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1. BBE.L\EHME 

8KCITCpHMCHTaJI.bHhlC ;r:J;aHHhlC 1 ITOJIY'<ICHHhlC B Ha'9:aJihHb!fi rrepHO~ HCCJlf!/];OBa

HHH BhiXop;a. "t!acn·m: B ;:m;o;mcno rrorryc¢epy npw ¢parMCHTaiJ;HH .H;r:J;Cp B rry"'Kax 
"<JacTuu,: BbiCoKoH ;JHepnm: [1,2}, II03BOJUIJIH ycraHOBHTh orrpep;eJICHHYIO yaxmep

ca.rrhHocTb IIOBC)J;CHIUI CIICKTpOB ;)TMX "laCTIUJ; B o6JiaCTH1 JIC2KaiiJ;eil 3a KHHCMRTH

~ICCKHM npegenoM ;o;.rrH B3aHMo;o;ellcTBH51 Ha cso6op;HOM rroKO.RII.J;CMCJI HYKJIOHe [3,4J. 
CooTBCTCTBYIOW;JIC rrpou;eccbi OTpa)l(aiOT KOllJICKTHBHhlif xapaxTep BGauMop;eH

CTBHH B n:p;pax, KOrp;a B <PopMHpOBaHHll 6biCTpo:H- "-!aCTllll;hl, JICTJU1J;Cil: Ha3a,D;, IIpH

HIIMaiOT y-qaCTIIC HCCKOJihKO HYKJIOHOB H;o;pa. IlpH IIOITbiTKax KOJlll"-ICCTBCHHOrO 

OTII:ICaHII.R BhlCOKOHMIIYJibCHOil "<JaCTII CIICKTpOB C IIpiiBJ'Ie-'9:CHHCM CIJ;CHapHCB llpO

u;ecca, rge paCCMaTpiiBaiOTC.H TOJibKO HJKJIOHHhlC CTCIICHH CB060;IJ,hi (nepepaCCCX

HHC, 4JepMH-)J,BH2KCHHe, BhlCOKOHMIIJJibCHa.H HJKliOHHrui KOMIIOHCHTa), He y;tt;aeTC5.1: 

norry"<IHTh y;o;onrrcTnopHTCJihHOro corrranur c aKcrreprrMeHTOM. BoJihlllcro ycrrexa 

M02KHO ,!1;06HThC.fl B IIO;IJ;XO;r:I,aX, r;a,e IICITOJih3JCTCII rHIIOTC3a 06 06panonaHIUI B 

.n;a,pc IIJIOTHOro HYKJIOHHoro KJiacTepa B cpopMe MYllhTliKBapKOBO:ii: KOH~Hrypa

IJ;IIH, a Bhl1ICT 6hlCTpOff ~aCTHIJ;hl Ha::Ja;IJ; CB.IDJhlBaeTCH C llpO.HBJICHIICM CIICKTaTop

HOrO MexammMa rrpH pa3pyrnemru no;o;o6Horo KrracTepa. OcHOBaHHhle Ha TaxoM 

IIO,ll;XO;rJ;C KOJill'lCCTBCHHhle OIJ;CHKM BhlXO;r:I,a 2KCCTKliX IIHOHOB Haoap;, C;rJ;eJiaHHhlC B 

pa6oTax [5,6,7J, ;o;aiOT y;u,onrreTBopnTeJihHOe corl!acne c aKcrrepnMeHTOM. 

)lnx o6o~ma"<IeHiffi rro;u,o6HhiX rrpou;eccon A.M.Ban;u,IIHhlM 6hlrr npe;a,rro)KeH Tep

MIIH "KyMyJIHTHBHhlC" [8,9], KOTOphlii OTpa)Ka,CT TOT ~aKT, "'TO )l;llil pO)K;rJ;CHliH 

KYMYJIHTIIBHoii ~:racTIIJ.l.hi neo6xo;u,nMa KoHu;eHTpau;IIH B o6naCTH B3aHMo;o;ellcTBIDI, 

B MaJIOM JIOKaJibHOM 06'beMe ( :S; 1 q>M), :omeprnu HCCKOJibKHX HYKJIOHOB Hp;pa IIyTeM 

IIX CJlHffHIIH B "xarrniO" a;u,poHHOfi MaTepHH. 06pa.'30BaHHe IIO,EJ;06Hoff a;a,pOHHoff 

KaJIJHI MO)I(CT IIpOIICXO;IJ;HTb KaK BCJlep;CTBHe B03HHKHOBCHH.H ~JIYKTyaiJ;HH IIJIOT

lfOCTH (q>nyKTYOHa) B 06bi~HOii, XOJIO;r:I,HOfi, .H;rJ;epHofi cpe;u,e ("XOJlGfJ;HaJI" MO;ri.CJih), 

TaK II B penyrrhTaTe C)KaTH.H .Hp;epHofi MaTepHH rrop; p;ell:CTBMCM HaJieTaJOIIJ;efi "!a

CTHI.J;hl ("rop.H~aJI" Mo;o;errb). K pacumq>poBKe MCXaHHGMa o6panoBaHH.H no;o;o6-

HbiX crycTKOB a;o;poHHoH MaTepnn B .H;D;pax cnep;yeT, O"!CBH/];Ho, rro;u,xo;u,nTh c no-

3IIIJ;HH coBpeMeHHoH Teopnn CHJihHbiX BGaHMo;u,ciicTBn:H: - KX)l. 

B HaCTOHIU,CC BpCM.H MHorne BOIIpOCbl1 CB.IDJaHHbie C BpeMeHHOi:i: H IIpOcTpaH

CTBCHHoii aBOJIIDI.J;Heii MHOrOKBapKOBbiX o'6pa30BaHH:ii B H)J;paX, OCTalOTCJI OTKpbi

ThiMH. 0TMC~CHHrui B pafioTe [10] Tpy;D;HOCTb Bhl6opa MC)K;IJ,y "rop.H'<IHMH" H "xo-
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nop;HhiMM" Mop;eJUIMH coxpa.H.HeTc.H ;o;o cnx nop. 8Ta rrpo6rreMa Morrra 6h1 6biTh 

panpemeHa npn nccrrep;oBaHHH KYMYJI.HTHBHbiX npou;eccoB c ITOMOIUhJO Hau6orree 

-qncT_Oj'_D npo6HHKa - nenToHOB. 0AHaKO H3-3a Marroro CC'ICHH.H KYMYJIJITHBHhlX 

ITpOD;€CCOB :r;rpaKTH'9:€CKM BC€ liM€101U.HCC.R Ha CCrO;r::J;HJI 3KCIICpHMCHTa.ilbHbie p;aH

HblC norry"'eHhi B a;r~,poHHbiX H !pOTOHHhix HY'IKaX II CBJIG<tHbl C HCCJIC)J;OBaHHCM 

Bhlxo;o;a xyMyrr.RTHBHhiX IIIWHOB1 xaoHoB H 6apnoHHbiX ¢parMeHTOB (n:poTOHhi, 

HeHTpoHhl, JJ.HM6p;a--qacTnD;hi n rrerxne z;a;pa). IIccrrep:oaamre o6paaoBaHHff xy

MYllJITHBHhlX BeKTOpHbiX Me:J.oHoB n nenTOHHbiX nap - 3ap;a~m 6y;o;yu.~;Hx axcrre

pHMeHTOB, Tpe6yiOlUHX 6onee HHTCHCHBHhiX IIY"'KOB H annapaTypbi C BhiCOKHM 

6biCTpO,D;eii:CTBHCM. 

