'UOjlvi·11•!11\!l.IHl :111111111.1 "'"' 

XOlK,AUIUlll JW(;!iA11qecKoro 1/13JIY1.!6Hlllli qepe3 Cl'l'MOUl!lUlJY. lJUllllllllll 'l'dlllll"ll 

liHUJll1t:Jll l!Jl,YlKl1T pacqeT xapaKTepliCTli'IK KOCMl/lqecKoro VJ:.JJIY'IUlll'IH 11111111 
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MeTOi'J,OM peweHl1H Cl1CTeMhl ypaBHemiM .ZU.1\WJY311!.1 pa3Jil1'llib!X KOMTIOHeHT' 

JI1160 MOi'J,eJI11poBaHlile Jil1BHH MeTo.zi;oM MoHTe-KapJio. 

.X.oporno Ill3BeCTHoe perneHJlle ypaBHeHJllii ,lJ,l1tlJl1Y31111 HYKJIOHOB I" Tilil­

Ji!OB ll CJJyqae 110CTOHHHOro ceqeHl1H 11 CKei1Jil1Hru ;!\JIH JllHKJII0311BHOro 

Cet{8Hl1ff Cb!rpaJIO ClOJil>lllYIO poJI:O B yc~l'aHOBJ!eHl1l1 Slll\il8KTa Jllil;ZJ;lilPYIOll\6H 

l!UC~'l11.1,bl lil CJiaOOR 3aBlilCl1MOCTJll KOSc!;\lilill.l,lileHTa ynpyroCTV! OT _SHeprmd. 

ilocm.rneHHO npel.(CTaBJIHeT lilH Tepee HUXO)J(,l'.J;e1rne CiHa.JllilTlil'ltlCKlilX peme­

lllr!H t1Jlf1 cJiyqaeB 3aBV!Cffil\ero OT aneprirn ceqeHlilH, ptlrneHl1i1 lilMeIOll\l1X 

11pocTy10 cTpywry py, II03BOJIHIOUJ,YIO c,n;eJiaTl> Harirn,n;HblJA Ka'leCTBeHHh!id 

·<: 
UilhJ!ill3. 

HeodXOi'J,l1Mb!M lllal'OM B auaJIJil3e .n:aHHblX lliAJI HBJIHeTCH pacqeT 

cpe,l\Hl1X xapaKTepl1CTl1K JllilBHeK sa,n;aHHOI BHepl'lilJll MeTO,l'.J;OM q11cJieHHO­

I'O perneHlrn Cl1CT8Mbl ypa~rneHl1H 'Alil\WJY3llll1 ero KOMTIOHeHT. IlpJll STOM 

BalKHb!M MOMeHTOM HBJIH6TCH Bb160p MO,l'.J;6Jllll MHOJKeCTBeHHOro POlK,l\6HlilH, 

TIOJIOJKe1rnoro B OCHOBY. pacti:eTa. ,il,o HaCTOHll\ero BpeMeHl1 Bh!TIOJJHeHO 

ClOJiblllOe KOJ!l1tJeCTBO pa6oT' r;n;e 11PIIIM6HHJ!l1Cl> MO,ll;eJilr! CKe~mrnro:aoro 

Tl1!1a c J1orapI1I~M~qecK11 3aBl1CHll\el OT SHepr1111 cpe.zi;He~ MHOJKeCTBeH­

HOCTl>JO I! MO;zJ;eJrn: c Hapyrnemieu: CKelJil1HI'a H CTenouHi.14 POOTOM 

cpe;n;Heli MHOlK6CTB6HHOCTlil. TIOHBJ!ellll16 0 OAllO" OTUJltllllJ llOltlaLX ~mcne-

PllfMeHTCiJ!l>!lblX .&aHHblX H!i ycKopH'l'OJIHX lll'H 00J1uu 111~1w1rnx a1111 p1•1111x 

~l pa3Bl1Tl16 Teo µe'l'Hl{(IU ICHX llJlllllll 'I'll llJ111 lllH1 ti XllJIUIC'l'll Jiil llJ ii IJ~Jl)COil 

MHOJKUC 1ruu11uoro IJUJKJ\llllHll 11111.1 lll~lllll\IJU dllUJll'HH 0 lll'Yl'llll, ·1·111:uyeT 

MX Y40'1'11 II 110111.X JlllU 111l'l'llX. B 1lllC'l'lllJC'l'l1 llJJISAD1'UIJlllU'l'tlll 1111'1'.YaJil>­

lllAN llJlUUn/\l!llHll JllllJllll'l'llll c llpl1MUllUlll11JM AIOAOJlllM II JlHll'l',YlllHM ce-qe­

llHUM, JIUl'lllJH~MH411UICl.1M IJUU'.WM l111KJII03lll:BllO" nnaruooTM p:11:11po,lleJ1e­

llHll ll llOll'l'JlllJll>llllt.l OClJlllCTl1 no dblCTpOTe H O(llAHIM MllllMCll!'l'llOHHOCTl>!O 

<. n > , .... p_,,aE. 
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Pacti:eTbl cpeAHHX xapaKTepVJCTHK illAJl HMeJOT To npeMMYll\6CTBo, 

tJTO Tpe6yroT B KaqecTBe lilCXO,ll;Hb!X ;n;aHHb!X Jllilillh 3HepreTlillieCKY!O 

s_aBHCVIMOCTD ceti:eH.11ti VI OAHO'laCTVI'!Hb!e VIHKJ!l03lilBHble pacnpe,ll;eJieHMH 

l3 M0,&6Jllil' T. e. HaM!60Jiee Odll\k'.18 xapaKTeplilC TMK!IJ npo:uecca MHOlKeCT­

BeHHOro pollt,l'.J;eHMH. 

UeJIM l1 aa.gaq11 pa60Thl <JiopMyJrnpyroTcH CJieAY!Oll\lilM o6pasoM: 

I. HaxoJK,zi;e1rne aHaJIVITl1'lecKoro perneHl1H y paBHeH11i1 AVIcliWY3HVI « f!OTOKOB 0,l'.J;k'!HQqHbl.X HYKJIOHOB l1 11!1.!0HOB B CJiyti:ae JJOrapm}.lM!l.llieCKOro 

pocTa ceti:eHl'IH c SHeprlileii, CK6HJIMHra AJ!H lllHI\JIJ0311BHOI IIJIOTHOCTlil 

pacnpeAeJieHlilH lil CTeneHHoro nepB111rnoro cneKTpa. 

2. ldccJieAOBaH110 TIOJJYlieHHOro pemeHIIIH !Ipl'I yCJIOBMM MaJIOCTlil 

I<osqicIJ111.1,J11el! Ta nponop1.1,110HaJihHOCTI1J cerreHlilff JiorapMrJ/My a1:epr1111. ".do;­

BO,l'.J; npVJCiJivtlKeHHL:· ~ • : ... ;··1: T' :·l '(f)T0i>C.B a,&pOHOB 11 01.1,eHKa TO'ilfOC­

Tl1 np!1.16JII1JllteHlllH. 

3. JloJiyliemrn cJ1e4cTBlll.i1 VI3 npm6JimiteHH_oro pememrn lJ.j!H no·ro­

KOB raMMa-KBaHTO] VI MIOOHOB Bb!COKOM aueprVIM. 

4. llocTpoem1e aJ1ropwrMa ,n;JIH ti:MCJieHH oro pelllemrn cMc Te,.<bi 

ypaBHeH/11~ .n:1111<JiY::Jlillil KOMIIOHeHT lilAJI 11 MeTO,l.lOB. 01.1,eHK!tl TUlJliOCTl1 

perneH!l.IH. 

5. Tlo11y-qe1111u 01111uMup11wx 1rnc1m.l(Hb!X K)JMBhl.X l'.I SHepreTVJqecKl'.lx 

cneKTpOB KOMTIOHeHT UJAJI :JllJ\UllllO~ :rnupr111111 llll-ll1l~l1lilpOBaHHb!X HYKJJO-

-; HaMl1 lil H,l.lpaMk! ,l.lJ!H MO,l.ltlJlOIA u llllU'l'YlllHM (JlJ4Ull>IOM li:lUl1M0,7lClllC~'iJlilH 
llJ pOCTOM lilHKJI!03VIBHOJ1 TIJ!O'l'HOOTH JlllOlllJll/\OJllllllll!I 11 UCJJl:W'l'l1 11lllOl!l:-

3al.lllll1. 

u. Gpa:al-!eH.11e paC'!eTHbl.X ,11,UlllllilX u puayJ11.·1·11·r11M111 J\J'Y 1•111x p1-.w-

1:1e'l'H1Jx, u TUKJKe SKCTiepMMeHTaJI.bHWC. puOuT c l\UJll.110 llllJIUJlUJJUlllllH 

OOI'JIUOlllll lll~UpaHHOJ.t MO,l.leJI/11 c ;!\U1UIWil1 l1:.tMUJIU11"1lA hJAJI. 
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7. Wccne;JJ.oBaHHe BnlllHHHH oT6opa ll1AJl no Ne Ha xapaKTep111c­

THK111 Jill1BHeH B CJiyqae CMeilla.HHOro XHJWqecKoro COCTa»a nepB111qHoro 

KOCM111qecKoro 1113J1yqeHl/1H. 

H~yqHaH HOBll13Ha pa6oTa. B 'A111ccepTaizy!I11 BnepBb!e noxyqeHo 

aHaJI111T111qecKoe pemeH111e ypaBHeH111H ;zuiI~IDY3111111 HYKJIOHOB 111 n1110HoB B 

aTMoc<J?epe B cnyqae norap111~M111qecK111 pacTy111ero c 3Hepr111eM ceqe-

HHH B3al/1MOAeHCTBl/1H 111 CKeHJIHHra 'AnH HHKJI!03111BHO~ UXOTHOCTll1 pac­

npeAeJieHHH, MMero111ee y;JJ.o6Hyro 'AnH KaqecTB6HHOro aHaJ.lll13a CTpyKTY- ,,. ' 

py. IloKaaaHo, qTo B ~ac0MoTpeHHOM cJiyqae npo6er norxo111eH111H aa­

BHCMT OT 3Hepr~rn 11 rny6111Ha aTMOCIDePbl 111 qTQ 3Ta 3aBl/1CHMOCT:b 

if;aKTOpH3yeTCH. IlpH6JHtllteHHble qiopuyJibl ;zvrn crreKTPOB np111 

nonyqeHa Ha ocHOBe 06111ero pemeHHH. 