AxTHBHhiH nHTcpcc K rrccrre,D;oBaHniO pmKp;eHIIJI xyMyrr.aTHBHbiX Mc3oHOB 6hw 

cTnMyrrupoBaa rnnoTe3o:ii KYMYJI.HTliBHoro Dcf>l}leKTa A.M.Ba.JI,II;HHa (1971, [11]), 

COrJiaCHO KOTOpo}i KBapKOBbl€ CTCIICHH CB060gbl B .ap;pax JJ;Orr:lKHbl IIpO.HBJl.HTbCJI 

rrpn cmepnUIX Ily-'-:IKOB 1 KOrp;a HMIIYJihC 1 IIpHXO;r::J;.HlUHii:C.H Ha KOHCTHTJCHT '9:rJ.C:.THIJ;hl

CHapH;r::J;al rrpeBbiUJaCT nopor KOHI!Jal'IMCHTa (T.e.2"_0.3-0.5 rDB/c). Bnocnep;CTBHH 

6biJI npC;r::J;.'IO:Ii{€H JIOpCHIJ;-IIHBapUa.HTHbiii: KpUTepniL OCHOBa.HHhlil Ha Y"'-:lteTe pa3HO·· 

CTH KBagpaTOB 4-cxopocTei:I (bik) B3aHMO)l,eilcTBYIOII(HX o6'bcKTOB [12]. Corna

cno bik-KPUTep:mo M02KHO C"'-IHTaTb. '9"TO KBapKOBhi€ CTCiteHH CB060)J;hi IIpOSIBJISI

IOTC.H B H,IJ,pax_, Ha"JHHaJI C b;k ~5\ '9:TO COOTBCTCTByeT 8HCpr:vm: IIpOTOHHbiX IIY"I

KOB E=3-4 r8B. Bb!lllC ;:noro rropora Ha6JIIO)J;aCTCff YHimepcaJibHOCTb llOBC;JJ;CHIUI 

CIICKTpOB KYMYJIJITIIBHbiX '-:laCTHD;, KOToprur M02KCT 6biTb OXapaKTCpH30BaH_a KaK 

'' K,D;CpHhliJ: CKCilJIHHr" [4]: Hf.l.KJIOHbl r:mepreTH"'J.eCKHX CIICKTpOB KJMJJDITUBHhlX "ia

CTI:ID; IIpH qmKCIIpOBaHHOM yrrre Ha6mop;eHI:lH IIOCTOiiHI-Jhi II HC :JaBHCJiT B nepBOM 

npu6rriLiKCHHH oT DHeprHH H TJ:Irra -qacTuu; ny"'Ka u MaccoBoro "-IHcrra (A) Hp;ep 

MHillCHH . .U:arree 6biJIO ycTaHOBJlCHO [13], "'TO BCJII:I"'-II:Ilia I:IHBapMaHTHbiX CC"'CHHil 

He- :JaBHCIIT OT THITa :KYMYJIHTIIBHO:ii ~-racTI:Ill,bl 1 ecm-r CC"'-It'HIUI npep;CTaBJICHbl B 3a

B1-ICI-IMOCTll oT KyMyna:THBHoH nepeMeHHoll Xr., n KYMYJIJITI:IBHble -qacTHIJ;bl II11CIOT 

"Ba.J!CHTHoe" rrpOIICXOlK)l,CHHC (T.e. HMCIOT B CBOCM COCTaBC BaJieHTHhiC KBapKH 

HyKJIOHQB .ap;pa). 

8Tn ¢iiKThi roBopKT B rroJib3Y Toro, "<ITO B KYMYJIJITHBHbiX rrpo:u;eccax Mhl 

BCTpe-qaeMC.fi C IIpOHBJICHI:ICM :IOKaJibHhiX CBO:il:CTB ap;pOHHOiJ: MaTepHI:I B Rp;pax 

[14], T.e. C HCt3aBHCHMOCThiO OT npoTmKeHHOCTU jJ).J;CpHoli cpq:J;hl, KOrp;a ee rrJmT

HOCTh nocTO.HHHa ("'TO crrpaBep;mmo ;o;rr.H BHYTPCHHcro o6'beMa .n;o;ep c Z2:6). 
Ecm-r KYMYJI.HTHBHbr:H a<P¢exT - pe3yJibTaT B:Jai-IMop;eHcTBH.H c MHoroKBapKo-
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BbiMH KOH<fmrypau_HHMM B .H;IJ;paX, TO CYIIJ;CCTBCHHO:il xapaKTCpHCTHKOii Taxoro 

npou:ecca, KaK ll npn B3aHMOrt;ei:l:CTBIIli ;)JICMCHTapHhiX «-JaCTIW., )J;OmKHa fihiTh 

MaCllJTafiHa."q HHBapUaH'l'HOCTb1 KOTOprui IIpO.H~llHCTCH B He:3aBE:CHMOCTM HHBa

pHaHTHbiX CC"<!CHHfl OT ;)HeprHM CTOJIKHOBCHIUI. ,II;onycKaH B COOTBCTCTBMM C "xo

llO)J;Hbi1IM" MO)J;Cll.HMH 1 "9:TO MJllbTHKBapKOBM KOH<PnrypaU:H.fi - BHpTyaJihHOC o6-

pa3f!BaHMC B XOJIO;r:J;HOii JI)J;epnoil MaTepHH, M02KHO IIOTibiTaTbCJ:I BOCCTaHOBIITb 

UMIIYJihCHhlif CIICKTp KOHCTHTJCHTOB ~nOI'O 06'beKTa IIJTCM perMCTpaU:HM CIICK

TaTOpHbiX 'iaCTHD;-TipO)J;JKTOB ero <PparMCHTaiJ;HH 1 T.C. BOCCTaHOBHTh KBapK

napTOHHY,IO CTPYKTYPHYIO <PYHKU:H~ .s:;o.pa npn Xc ~1 [15]. 

,UBa o6cToHTCJibCTBa rrpn 3TOM ;a;orDKHhl 6h!Th Y"iTCHhi. Bo-rrepBhiX1 OIIhiT 

cncp;yer rrpoBO)J;HTb rrpn ;n;ocTaTo"!HO BhiCOKHX 3HeprHHX ny"<~Ka Eo c TeM, 

"'ITOfihi b6eCIIC"'IHTh JCllOBHe npH6JHI2KCHHJI K aC:ID.UITOTWICCKOil CB060p;e 1 T.e. 

o6ccne'<!HTh MUHHMallbHoe HCKa2KCHHe llMTIYllbCHhiX pacnpep;eneHlifl KBapKOB

CIIeKTaTopoB. Bo-BTOphlX, B3aHMO;t:J;eiicTBHC B KOHC"'IHOM COCTO.HHHH (BKC) rrpo

]];JKTOB a;n;ponn:nanun KBapKOB, K)'}.lYllRTHBHhiX -qacTn:u; p;omKHo 6h!Th Y"<~Teno. 