~aHo np111~JII11J1teHHOe aHaJill1Tl/1qecKoe 0Ill/1CB.Hl/1e cneKTPOB a'APOHOB 

npH H8JII11q111111 orpaH111qeHI11H Ha TIJIOTHOCT:b JllllBHeBoro conpOBOJitAeHHH, 

OCHOBaHHOe Ha yqeTe ;JJ,OMll1Hll1PYIOIIleH pOJil/1 JIHBHeBWC qacT111~·0T noc­

Jie;JJ.Hero aRTa B3al/1MO;JJ,8HCTBll1H Jill1'All1PY!Olll8rO a;JJ,pOHa B aTMOCIDepe. 

Ilpe'AnollteH anrop111TM q111cneHHoro pemeHHH c111cTeMbl ypaBHeH111~ 

'AH~IDY3111111 'AnH KOMnOHeHT illA~ OCHOBaHHillt Ha np111MeHeHI111/1 MHororpyn­

noBoro MGTO;JJ,a 111 pa3HOCTHOH CXGMbl pemeHl/1H MHorprpynDOBO~ ClllCTeMbl 

ypaBHeH111H. Ilpe'AnOlltGHHaH pa3HOCTHaH cxeMa He HBJIHeTCH CTaH;JJ,apT-

HOH, a IlOCTpOeHa c yqeTOM oco6eHHOCT8H yKa3aHHO~ Cl/1CT6Mbl ypall­

HeHHH, qTO n03BOJill1JIO 06ecneq111T:O Bb!COKY!O CKOpOCT:b 111 T01!HOCTb 

pacti:eTOB. BnepBble Bbll10JIH6Hii pac11eTbl cpe.JtHHX KBOKO;l\HhlX Kpll1BblX 

J.1 attepreTHl:ecKlllX cneKTpOB KOllllOH6HT lllAJI B UTMOC1l1epe Ha OCHO­

ne MO;JJ,eJieil C p&CTYIIIHM C61!8HH6M 14 JIOI'UpI1141UHllCCIU1 µacTy114eii B 

11,eHTpaJibHOM o6JiaCTll1 no 6b1CTPOT6 11111KJIKl:JHllllOU llJIO'r!IOCT:b!O pacnpe­

;JJ,eJieHHH. 
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IlpaKTH'lleCKaH U6HHOCT:D. IloJiyqeHHOe B ;11111ccepTa11,111H peweHHe 

ypaBHeu111.li ;l\MrWJY3111H HYKJIOHOB 11 m!OHOB 1wi!teT 6b1T:D npMMeHeHo np111 

aHan.Hae .n;aHHblX 3Kcnep111MeHTOB no •rnyqeHll1!0 cneKTpOB O,Zl;l/1H01!Hb1X 

a.n;poHOB B aTMocwepe. On111caH111e cneRTPOB npM Han111q1r1111 orpaH111qeHHH 

Ha !!JIOTHOCT:& Jll1BH6BOro conpoBOJlt,ZJ;eHll1fl MOlKeT 6b!T:b np111MeHeHO ,Zl;JIH 

aHaJIH3a .n;aHHHX ycTaHOBKH "IllllOH" Ep\VJII H aHanor111qHblX ycTaHOBOK 

.n;pyr111x Jia6opaTop111~. 

PacqeTbI xapaKTep111cT!4K ill~ 6y7JJT rrpll!MeHHT:DCH np111 paapa60TKe 

npoeKTa KOMTIJieKca 11 AHlll 11 , aHrurnaa .n;aHHhLX, a TaKJKe np111MeHHT:bCH 

rrp11 npoBeAeH1114 MO.n;en11poBaH111a ill~ no r116p111.n;Ho.li cxeMe. Ha oc­

HOBe 111M8101Jl111XCH nporpaw.1 6y /J,YT BblnOJIHHT:bCH pacqeTbl c 111CTIOJI:b30-

Ba.Hll1eM HOBb!X MOAeJieli ;JJ,Jlff 11HKJII03111BHblX cneKTpOB. 

Anpo6?.l@.ff pa6oTbl. PeayJll>TaTa, noJiyqeHHble B .n;111ccepTa11,11111 

.n;o1~a;llb1BaJ.1HC:& Ha ceM111Hapax Ep<t.llI, pa6otrnx coBe!JlaH111Hx 11 AHllI11 

(Hop-Au6ep.n;, 1980; 3HMeHKH, 1981), Ha Bcecoro3HOH KoHwepeH11,11111 

no KocimqecKHM JiyqaM (CaMapKaH.n;, 1981), 7-0M EBPOTI6HCKOM CHM -

noa111yMe no KocM111qecK111M nyqaJI (~eH111Hrpa;JJ., 1980), 17-o.li Mellt.n;yHa­

po.n;Hott KOHtlJepeHWfH no KOcwtqecxau nyqaK {IlapHm, 1981) vi Ha XIX 
Mem;JJ.yHapo;JJ.HOH KoH~epeHIµ1111 no w111aHKe Bb!COK11X 3HeprHH (ToK1110, 

1978). 

Ily6JIBKaIU1H. Ilo p03YJlbTaTaM ).l;HCCe[JTD.ll,111ltl orryOJUll\OBaHO ;JJ,e -

BffTb pa6oT, CTIHCOK KOTOPhlX npHBO;l\HTCfl B KOHU6 aBTopewepaTa. 