Harun H3MepeHHJI BhlXOp;a KYMJll.KTHBHhlX MOOOHOB fihlJIH C;JJ;CllaHbi IIpH ~HepriDIX 

npoTOHHoro rry"!Ka CBbiiiie 15 r3B 1 H, TaKHM o6panoM, nepBOe ycnosHe BhiiiOll

HeHO: b;~; ~30, "9:TO cyiiJ;eCTBCHHO Bhlllle nopora Kon<Pail:MCHTa ITO bi~;-KpH'l;'epmo. 

Ou;enKy HCKa:tKCHUH ~:;rreKTpOB KYMYJIHTHBHhiX MenoHOB na c-qeT BKC Mhl IIOIIhl

TaJIHCh c;n;e.rraTb 1 MCIIOJibtlJ.H MCTO)J;HKJ paC"iCTa BHyTplUI;D;CpHorb Kacxap;a. 

2. OCOBEHHOCTH IIOCTAHOBKH 3KCIIEPHMEHTA 
HA BHYTPEHHEM IIY'IKE YCKOPHTEJlH Y-70 

Mccnep;oBanMe po:tKp;enmr KYMYJIHTHBHhiX a;u;ponos B ·peaKitiDI 

p+A=h+X (1) 

B o6JiaCTH aneprn:i1: cepnyXOBCKOrO IIpOTOHHOrO CMHXpO'Tpoaa (Y-70) BhiiiOJIH.SI-

110Ch C HCIIOJlh30BaHHCM MeTOf];a TOHKHX MHUICHeli Ha BHJTpeHHCM TIJ"'KC JCKOpH

TCJI.H [16]. BToT MeTO)J; 1 o6ecne"!HBaiOIIJ;HH MHOroKpaTHYIO u;npxyruru;n:ro ~Ka 

"'epe3 MHlliCHb B npon;ecce JCKopCHHHj p;aeT BOOM02KHOCTb IIpH HOMHHaJibHOM 

aaeprun ycxopnTemr Em rrposop;HTb HtlMepeHHH B HHTepsarre OT (O.l-0.2)Em p;o 

Em. B Ka"!ecise MHWeaeH ncnoJib30BaJIHCh HHTM p;n:aMeTpoM 10-100 MKM, rro

rrpaBKH Ha HCKa)[{eHUe 3HeprCTH"'CCKHX CIICKTpOB BTOpH"'HhiX "'aCTHD; B MHilleHH 

fihiJIII IIpH aTOM O"'eHb He3Ha~IHTCJibHhl. 
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llnMepeHnc HHKJII03IIBHoro nnrxo;u;a KYMYJI.liTHBHhiX a;u;poHoB rro;o; yrrroM 159° 
K HaiipaBJICHHIO IIepBH'q}iOrO ITy"'KR ocyi.IJ;eCTBJIHJIOCb C IIOMOI.IJ;biO O)J,HOIIJIC~ICBOrO 

MarHHTHoro crreKTpoMeTpa CKA [17]. llMnyrr&cHhle cneKTpbi a;r:r;poHoB paarrn"'

Horo THIIa H3MCpHJIHCb Ha OCHOBC aHaJIH3a ,D;ByMepHbiX pacnpe;t:r;eJICHii:fi "!aCTIUl. 

ITO HMnyJI&Cy H BpCMCHH IIpOJICTa. llpeo6rra;o;aiOI.IJ;eii KOMIIOHCHTOii- B IIOTOKC IIO

JIO)KHTCJihHbiX "!aCTHq B na;u;aeif IIOJIYC<f>epe HBJIHIOTCH IIpOTOHbl H )J,Cii-TOHbl. Jl:na 

HX IIO;IJ;aBJICHHH rrpn Ha6ope CTaTHCTHKH HR MC30HRX 6hiJI HCilOJib30BRH lliHpOKO

anepTypHhlii- "'9:CpCHKOBCKHii- C"'CT"'HK C BO;t:I;HHhlM pa;JJ;HRTOpOM [18]. 

B Ka"!CCTBC MaTepnarra MHlliCHCif: IIpHMCHCHbl CCTCCTBCHHhiC CMCCH JJOOTOIIOB 

Be, C, Al, Ti, Mo n W. 06I.IJ;rui cTaTHCTHKa ;o;rrH Ka)K;u;oro THIIa MHlliCHH cocTa~ 
BJIH:Jia "'106 

IIOJIC3HhiX C06biTnif. ffa6op )l;aHHhlX ;o;mi lliCCTII THIIOB H;IJ;Cp 6bl!! 

IIOJIY"'CH B HCCKOJlbK.UX CCaHCaX pafiOTbi ycxopHTCJIH. ,il;rrH CHH)KCHllil CHCTCMa~ 
TH"!CCKHX norpCIIIHOCTCif B OTHOCIITC1IbHOM IIOBC;IJ;CHHH CC'l:CHHif B 3RBHCHMOCTH 

OT MRCCOBOro '<IHCJia A B Ka)K;D;OM CCaHCC 6biJI C;IJ;CJia.H KOHTpOJibHhlif Ha60p aa 

BOJibQlpaMOBOif MlllliCHH. 

ll3~-aa oco6eHHOCTEiH peJKHMa ycxopeHHH B OT,[l;CJibHbiX ceaacax HH.iKHHH, Em in, 

H nepXHHH, Emax' rpa.HHJJ;bl HHTCpBaJia ~HcprHii- ;u;mr pannu•IHhlX MHllieaeH Bapbii~ 
poBa1IHCb OT 15 )1;0 18 II OT 61 ,IJ;O 65 r~B COOTBCTCTBCHHO. llocKOJibKy HHTCpBaJI 

OT Emin ;u;o Emax rrpoxo;o;I:IJIC51 B Ka)K)l;OM ll.HKJIC ycxopeHnH, TO rro;n;aBJUIJIHCh TC 

CHCTCMRTH'<ICCKH~ IIOrpelliHOCTH B E~3aBHCI:IMOCTH CC'<ICHHif, KOTOpbie 6b1JIH CB.sr~ 
naHhi c npeMeaaoii- HCcTa6nrrhHOCThiO anrrapaTyphi II pe2KHMa ycxopeHIIH. Borrec 

rro;u;po6Ho MCTO)J,HKa H3MepeHIIM Ha crreKTpOMeTpc CKA orr~:~caaa B [17, 19]. 

3. 0 BhiBOPE TIEPEMEHHhlX ,O:JI.H TIPE,O:CTABJIEHH.H 
8KCTIEPHMEHTAJihHhlX ,O:AHHhlX 

TIO KYMYJI.HTHBHOMY PO)K,O:EHHIO A,O:POHOB 

J:l-aMepeHHble CIICKTpbi KYMYJUITHBHhiX "'RCTHll. XOpOIIIO arrrrpoKCHMHPYIOTCJI 

~KcrroHeH:u;nanbHOH naBHCHMOCThiO exp( ~ T /T 0 ) oT HX KIIHCTH"<IecxoH ~HeprHn T. 
IIpn ~TOM "TeMnepaTypa" cnexTpoB To, xapaKTep:nnyroi.IJ;ax: HX aaxnoH, cna6o 

3aBHCHT OT BHeprHH IICpBU'IHOro IIY'<~Ka II TI:IIIR "'RCTH:Il_.bi~CHap.ap;a (" .sr;r:t;epHbi:ii 

cxeHnHHr"). O;a;aaxo no;a;o6aoe cxeihmHronoe none;a;em1e M02KHO o6cyJK;a;aTb JIHlllh 

rrpH TO"!HOCTHX H3MepeHHH HaxnoHoB cnexTpoB Ha yponae 10%. Bonee To'J~ 
Hhle IIDMepCHHH IIOKa3biBRIOT, '<ITO npH6JIH2KeHHC K 9HepreTI:I"'CCKOMY cxe:iiJIHHry 
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HOCHT aCUMTITOTU'9:CCKJ.Iit xapaKTep, H Ha ypOBHC TO'<IHOCTei:i: '"'-'1-2% CKeii:JTHHr 

HaCTyiiaeT npH :.meprH.HX ~10 roB. 

Harru:r;o;Holl KIIHCMaTn"'!eCKOI'I nepeMeHHoH KYMYJIHTHBHoro rrpou;ecca .HBJI.H

eTCH BClUI'<IllHa MllHHMaJibHOi'r MaCChi Xc, HC06XO;t:J;UMOiJ )J;JI.H pmK;r:t;CHH.H 6nrcTpm:{ 

~mcTM~ oa NN-rrpe;o;enoM. IIepeMCHHa.H Xc, Bhipa2KCHHaa B e;o;nHHQax MaCChi 

HyKrroHa, xapaKTeprmyeT hopR:,f!;Oh. hYMYJIHTIIBHOCTII ("KyMyrrn:THBHoe '9:HCJm"). 

Peu;cnT BbPUICJICHH.H Xc c y~lCTOM oaKOHa coxpaHCHH.H rnrrep3ap.s;o;a ;o;aH B [15]. B 
CJITiaC po2K;r:t;CHIDJ E:JMJJIHTHBHbiX IIHOHOB 

(2) 

E ~I! 
rn;e a = ~ - rrepcMcHHa.H cBeToaoro Cf>poHTa. IIepeMCHHa.H Xc nmpoKo ncnonb-m,v. 

twaarracb p;rr.a rrpe,[I,CTaarremur cueKTpOB KYMYJUlTIIBHbiX a;o;poHoB, rrpn aToM 6hina 

ycTaHOBrreHa rrpHMe~m.TeJibHaii oco6cHHOCTb Xc-npe;o;cTaBJICHirn: coana;o;eHue HH

aapnaHTHb!X ce"'!eHHH p;Jm a;o;poHoB pa::mii'<!Horo THIIa (p, 1r, K), co;o;ep)Kar.u.n:x aa

rreHTHbiC KBapKH H;o;pa. Eeopa3MepH<:lJI nepeMeHHaJJ Xc He o6ecrre-nmaeT, op;Haxo, 

yHHBCpCa...'IbHOCTH OIIHCaHHH liO A, B OIIpep;eJICHlni (2) HC H~XO,D;HT 0Tpa2KCHIDI KH

HCMaTH"'eCKaJI rpa.Hn:u;a Xc $A. ChaT Hep;ocTaTOK ITbiTa.JIUCb ycTpaHIITb aBTOphl 

pa6oThl[20], rrpe.u;rro:>KUBlliiie p;mr orrncaHIIH HHKJII03IIBHoii peaK:u;HII A+ b ~ c +X 
nepeMCHHYIO w, Bhi'<IIICIUieMyro B -cncTeMe n:;o;pa-cHap.Hp;a A KaK OTHOlllCHne KM

HCTli'<ICCKoH aaeprnn KYMYJUITHBHoll "'aCTUI.J;bi T c K HOpMMpOBaJIHoll Ha HYKJIOH 

KMHCTH"'ecKoH aaeprHH KOMITaya,u;-cucTeMhl A +- b: 

(3) 

¢H3H"ICCKM llHTeprrpeTai.J;IDI IICpeMCHHOiJ W MCHCC aarJI.H)J;Ha1 "'CM rrepeMCHHOii: 

Xc, OJ];Ha.KO llCIIOJib30BaHHe W p;eiJCTBliTCJibHO yny~nnaCT JHUBepcarihHOCTb rrpe~

cTaBJICHHH liHBap:mtaTHhrx CIICKTpoa ;!l;JIH pa3JIWIHhiX .Hp;ep. Ilpii E>>mN H A>>1 
rrepCMCHHhiC Xc H W COBna;o;aiOT C rrepCMCHHOll CBCTOBOrO Cf>poSTa 0". 

B pa6oTe [21J 6h!JIO paccMoTpeao er11,e op;Ho npep;cTaBrreHne ;o;aHHhiX p;nn: 

M8..ClllTa6HO-HHBapHaHTHoro orrncaHIHI peaKIJ;UH (1). B Ka'9:CCTBe HHBapnaH-

' THoll rrepeMCHHoii: rrpC):J;IIaraeTC.H ncnoJib30BaTb M~HHMa.JibHYlO oneprniO, S!in.' 
;o;ayx :s:JanMo;o;eiicTBYIOill.HX KOHCTHTYCHTOB i H j '<JaCTHD; A n b, npH KOTO

poH B perum;mr (1) o6ecrre~mBaeTC.H coxpaueHHe perrHTHBIICTCKoro uaaapnaHTa l s:nin = XiPA + XjPb (Xi,j )J;OJHI KOHCTUTJCHTOB iII j B 4-HMiiYnbcax pAn Pb) 
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H coxpaHeHHC nirrepGap.sp;a. KaK 6yp;eT rroKanaJio HHJKe, 113 paccMOTpeHHhiX rre-
1 

peMCHHhiX rrepCMCHHM. S!in o6ecne"'HBaeT Han60JihlliYIO CTCIICHb YHimepCa.."'Ib-

HOCTH rrpe)l;cTaBJieHMH HHBapHaHTHhiX ce"<Iem·di: KYMYJHITHBHhiX rrpou;eccoe B nnr

poKoM HHTepeaJie aaeprn:ii n Mace $parMeHTnpyiOru;nx H)l;ep. 