06'beM pa6oTb! • .ll,HccepTaUl4H rrnc1!-i~11· ~·1: :;11:.; ;, ,·:~:, ~i:iex. 1'J18.JJ, 

~3aKJ!XlqeHHH. Co.n;ep:imT 90 cTpamu~ ~3Jlllll11u11!i1r;tt.•>.'(1 ·~:.t>.:·1~ 1, ? ra6m1u, 

14 p111cyHKOB >I erntcoK JlrtTepa·rypll :13 'H a;r 1 1 :• "JU'·· 1"l. 
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IT. KPATIWE CO,ll;EPJKAHVIE PAEOTbl 

Bo BBe,gemrn 06cyJK,n;aeTCH aKTyaJI:&HOCT:& npo6JieM, .r.rnyqeHHblX 

B pa6oTe' C~10pMJm1poBaHHbl aa,n;aqH MCCJie,ll;OBaHl1fi l1 KpaTKO l'ISJia­

raeTCH co,n;eplKaHHe ,Zl;HCCepTa~HH. 

B rrepBOM rJiaBe ITOJiyqeHO aHaJIMTHqecKoe pemeHV!e CHCTeMbl 

ypantteHviw AMWWY3VIH rroTOKOB o,n;HHOqHhJX HYKJIOHOB M ITVIOHOB Koc­

MHqecKoro viaJiyqeHvi.a B aTMOCcpepe B cJiyqae JiorapHWMMqecKoro poc-

Ta cetieHM.H Ill CK6MJlll!Hra ,Zl;Jl.fl HH!\JII03l1BHOti TIJIOTHOCTV! pacnpe,l.\eJieHill~ . 

§I l!OCL'JT BBO,ll;Hb!M xapaKTep. B HeM npviBeAeHa CMCTeMa ypall-( ) 

HeHMM ,Zl;HtJi\PY31t1H HjKJIOHOB l1 IlHOHOB B O,Zl;HOMepHOM rrp116JIHlK8HHlt1 B 

001i(CM BL'!,Zl;e YI ee peweH1t1e B CJiyqae CKei1JIHHra rrpH IlOCTO.HHHOM ce-

tiemrn. §2 TIOCBHJJ(eH peweHMID ypaBH6Hl1.H ,n;mj)cpy'3H:l1 HYKJIOHOB.11pe,ZJ;­

liOJIQjj(8J!O, qTo npo6er norJIOUleHlrn HYKJIOHOB B aTMocq,epe B pac­

CMOTpeHI!OM CJiytiae HBJifleTCfl tl;aKTOp:l13yeMoi1: \PYHKL\He.M rJiy6MHbl M 

npo6era naa111v10,n;elilcTBMH. TioJiyqeirn vi pemeHo ;n,Hcp!lJepeHL\MaJI1>HOe 

ypaBHe1rne ,ll;JUI He1t1sBecTHoi1 '1JYHKL\HM rJiy6HHbl 11 TaKviM 06paso11 ;llO-

KaaaHa crrpane,l\JIMBOCT1> c,n;e.rraH!lOrO npe,n;nOJIOlK8HMHV! M ITOCTpOeH 

·flBHhlil BH,Zl;.BblpalKeH11H ,Zl;JIH aHepreT11qecKoro cneKTpa HYKJIOHOB B aT­

MOC\Pepe. B §3 pacc11aTp11naeTCH cJiyqai1:, Kor,n;a qacT:& pocTa ceqe-

HHH npo11cxo.n;HT sa cqeT IlPOL\6CCa ,Zl;ll!qJpaKL\HOHHO~ ,Zl;V!CCOUHaq11111. Pe­

illGHl16 ITOJiyqeHO T6M JKe cnoco6oM, qTo Ill B §2. IloKa3aHo, qTO pOCT 

ceqeHHH sa cqeT .Z\11qJpaKL\ll!OHHOH ,Zl;ll!CCOL\HaUHM He ITPl1BO,Z\HT K yRpyq-.('" \ 

HeHl1IO crreKTpa HYKJIOHOB B aTMOCqJepe ITO cpaBHeHHIO c nepn11qHblMo . 

B §4 peruaeTcf! ypanHeHHe MH n1110HOB BblCOKOH 3Heprirn ( E >>Cir ) • 
IToKasaHo, qTo eCJIH nepnviqHblH 8HepreT11qecKHH CIT6KTP IlOTOKa a,Z\~O­

HOB viMeeT BH,n; E-1fnE , To cneKTP n rJiy61t1He aTMoc\IJepbl MoJKHo 

HaliTH ,Zl;l1W\P6P8Hl\lllPYH rro ~ Bb!palKeHHe ,Z\Jlf! 3H6preTHqecKoro cneKT-
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pa IlOTOKa c nepn11qHb!M crreKTPOM E.- 0 • Ha OCUOBe 3TOro rroc­

TpoeHo BblpameH11e ,Zl;~fl CIT6KTpa ITli!OHOB. 

Bo BTopoti. rJiaBe paccMoTpeHbl cJieACTBHH Ii!3 o6ii(ero pewemrn 

rrepnoi1 rJiaBbl ,Zl;JI.H CIT81\TpOB a,n;pOHGB Ill JI6m.'OHOB 1l CJiyqae' KOI'Aa 

s,.,~ « l ' a TaKJKe HeKOTOpb!e BOfIJ:.lOCbl 0!1li!CaHll!fl. crreKTpOB a,ZJ;pOHOB 

npll! HO.JIHt!ll!H orpazrnqeH11f! HU ITJIOTHOCTJ:. JIHBHeBoro corrpOBOlK,l.\8Hl1fl. 