4. 3KCIIEPHMEHTAJibHbiE PE3YJibTATbl 

4.1.0co6eHHOCTH cneKTpoa ITHOHOB B peaKlJ;HH p +A-----t 7r(159°) +X 

CrreKTpbi 7r+- H 1r- -MeGOHOB rro;u; yrnoM 159° 6biiTH nccne;u;oeaHhl HaMII B na

BliCHMOCTH OT HMllYJihCa IlliOHOB OT 250 p;o 1000 MaBjc n 110 ~meprHH rrepBH'<J

HhiX rrpOTOHOB OT Eo=15 raB ;u;o Eo=65 raB. IlpH aaarnmc HMIIYJibCHoll H E-
3aBHCHMOCTeH 6hiJI li:CIIOJih30BaH lllar rro HMIIYJihCY dq=50 MaBjc n no :meprrm 
rrpOTOHHOro ny"<JKa- war dE=5-7 raB (7 E-HHTepeanoe). IIoJIHhiC Ta6mUJ;hl ;o;H<fl

<JlepeHU:~aJibHbiX CC'<JCHn:if orry6JIHKOBaHbl B [ 22]. ,I(JI.s HJIJIK>CTpa[J;IIH: IIOBe,u;CHH.S 

HHBapHa.HTHbiX CC'<JCHIIii CTinv = ~:~ B GaBHCHMOCTH OT KIIHCTH"iCCKo:il: aHeprHII 

IIHOHOB (T) Ha pHc.l_ rrpC;IJ;CTaBJICHbi CIICKTpbi ITIIOHOB ;IJ;JI.S 6 .H;IJ;CpHhiX MIIlliCHC:ii H 

Eo=40±20 PaB, norry"leHHhiC B penynhTaTe ycpe)l;HCHII.S no aaeprHn rrepBH"!HhiX 

IIpOTOHOB. 

E-naBHCIIMOCTh BbiXO;o;a rrnoaoe rro;o; yrnoM 159° 6hlna rro;o;po6ao paccMoTpeaa 

HaM!! aa npnMepe peaKI(llH p +12 C ------+ 1r +X [19]. Ce"<JeHMH Bblxo;o;a ?,.+- n 1!"-

MC30HOB B )l;aHHO:ii peaK[J;lill o6aapy)fUIBaJOT crra6blii rrorat:;'li<flMWICCKufi poeT C 

YBCJIH":ICHliCM aHeprHII rrpOTOHOB OT 17 ;o;o 62 raB, BonpacTaJI B naBHCHMOC.TH 
OT liMIIYITbca IIIIOHOB Ha 10-30% . Terrepb Mhi HMCCM B03MO.JKHOCTb cpaBHHTb 

pa.'JJIII"<J:He a:HepreTH"'CCKoro rroBep;eHIDI ce"<J:CHnii: B peaKU:HH p + A --+ 1r + X ;o;rrH 

rrerxnx n T.HJKeJibiX Hp;ep. Ha pnc.2 npep;cTaBJICHhi HOpMnpoB.aHHhle aa HYKJIOH 

HHBapHaHTHhiC CC"'CHH.H B 3aBllCHMOCTII OT :JHeprHH IIpOTOHHOrO IIJ"IKa H KJ
MJJI.HTHBHO:ii nepeMCHHoii: Xc ;ri;JIH Kpall:HHX 3Ha'9:CHHil Eo (18 H 58 raB) II A(9 H 

184). Bn;o;ao, "<ITO pannH'<Ine no A npeo6rra;o;aeT aa;o; E-rmencHMOCTbiO B ;o;aa

HOM IIHTCpBarre aHeprnii:. B Xc-3aBliCHMOCTli MoryT 6biTb OTMC'<feHbi TC )f(C OC0-

6eHHOCTH, K<?TOpbie aa6JIIO)J;aJIHCb rrpH aHaJili3C ;rJ;aHHbiX1 IIOJIJ'<fCHHbiX Ha .S)l;pe 

yrncpo;o;a: B JIOrapn<f>MH'<JCCKO:ii lliKaJie B CITCKTpax MOrJT fihiTb Bbi;rJ;CJICHbl p;Ba JIH

HC:iiHbiX y'<~aCTKa: BhilliC n HHJKC Xc=l (q,.,- ~450 MaB/c). TeMrrepaTyphl Tt,2 1 xa

paKTepHnyiOru;ne HaKJIOH CIICKTpOB aa <JTHX y'<IaCTKaX1 CJIU;CCTBCHHO pa3JIH"iHhi. 
B npcp;eJiaX Ka1Kp;oro H3 HHX CTICKTpbi yp;oBJICTBopHTCJibHO (no ,.\: 2-KpHTepHID) 
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anrrpoKCHMIIPYIOTC.H aKcnoHeHToH exp(-T /T1,2). 3asHcUMOCTb TeMneparyp T 1 

H T 2 OT 8H:epl'HH IICpBH'IHbiX 'rrpoTOHOB (pnc.3) B HarneM HHTCpBa.Jie 8HeprH:i:i B 

rrpe;u;enax oum6oK II3McpeHH.H (dT1=3-5%, dTz=l-2%) OTCYTCTsyeT. B TO )KC 

BpeM.H 3aBHCHMOCTb or A o"-!eHh 3Ha'UITCJibHa: ;n;n.H H,o;ep Be n_ W pa:JJIH'<!He B 

)KCCTKm'::J: (KYMYJiliTHBHO:ii) ~IaCTII CIICKTpa COCTaBmiCT 20%, )l;JI.H MHI'KOii "'UCTH 

cneKrpa (xc Sl)- .u;ocrnracT 40% (pll:c.4). TauiM o6pa3oM, cBoHcrso H,o;epHoro 

CKdi:mmra, KacaiOW,:CCCSI TIOCTOliHCTBa TCMIIeparyphl KYMYJIHTHBHhlX CIICKTpoB, 

crrpase;o;mmo B crry~me nnoHOB n:nrnh JJ;JIH MaccoBhlX "-!ncen A'2_27. 

Ilpn paCCMOTpCHIIH 8HCpi'CTH"IeCKOi't 3aBHCHMOCTII CC"'CHHii IIHOH006pa:Jo

BaHHH noD; yrnoM 159° Ha6mop;acrcJt, -KaK OTMe'9:a.'10Ch B [19], rr.aoxoe' cornacue 

,IJ;<JHHbiX npH 3HepriDIX ,IJ,O 65 r3B II rrpi(;:mepnm ycKopHTCJISI <f>HAJI 400 raB 

[23]. 8ro HCCOOTBCTCTBHC IIpOCMUTJHIBUCTC.H KaK Ha JICI'KHX, TaK H Ha THlKCJibiX 

n:p;pa.x. Ha puc.5 rroKanaH tJHcpreTH'iecKHii xop; cC9:eHnii rrpH pa:JmPIHhlX HMIIYJib.

cax IIHOHOB )J;JI_fl HaH60JICC JICI'KOI'O II Han:6onee THlKCJIOI'O H)l;Cp H3 HUllUIX ;t\aHHhlX 

li p;aHHhlX [23]. PoeT O"inv B liHTepsane 8HCprnii 10-65 raB HC rrpeBbiWaCT 40% 

B Han6orree )KCCTKoii •mcrH cneKrpa ( q=S00-900 MaB /c) n He nporimopc"9:UT 

rrpe;o;nonmKeHHIO o mmcliHOM pocre B norapmf>MwiecKoli IUKa.Jie (a- '""""J LgE). 

06ocHoBaHHOCTh norapmf>Mli'ICCKOii ~KCTpanomHlUH K Eo=400 r~B xopomo 

ITO)ITBep)K;o;aeTc.H B MHrKoli -qacTn cneKTpa (q<500 MaB/c). ,[(nH q>500 M~B/c 
OTKJIOliCHHC or ~roll 8KcrpanoJIHI.J;HH HapacTa.er, H npn q2:800 M~B / c ,IJ;aHHbiC ,D;JIH 

Eo _S65 raB II Eo=400 r~B rpy,n;Ho cornacoBaTb (rrpii JII06blx A) p;a)Ke B rrpe.n;

IIOJIO)KCHIIH o KBap;paTH'iHOM no LgE pocTe CC'ICHHii. Ecmi nop;o6HM cKopocTb 

pacTa CC'<!CH-Hii IIO/);TBCp;IJ;HTC.H rrpH 60JICC BhiCOKHX ~HCJ?I'IIHXl TO 3KCIICpllMCHT 

M02KCT BCTyiiHTb B nponiBOpC'<!IIC C OI'paHH"9:CHIICM Ha pocr HHKJI103HBHhlX CC

'<!CHHii (24], KOTOpoe cnep;yeT II;) cf>pyaccapOBCKOI'O IIpC)1;cJia Ha CKOpOCTb pOCTa_O" 

-rrp1:1 E --~oM (~To M02KCT rrpo.HBHTbCH 1 op;Ha.Ko, TOJihKo npn aueprHx Eo >>1 TaB, 

ITOCKOJihKY napu;naJibHhiii BKJiap; KYMYJIHTHBHhiX IIpOI.J;CCCOB B IIOJIHOC Ce"'CHHC rrpn 

p;ocryrrHhiX 8HCpi'HHX O"'CHb Ma.rr). 06pal.l.\MCh K A-:JaBHCHMOCTH ce'<!eHnii KYMY

JIHTHBHhlX IIIIOHOB 1 OTMCTIIM 1 '<!TO ynmeHHaH A-3aBHCHMOCTb 06'bCMHOI'O TIIIIa 

IIpH Xc ';?_ 1 6biJia ycTaHOBJICHa Ha OCHOBC )1;aHHhlX 1 IIOJIY"<ICHHbiX Ha CHHXpocf>ano

TpOHe QlfJI!i [15): 

CTinv '""""JAm, m= 

m=l 

2 x, -+-
3 3 

9 

npn X ~ } ( 4) 

npu x>l 



Cha 3aKoHOMepaocTh orrn:panacb aa AaHahie, rrorry~cHHhiC rrpu Xc _:; 1.3. Pe-
3JJihTaThi aanmx IIDMepemrH, rrony"tteHHhle rrpn 6 3Ha'<!eHHHX A, IIO:JBOJIHIOT p;e

TaJihHO ·rrpocrrep;nTh A-noscp;eHlfC ce"9:CHHii:: s tlaBHCHMOCTH OT Xc s UHTepsaJie 

3Ha"9:eanH 0.6:S Xc :::;:2.0. Ilpn paccMoTpeann A-3aBHCHMOCTU Mbl ncnorrh:Josa.."In 

3Ha"9:eHIUI CC''iCHHH, ycpep;HCHHhiC ITO HHTCpB<UIJ 25-65 raB p;mi JMCHhUICHHH CTa

THCTU"9:€CKO:ii norpelliHOCTH B o6nacTn MaKCHMaJil>HhiX 3Ha"9:earr:ii Xc. Ha pnc.6 

npe;c;cTaBJiemi OTHornerme RA ,rs;JIH aopMnpoBaHHhiX na HYKJIOH nasapnaHTHhiX 

ce"9:eanH PA = ~ ::S Ha H,n;pax Be, C, AI, Tin Mo K ce~remuo Ha BOJib<f>pm .. fe rrpu 

7 3Ha."iCHHJIX rrepeMCHHoif X c. 

Own6Kn dRA ( ,..._,10%) o6ycnoEJICHhl B ocaonaoM norpenmocThiO s a6coJIIDT

aoH HOpMHpOBKC MOHHTOpOB i);JIJI panm.PIHhlX Jl)J;ep ( CTRTHCTH":ICCKaJI OUJH6Ka IIpM 

Xc=l.8 ae rrpeBh!lUaJia 4%). PaccMoTpeane rrosep;em:UI RA(xc) rroKanh!BaeT HBHO 

Bhlpa2KCHHyiO 3aBHCllMOCTh RA OT XCl a HMCHHO: C pOCTOM Xc Ha6JIIO,rs;aeTC.H 

yMeHbiiiCHne RA· .I(rrH n:erKnx JI)J;ep RA JMCHhlllaCTC..H 6orree 'l:CM n,rs;soe rrpH B03-

pacTaann: Xc OT 1.1 ;o;o 1.9. ITo,rs;o6abiH xapRKTcp A-nasncHMoCTH p;rr..s: rrnoaos 

aa6rrrop;anc.a: H B axcrrepHMCHTC [25], BhiiiOJIHCHHOM npn Eo=lO raB n !9=119°. 

T~IIM: o6pa.'JoM, rrpn pannn"9:HhiX yrnax BhiXo;u;a IIHOHOB axcrrepnMeHThl .o;c

MOHCTpHpyiOT B03paCTa.H:H€ CTCIICHH A-3aBMCllMOCTH C YBClllPICHHCM Xc, T.C. 

napaMeTp m B CTCllCHHOM orrn:caaHH A-3aBMCHMOCTH ce'tfeanH .HBJIHCTC..H Xc-

3asn:cn:MhiM - O"inv ,.,_, Am . .IJ;nH cpe~HHX H TH:JKCllbiX H,rs;ep rrpneMJieMa llHHeiman 

annpoKCHMaiUUf m = a + bxc . .IJ;m1 A2:27 n 0.6.:::;: Xc ::;2.0 HaMn norry~cHa [26] 
' arrrrpoKCHMarzy~.H sn,rs;a m = 0. 75 + 0.2Ixc nprr 7fisp. -:::=. 1. 

JlnaeHHbiH poeT noxanaTeJIJI CTerreHH B A-3aBHCHMOCTll npe,rs;cxa3biBaeTcJI 

"ropH"<IHMH" <f>rryKTYOHHbiMH MO)J;CllJIMH [10], IlpC;IJ;llOJiaraiOIIJ;HMH, "'TO B peayJib

TaTe C)KaTH.H H)'KJIOHOB B KOrepCHTHOif Tpy6KC B/];OJib TpaCKTOpHH 'l:RCTMil;bi

CHap.s:p;a <f>opMHpyeTCH HYKllOHHblif: KJiacrcp, KOTOphl:ii H .HBllJICTCJI HCTO~IHMKOM 
ap;poaos, ncrrycKaeMhlX aana;c;. Ha6niO;c;aeMyiO A-3aBHCMMOCTh M02KHO o6'l:.JICHHTh 

n: B paMKax "xorrop;HbiX" MOp;eneH, gorrycxa.IOIIJ;HX <f>opMHponaan:e <f>nyxTyoaos B 

HCB03MYIIJ;CHHO:ii JI)J;CpHoil cpe;c;e. ABTOphl MJ!IhTHKBapxosoif MO)J;CllH (5J IIOJIY'9:H1IH 