B §I paccMOTpeHbl cneKTPbl HYKJIOHOB ll! III!!OHOB B cJiyqae, Kor­

.Zia @rv"'~'W <...c 1.. • Bb!BeAeHhl pasJIHqHble rr_pu6Jill!meHHble BblpaJKettl1H AJia 

cneHTpon 111 Ol\eHeHa 11x ToqttocT:&. IloRasaHo, tITO TIPT/l ~ .... .-.g,. <.< 1.. 
ytieT qJieHOB nepBoro nopf!;l(Ka ITO 8 IT03BOJIH6T l!OJIYtI!i!Th TOq­

HOCTb Jiyqwel1 5% ,Zl;Jlf! B8JIJ1q>'JHbl CITHHTpa Ha ypOBHe MOpfl. §2 rroc­

Bf!llteH aHaJil13Y 3HepreTJl!qecrrnro CJieKTpa MIOOHOB BblCOKOVr 3Hepr11H 
~ 

Ha oc.Hone np1t16JI11lKeHttoro BhlpameHH.H ,Zl;Jlfl cm.fKTpOB rrll!oHon. TioJiy-

qeHo, qTO c TOqHQCT:&IO ,Zl;O 3KCITOH6Hl\l1aJI:&HO MaJib!X tIJJeHOB, 3Hepre­

THqecKl1M cneKTP MIOOHOB B rJiydHHe aTMOC(j:epbl 11M66T ITOl-ta3aT8Jl.b Ha 

6MH111.\Y 60JI:&IU1t11'i, qeM noKa3aTeJI:& nepn11qttoro cTeue1rnoro cnewrpa 

1t1 He pacTeT c rJiy6HHO.ti. B §3 npoBeAeH aHaJill!3 auepreT1t111ecKoro 
I 

CITJKTpa raMMa-RBaHTOB l'1 3JieKTpOHOB Ha OCHOBe np116Jil1EOHHHX BLl-

palK6Hll!l1 ,Zl;Jifl CIT6KTPOB HYKJIOHOB H ITHOHOB l1. c l'1CilOJl:&30BaJrneM pe­

syJI:&TaToB Teop1111 3JieKTpoHuo-~OTOHHblX Jill!HHeii. CneKTp aneKTpo­

MarH:l1THoi1 KOMilOH6HTbl yKpyqaeTCH c rJiy6VIHOM, !10,Zl;OOHO CDeKTpy 

a,Z\pOHOB. B §4 paCCMOTpe1rn nonpOChl cpanHeHll!H petueHH~! JiJ .. nHe-

HV!H c ,L\aHHb!MM 3Kcnep.viMeH Ta' B qac THOC Tl1, l!jJll! l!uJ!Vl til1l1 or !JuHll!'-

qeHV!.H cnepxy Ha ITJIOTHOCT1> JIMBHeBoro conpOBOlKA8Hl1fl IJ0JI!13H Toq1rn 

perHCTpfil\!1111 a,n;poHa. IlpM qms11qeCKll! o60CHOBaHHOM rrpe,l\ITOJIO:~eHll!lll, 

qTo B IlJIOTHOCTl> conpOBOlK,Z\6ml.H B 3TOM CJJYtIUe ;zJ;OMHHlllPYID!lil1M mrna,ZJ; 

BHOC.HT 3JieKTpOHbl JIHBHfl OT ITOCJI6,L\Hero Cl1JI:&HOI'O B3ClHMO,Zl;eticTBl1fl 

Jl.ld,Zl;MPYJOlll6ro a,n;poHa, TIOJiyqeHbl BhlpalKeHHfl ,Zl;JIH npe:a:eJIOB 11H1'erpHpo-
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BaHlllfl ypa.BHeHlllfl .zU<t~WY3llllll. IloKa3aHO, qTQ B npe.D;eJie 6oJil>W14X 3Hep­

r111li ,n;oJIH nlllOHOB 111 npoBsalllMOAe~cTBOBaBlllHX HYKJIOHOB ·B oTo6paaHOK 

TIOTOKe CTeneHHblM o6pa30M na,n;aeT. ~3 cpaBHeHHH c AaHHbillH ycTa~ 

HOBKlll "IllllOH" c,n;eJiaH Bb!BO,ll;, qTQ np• 3Heprirnx .6. 2 TaB TaKOit 

npe.ZJ;eJI eme He .ZJ;OCTlllrHyT. 

B TpeT»eli rJiaBe lllayqeHH cpe;!Ulllle OAJiOMepHHe sHepreTHqecKllle 

cneKTPbl a,n;poHOB Ill JieIITOHOB B illAJI aa,ZJ;aHHOH 3Hepr14.14 Ha OCHOBe 

peweHl/lfl Cl/ICT6Mbl ypaBH6Hl/IH Alllil4JY3llllll KOKilOHeHT JllllBHH B aTMOCII/epe 

.ZJ;JIH pa;zi.a MO.ZJ;eJie~ 111HRJIJ03lllBBOro cneRTpa aHaJilllTlllqecRlllM lll q111cJieB-

HbIMlll MeTO,ZJ;aMlll. 