Y)l;OBJICTBOpHTCIThHOC OIIHCaHHC CllCKTpOB IIHOHOB B peaKil;HH p+
12C-+ 1r+X, HC

IIO!Ih3JH )J;Ba CBo6op:HbiX napaMeTpa, O;rJ;HH H3 HHX J"'HThlBaJI OTllH~me HMIIY!Ib

CHOrO pacrrpe;rJ;C.liCHllil IIapTOHOB OT aCHMIITOTH'l:CCKOro, BTopoll r c( ...... Q. 75 <f>M) 
xapaKTCpH30BaJI KOppe!I.HUHOHHhlif 06'l:.CM. IJorrap;a.HHC B IIOCJIC,IJ;HHif HCCKOJibKllX 
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HYI010HOB ap;pa npHBO)J;HT K o6panoBaHnro MYJihTHKBapxoBoll KoHcfHrrypar~H!1, rrpu 

pMpyrneHIU1 KOTopoll reHepnpyroTC_fl KYM.YJlfiTHBHbiC a)l;pOHhi. B paMKax no,uo6-

Horo p;ByxnapaMcTpVPICCKoro rro;o;xw~a yJJ;oBrreTBOpineJibHo orrncaTb ;a;aHHbie ;r:J;JIH 

ruupoKoro IIHTepBana 3Ha"<IemrH A_ He y):la.eTc.a. 

B [26] HaMH c,IJ;€JJ.aHa JIOIIbiTKa OIUICaTb IIOJiy~ICHHhlif Hafiop IIIIOHHb:iX CITeK

TpOB ,D;JUI 9:S A :S184 II 0.6::; Xc :;2.0, HCIIOJib3Y.ff B Ka"'CCTBC OCHOBbi p;aHHYIO 

MOP:,CJib C )J;B)'MH )J;OIIOJIHI-YTeJibHbiMH rrapaMeTpaMII 1 ;:mBIIC.HUJ;ID.1II OT H'Mnyrrbca 

IIHOHOB. Ta.KHMH rrapaMeTpaMH J!BIT.HIOTc.n ,u;mma ¢op:r..mpoBaHIUI l 1( q) II Ton

UI.HHa naccnBHoro noncpxnocTHoro cno.H rc(q), B KOTopoM WopMrrpoBaHne ¢nyK

TYOHOB MaJIOBCpOJITHO H3-3a CHII:;KCHIIff .H;r:J;€pHO:ii ITJIOTHOCTII B ITOBepXHOCTHOM 

J:i;n¢¢y3HOM cJioe .n;o;pa. IIorry"'eHHble pac"!eTHbie 3I-Ia"'CHIHI ;o;nn OTHOIIIeHHJI RA 

cc-qe·mrii PA=~ rroKanaHbi Ha piic.6. 8cp<f_leKTIIBHaJI !1 oKa3arracb cna6o pac

T,Ylile:H C IIMIIYJihCOM IIHOHOB q, BC.ITir<UIHa ee npii 0.3::_; q :::;0.9 raBjc JI€2KIIT B 

rrpe;o;en:ax 2-3 ¢M. IIaccliBHbill crroll rc yBerrn"'nBaeTc.H c 0.5 ;o;o 1 <PM c B03pacTa

HIICM Xc OT 1 /],0 2. 

TaKnM o6panoM, Ha6nrop;aeMyro HMrryrrbcHyro n A-3aBIICHMOCTH cneKTpoB xy

MJII.HTHBHblX ITHOHoB M02KHO ornrcaTh Ha ocHoBe WrryxTyormoll MO;r:J;CJIH, ecnrr rrpii-

HHTb1 '<ITO: 

1) BepO.HTHOCTh o6pa30BaHHll MJrthTIIKBapxonoro KJiaCTepa orrpe;o;emieTC.ll CTa

TIICTH'9:CCKOiJ BCpOHTHOCTbiD ITOITap.:ami.H BHJTpH.HiJ;CpHbiX HYKJIOHOB B MaJihl:ii KOp

pCJUIIJ;IIOHHbi:ii o6'beM paJJ;IIyca rc, 6mmxoro K pa.;o;nycy HYKJIOHHoro Kopa; 

2) 3aBHCHMOCTb BCpOHTHOCTII o6pa:JOBaHIUI MYJibTIIKBapKOBbiX KJiaCTCpOB OT 

ITJIOTHOCTl:I .ap;epHoro BCIIJ;€CTBa II MaCChi KJiaCTepa HaXO)J;IIT CBOC 0Tpa2KCHHC B 

YMCHbUJ€HIIH pa;r:J;IIyca rc "¢rryKTJOHHO-aKTHBHOif
11 

30Hbl .Hil;pa C pOCTOM Xci 

3) TICT BTOpii"'HbiX B3aHMO;r:J;eil:CTBIIif HC06XO)J;HM, T.K. ;r:J;JIMHa {popMHpOBaHJ-iH )J;JIJI 

IIJ10HOB c HMITYJibCOM q < 1 raB I c B cny~rae cpe,n;HIIX II TJDKeJib!X .a;a.ep MCHbllie 

panMepoB .n;o;pa. 

0 (w+ w K+) 
THOlliCHH€ BbiXO)l;a ~IaCTl-H~ pa3Horo THIIa w-' J<• K- - O;r:J;HO II3 H3U6orree 

IIOIIymrpHbiX rrpep;cKa3aHHii: KBapKOBbiX MO;r:J;eJiei'I, CBJI3aRHOC c KBa.pKOBOii: KOM

rro;:mu;He:ii B3anMo;o;eiicTBYJOIJJ;HX o61:.eKTOB. liGMepeHIIe c Bhlcoxm':l: To'9:HOCThiO 

oTHOIIIeHHJI R( ~ f +) BhlXop;oB 1r-- K rr+ -MenoHaM MO)KWC rrpoJI(:HIITh co~THome

Hne d H U KBapKOB BO ¢nyKTYOHax H pa3JIII'9:H€ IIX IIMilYJihCHbiX pacrrpCf];eJJeHirif 

( "!epen IIMnynhcHyiD naBHCHMOCTh R). Ilorry"!eHHhle Hill>UI nasuciiMOCTH R(- I+) 
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• • 
X 0.72 0.93 1.14 1.36 1.58 1.80 2.01 

• o.ou 0.90 1.10 1.30 1.51 1.71 1.92 
q 325 4?5 525 625 725 825 925 

rr (M>B/c) 

Prrc.6. 0THOIIICH:ITC HOpMHpOBaH-

HbiX HHBapiiaHTHbiX cc'-Iem·rH RA=-:;. 
KpiiBhie - pac"::CTHhlC 3Ha'-ICRJ·IJI RA p;mr 

q11"=325, 525, 725, 925 MeB/c, nony"IeH
-HbiC m:. oCHoBC ~o;o;emi [5] C BBe;J;Cim:eM 

rrapaMeTpOB ;r:J;ITHHbl ¢opMHpOBaHIUI f j H 

naCCHBHOI'O CJIO.fl IS 

Pnc.8. 8Hepi'CTII'9:CCKaJI 3aBHeH-

MOCTb IIapaMCTpOB HaKJIOHa Xoi ITpH 

8KCIIOHCHIJ;HaJibHOil: anrrpoKCHMatJ;IDI CC

'!CHHiJ: O"inv=Cexp( -;::;-) C IIepeMCHHbiMH 

' 
X;=CV, W, Xc 1 s;,.in 

''L .. 1 f • _. ___ • .!____...___.___..--.-- -·-W 
0.8. • ••• 
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oT IIMnyrrbca nHotroB ;o;rrs 6 Hp;ep noKananbi :na pHc.7. 0TKJIOHCHIIC R(~/+) OT 

ep;HHIIqhl HC npeBbilllaeT 20%. Cyu~cCTBCHHaH IIMIIYJibCHaH 3aBncnMocTh MOIKCT 

6bJTb OTMC'-!CHa TOJibKO ~Jlff H~pa BOJlb<PpaMa. 