B §I np111Be.ZJ;eHa Cl/ICTeMa ypaBH6HlllH .zU<!qxpY3llllll a.zu>OHOB B O;llHO-

MepHOM npl40Jil/llK6Hlllli!.. ,llJIH ABYX ynpomenHb!X MO,ZJ;eJieH MHKJll03l/IBHOrO 

cneKTpa Hali;zi,eHO auaJilllTlfl!6CK06 peUJeHH6 ypaBH6Hlllfl .D;lll®JY3HH. IlpH 

3TOM yti•reHbl aJJ.POHhl TOJibKO O.ZJ;HOro copTa Ill npeHe6pelKeHli npo:qecCH 

pacna.ZJ;a • .ilJIR MO,ll;6Jilll MYJihTMIIepH<llepHt!6CKOrO T'l/lna c (I"\> rv en E 
l/IHTerpaJihHblll 3HepreTlllt!6CKlllH cneKTP l/IM66T CJie.ZJ;yJOll\lllll aClllMilTOTlll-

qecKJ/!H Bl1.1\ 
h (>E,~) rv e.xp(-z + 2vaz:G\(£o/E) ) 

,llJIH Mo,n;eJIM c JioraplllCp:t.rnqecK111 pacTymeVr nJIOTHOCTl>JO pacFipe,n;e1r'eHlllH 

B o6JiaCTlll Ill/IOHl/13aUllllll noJiytieHO 

e_xp(- l + V"2.b( P.nEo/6)% h (>E,t.) "' 
Tipe.D;llOJIOllC6HO anpOKC!1MlllPOBaT» 3Kcnep!1M6HTaJihHbl6 3HepreTlll­

qecKl/le cneKTPlil a,n;pOHOB B!ilpalKeHlllflMl'l Tl/Illa 

h(>£, i) ~ -{?_)( p ( d ~~(Eo/f) 
B §2 o6cyx,n;aioTCH uo;zi.eJilll AJifl ceqeHlllfl Baa11uo,D.e~cTBlllH 111 lllHKJIID3lllB­

HblX cneRTpOB. B COOTB6TCTBl4lll c ,D.aHH!:ll&H 3KcneplllM6HTOB ceqeHl/16 
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napa1v1eTp111ayeTCH B BlllA6 

G"'{E):. C>o ( !-t ~~E -\- h £n2.E) 
PaccuoTpeHli peayJIDTaTH np111weaeH111fl pe.D;lKeBcKo~ cxeMH, a TaK~e 

,!JJUJihHOH napTOHHOLi CX6Mbl Ill lll,1\6M KDaHTOBOH xpmAO,n;1rnaMlllKlll K om1-

caHlllJO l/IHKJIID&l/IBHhlX cneKTpOB. Ilp111Be,D.eHa napaMeTplll38Ulllfl l/IHKJIID3111B­

HblX cneKTpOB,lllC110Jih30BaHHb!X nplll npo:ae,D.eHm1 't!l/ICJl6HHliX pac't!eTOlJ. 

J/IHKJIID3l/IBHbl6 cneKTPlil 3KCpanOJilllpOB8.Hbl B 06jiaCTh BblCOKlllX snepr11.ti 

Ha OCHOBe MO,D.eJieii· c <t'\'> ..... ~£ H (Ir\/ "'~'lE YI acmmOTJd­

tleCKHM cKei1JI111Hrou: no nepe~eHHOt.i XR = E7E~ . ti §3 om1caH 

aJiroplllTM t{l/ICJI6HHOro pemeHlllfl Cl/ICT6Wil ypaDH6Hllli1 ;zi.111(fA>ya111111 KOMTIO­

HeHT lllAJI, a TaKJire cnoco6H oneHKK ToqHOCTlll pemen111a. Cxeua i.rnc-.. 
neHuoro pemea111a coqeTaeT ;ABa np1116JI111EeHHblX MeTo,D.a: MHororpyn­

nono~, KOr.ZJ;a HHTerpo.ZJ;111<ll1llepeHU111aJll>HOe ypa:aHeHl/10 3aM6HH6TCH ClllC­

TeMOH )tlll~~epeHUlllUJil>HblX ypaBH6Hllll Ill paaHOCTHuH - .ZJ;JIH peUJeHlllfl 

anpOKClllMHPYIDll\6H ClllCTeMbl Alll~~epeH,UlllaJihHblX ypa~eHl/I~. ~CilOJih30-

BaHHuH paaHOCTHhlH ueTO.ZJ; yt1111TbIBaeT oco6eHHOCTlll ,D.a.HHOR c111cTeMli 

ypaBHeH111li. IlpoBepKa TOtiHOCTlll q111cxeHHoro pemeHlllH npoBeAeHa ABY­

MH "npHMtW.!111 MeTo,n;aM111. Bo-nep:a1i1x, q111cJieHHOe peme1111e cpaBHlllBa -

JIOCh c TQqHHM aHaJilllTlllt!6CKlllM .ZJ;JIH KO,ll,eJieii §I. Bo BTOpOM MeTo.n;e 

TQqHOOTh perneHl1H o:qeH!1BaJiaCh'IIO TOqHQCTlll Bb!TIOJIH6Hlllfl aaKoHa co-

xpaHeHl/IH 3Hepr>H1 Jil/IBHHo 

B §4 np11ne,n;eHhl lll o6CYllCAaIOTCH ,n;aHHHe q111cJieHHoro pacqeTa ;11..'IH 

KaCKa;Z!.HOiil Kpl1BOt;\ no q111cn:y 3JieKTpOH01lo ll,JU! 
11 CTaH.ZJ;apTHOH

11 
MO,l\eJilll 

cKeiiJilllHra c IlOCTOHHHHIA ceqeH!lleM pacqeTH npo:ne.n;eH~ c yqeTOM Ill 

6es pacnaAa nHOHOB. PacnaA IllllOHOB npeHe6pelltlllMO MaJIO cKaablBaeTCH 

Ha KacKa;n;Holi KpHBol4 np1r1 E0 ~\()1r s~ • IlpH MeHhllilllX ::rnepr111HX 

OH np!1BO,ll;J/lT K y1r1eHhll16HldID rJiy6111H~ i'l B6Jllll1il/IHH MaKCMIAyMa KaCKa.ZJ;HOii 

- II -

i-:J 



Kp~rnoiii. C1rnpocTI> y;n;mmeHl'lfl Jili!BHH ( ,,e£.on%Qi.Lon "t.O.Tu
11 

) onpe;n;eJIH­

eMaH Kai· d z"'1d~E., IlOCTOHHHa B IAHT6pBa.Jie nep:BJ111HblX SHeprl1H 

104 - 109 rsB. O;n;HaKO OHa 60~I>llie, qeM 2.3to 3HaqeHli!H CJie.n.yromero 

li!3 TeopeMbl o cKopocTJA YAJIMHeHl'lfl npli!MepHo Ha 5 r/cM
2• PocT ce­

qeHTAH CIAJinHOro B3ali!MO,ll.6HCTBli!fl npli!BO:!\li!T K yMeHnllieHli!ID CKOpOCTli! 

YAJil1H6HJllH. ):(aHHble no KacKap;Hoii itpi.rnofrt M rJiy6li!He MaKCMMyMa npli!­

Be.n.eHbl B Ta6Jili!~ax 3.l - 3.4 l1 plilCYHRax 3.2 - 3.6. Blil:!\HO, qTo 

Ilpli! OTOOpe Ha AaHHOia rJiy6l'lHe 8.TMOCcpepbl Jili!BHefrt IIO qli!CJ!Y SJieK- r 
TpOHOB Ne , npM Ma.1Ib1x Ne 6YAYT npeHMymecTBeHHO oT6l1-

paTn-cH JIMBHlll, Bb!SBaHHble nepBJllqHbJM npoToHoM, c pocTOM Ne 
oy:!leT BOspacTaTn :!\OJIH JIMBHeii, Bb!SBaHHb!X H,D;paMlil. B §5 nplllBeAeHbl 

li! o6cyJKAaroTCfi pacqeTHble AaH!lble no MIOOHHOiA. ROMnoHeHTe lllAJ!. ll!a 

:!laHHblX Ta6Jil1~bl 3.5 Bl'1:!\HO, qTo :!\OJIH HaqaJibHOM 3Hepr11rn HeCOMOiii 

MIOOHa:r.m yMeHnlllaeTCH c poCTOM HaqaJIJ)!iOfrl SHeprMl'I l1 OHa pacTeT c 

pOCTOM aTOMHoro BeCa nepBJllqHoro H:!\pa. Ilpl1Be.L(eH SHepreTl'lqecKJlliii 

CildKTP MIOOHOB Ha rJiy61rne 700 r /cM2• CneKTP KpyTona.n.arom11tl' np11-

6JIHJKe!HiO CTeneHHOM C ilO!\a3aTeJie~vi -- I. 5. I:prne,Zl;eHa 3CJ.Bl1Cl1MOCTn 

rroJIHoro q11cJia MIOOHO:a c sneprllleiti 6oJinme 5 rsB OT aaqaJinHOil: saep-

rrirn l'l aTOMHoro Bee a. C yqeT~M oT6opa JilllBHeiii 110 Ne. , rrocTpoe-

aa saB11c11Mocn Ny. oT 1~-e. B cJiytiae cMemaHHoro nepBlllq­

Horo Xl1Ml1l!8CIWrO COCTaBa. B §6 np11Be,D;eHbl l'I o6cyJK;n;aroTCH pactieT- . 

!lb!G AaHHble 110 a;n;poHHOH KOMilOHeHTe ll!AJ!. Ilpl1Be,ll.eH SHepreT!1l!eCKl1H 

cneRTP a,l\pOHOll Ha rJiy611He 700 r/cM
2 

np11 pa3JI!1l!HblX nepBllll!HblX 

SHeprl1fiX. 8TOT lKe cneKTP Ilpl1Be,ll.eH B lll1,l\e qiyHKUJ/ll1 OTHO!ll6Hl1H 

SHeprl'Il1 H'yKJIOHa K SHepr11111 nepB!Al!HOro H;npa. CnJKTpbl a;n;pOHOB B 

cJiyqae nepB111qablX H;n;ep MHrtie, qeM B cJiyt1ae nepB!t!tIHoro npoToHa. 

PactJeTHb!e ;n;aHnb!e .ll.JIR npoToHa JielKaT 11pl1MepHo Ha 25-30% Bblllle, 

l!eM ;n;aHHbie SRcnepl'!MeHTa. 
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ill. OCHOBHblE PE3Y JibTAThl PAEOTD; 

l. lloJiyqeHo aua.rrl1Tl1tiec:Koe pemeH11e ypaBI:ieHl1i1 AMl.\itQY3l1M o;n;111-

HOqHblX a,Zl;pOHOB B aTMOCl}_lepe B CJiy1.1ae JIOrapl1qJMJ/11.!eCKOro pocTD. co­

l!eHJ/ll'I M CK6HJil1Hl'a l(JIH l'IHI<JII03MBHOJ1 11JIOTHOC•rfl! pacllpe,Z(ejieHli!H. 

2. rioKaSaHo' 1.!TO JKPYll6Hl1e Cl16KTpa a;n;poHOB ll rJ1y6HHe aT­

MOC\jlepb! no cpallHe1rnro c nepBMl!Hb!M npOl1CXO,D;MT Jili!lllh sa 01.!eT pOC'ra 

ceqeHHH He:!\l1tflpaKI.\MOHHb!X 11poueccoB. 

3. TioRasaHo, qTo npl'l ~t/"'~t1(<. i. He upolllcxo;n;l'!T npaKTl1tiec-

Rl'I yKpytieHVJH cneKTpa Bb!COKOSHepr11tIHb!X MIOOHOB ( E >'> Crr ) n 

OTJil1l!l1e o~ crreKTpa a,l\pOHOll, B corJiaCl1Vl c CYli\6CTBYIOll\11Ml1 SKCne­

PHMeH TaJIMiblMl'I ;naHHb!MVJ. 

i+. IloJiy1.1eHbl cneKTphl o;n;11Ha1.!Hbl.X a.n.poHoB np111 Ham1q11111 orpaH11-

t1eHli!H Ha 11JIOTHOCTI> JIMBHeBoro corrpOBOJK,l:(eHHH B np116JI11J:(eHl1l1, oc­

HOBaHHOM Ha yqeTe ,ll.0Ml'!Hl1pyromeiti pOJil1 Jll1BHeBb!X l!aCTl1~ OT llOCJie,Zl;­

Hero CltlJinHoro ll3al1Mo.n.elicTBl1H. Pe3yJil>TaTh! corJmcyIDTCH c aKcne­

PMMeHTaJihHb!MJll .L(D.HHb!Ml1 YCTUHOBKl1 r;111tl0H 11 • 

5. TI0;1y1.1euo B KOMilaKTHOM Bl1:!\C aHaJil1Tl1qecKoe pewOHMe ypaB­

HeHltll'I ,l\l1'1¢Y3l1M a.n.poHOB B illAJI npl1 HClJil1l!l111! o;n;Horo Tl'!na a;n;poHOB 

,ll.JIH /.IBYX npOCTb!X MO;D;eJieli :l'IHKJIID3l1BHOro cneI<Tpa. 

6. noc'.l'poeH anropl1TM l!l1C.JieHHoro perneHltlH cvrcTeMbI ypunHeuJW 

;l(l'Ii;i;'1_Jy3l11A KOMITOHGHT illAJI, OCHOllaHHb!H Ha pa3HOCTHOi-i C.i.vMe l-'E:UW­

Hft!H MHororµymronoli CVJCTeM11 ypaBHemul. MccjJe.L\lllJ'crnu TlHhOCTh pe­

I:IeHJAH "npHMbIMV. MeTO:!\UM11, o;iaro,l\apa 1.1eMJ o6ecneqeHa 5i, To--<HOCTI> 

ql'lCJiel-IHUl'O pemeHl1H B lllli!pOKOM ,l\Ji!ana • .vHe 3!!0]!rl1~l ~! rJiy61m. 

7. iio.rry,rnirn pacqe'.I'Hh!e AailHLie AJJli cneitTpo:s a/~porrn:s " :.uoo­

HOB lJ lliA.r, a Ttll\Ji(e noJ!H JPO 1.!Ji!CJIU SJiel\TfJO!lOB ]:J Cl'l'l.IOCQ;epe /~J:H 

MO;l(eJrni1 c <n) ~fuE vi <n)~~'E VI frJi-m•:'IiiLIX n,~ep c 
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A = l, 4, IO, 26, 56, B }.J.J/JaTia30He 3Heprlll~ 10
5 ~ 10

8 
rsrl. 

fl. Ilpolle;n:eHO cpal3H6HlllC IIOJIY1i6HHb!X A3HHblX c pesyJIJ>TaTaMlll 

Apyr111x pacqeTHblX pa6oT 111 c aKcnep111MeHTOM. AaHttble no KaCKaAHOM 

Kplt!BOW no q)ACJIY 3JieKTpOHOB c orJiacy10TC fl c pesy.lll>TaTa?.IB pa6oT' 

r].J.e noJryqeHa OTHOCJ.1T6Jl:bHO MeH:blllaff CKOpOCTI> y ;n,JIHH8Hll!H JU'IBHH. 

9. floKa3aHO, qTQ B c.Jiyqae CMelllaHHOrO XHMW!eClWrO COCTaJla 

nepBir•rnoro KOCMJ.iqecKoro 111s11ytieHlllH, saBlllCll!MOCTI> Ny TO Ne. 
60.Jiee KpyTaH, tieM B CJiyqae H].J.ep OAHOro TkiIIa, 3Itcnepll!MeHTaJII>Hbl8,( 

].J.aHHble MoryT 6blT:b YAOBJI8TBOPll!T8JI:bHO OillllCaHbl MO}.J.eil>IO c ) 

Ill c nepBlll"iliblM XlllMJ/Jt!8CK1iM COCTaBOM c<A) r-JI6. 

( 

.. ('f -
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