Bo3.Bpai.U;8JICb K Bonpocy o rrpep;cTaBneHHH cneKTpOB KYMyJIHTHBHhiX ap;poaoB 

' ITO 6c3pa:JMepHhlM IICpC!vfeHHhiM a, Xc 1 W II IIHBapHaHTHOii rrepeMCHHO:ff S1~in• Mhl 

MOJKC:-.1 Teneph Ha. OCHOBe paccMoTpeHHhiX HMnyrrhcrmll, E- H A-3aBHCHMOCTeH 

, " ... , '> COITOC'l'aBHTh IIX B Ka.'<!CCTBC KaHp;IIp;aTOB Ha pOJib CKCMJIHHrOBOli nepeMCHHOlL 

Ha pHc.8 npe)lcTaBncHbl oaBucnMoCTH OT En A napaMeTpoB ancnoHeHT x 0 ; rrpn 

OTIHCHHIIH UHB8-p1Ia.HTHbiX ce~ICHH{I B cpop:-.1C O"inu=Ccxp(-;::), rp;e X;=a, Xc, W, 

' S,~i ... 

MoJKHo 3aKniO~mTh, '-ITO porrb '' cKclhrnHroBo}P' rrepeMeHHoii rry'-Irne p;pyrnx 
l 

BhliTOJIHJICT S~<in - Ml'IHliMa.JibH8.fi 8IiCpHUI JCOHCTliT}"CHTOB-y~JaCTHHKOB KyMymiTH-

' BHoro B8aHMO~cii(·TDHH [21]: napaMCT'p S!in,o coxpaHHCT ITOCTOHHHOC 3Ha'!eHne 

BO BCCM npe,IJ,CTaBrreHHOM ;o;naiHl30He. 3Heprnlr. Ocra.nbHhle rrapaMCTphl x0 ,- BhlXO

i};JI'I' na rrocTO.flHHbJ:ii ypoBcHo rrpn E>20-30 fBB. YmmepcaJibHOCTb npe.<!,CTaB::re

HH.li B A-ruKarrc JIY'IlllC ,u;pyrHx o6ecne"<IJIBaeT nepeMeHHaH w [20], B KOTopoii 

KHHCMaTW:ICCKIIiJ: IIpC)J;CJI Xc ::;A rneH B J!BHOfl cf>opMe ( O;r:J;Ha!<O onpe;:t:CJ1CHHe W 

HC 5!BJJReTCJI CTpOrHM B KHHC:MaTH'-ICCKOM IVIfi.HC ). Hau6orree "'iCTKHii cf?n:::l:l1"'iCCKHi't 

CMbiCJI cpe)J,H JKB.8H.HHhlX IICpC.lvfeHHbiX HCCeT rrepeMCHHilli CBCTOBOI'O cflpOHTa a 1 

n, QqeBl1)J;HO, rrpii dHepnmx E>30 n~B rrpcp;II0'1TllTC;IbHO HCIIOJib30Ba.Tb ~ny ne

peMeHHyiO. 

4.2. 06pa3oBanue KYMYJJ.HTHBHbiX Kaouoa B peaKu;HH 

p+A-.K+X 

lby'-!cnne BhlXOi};a KYMYJlHTHBHhlx KaoHoB H aHTH6apnonoB rrpe;o;cra.BrrHeT 

OC06biil HHTepec, TIOCKOJibKY MCXaHII3M HX po:tK,IJ,CHHH CBJI3aH C oco6eHHOCTJIMH 

KBH.pKOBOrO MOpH B .li;:J;p<LX. HaH60JICC o~ICBI:I~Ha :JTa CB5I3b B cnr:Iae "MOpCKliX" 

KYM,JJIHTllBHbiX "'iaCTJIIJ;1 l(- H p- 1 HC COP,ep)J(<lllJ;HX B CBOCM COCTaBC B1UICHTHhiX 

KBapKOB .Hp;pa [27]. 

,il;aHHbie,rro Bbixo;o,y KYMYITllTHBHhiX KaoHoB rrop; yrrroM 159° H:J s~ep Be, C, AI, 
Ti, Mo n \\T 6blJIU norry'-ICHhi B :)KcnepnMCHTC Ha cneKTpOMeTpe CKA Ha ocHoBe 

aHaJIHOa ;:J;BYMCpHbiX pa.crrpcp;eJieHH:i[ "BpCM.li ITpOJICTa-HMIIJJU,c''. ,il;n:.H pa3p;CJIC

HIIJI K<tOHOB H TIIIOHOB rrpH HMTiyJlbCax BbH:UC rropora ~IcpCHKOBCKOrO J!3JIY"--CHHH 
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Prrc.9. HopMHpoBaHHhie Ha uyKrroH HHBapnaHTHhle ce"':leHIIH pmK:;rJ,emur 

a) K+- H 6) K- -MC30HOB B pcaK:u;nn p+A-----+K(159°)tX npn cpep;HeH :_meprHH 
npOTOHOB Eo=40 raB 

K• K 

"f 
A 60 

-V r/" 
55 

}/ 
55 1/-;;; -- /i i r 50 

"' 1---' 
/ I A j 

45 +,--- I I 45 ~yl- -~-t 
40 401 

.0.12 r ::t 1 
I 

~ 0.11 ~ •. tJ rJ {ti f l H I 010l 0.10 I I 

' ' ' Be C ., Ti Mo W Bee AI Ti Mo w 

E d6tdq1 ~ c -expl-TIT.l = C-exp(-c:>:/01.) 

Pnc.JO. A-3aBHCHMOCTh rrapaMe-

TpOB HaiOIOHa 3KCIIOHCHT ;rJ,IDI CIICKTpOB 

K+(•)-, K-(o)-Me30HOB (Eo=40 roB, 
6=159°). (A,L'.) - ~nJI E,=lO roB II 

B=l19° [30] 
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;n;nH KaOHOB B BOJJ;HHOM pa;u;naTope (~ ::::550 Mt~B/c) ;u;orroJIHHTCJihHO ucrronwo

BaJIC.H aMITJIHTy;D;Hhiii: aHaJIHO CMrHanOB ~rcpCHKOBCKOrO- C"<IeT"9:HKa [17]. ilOCKOJihKY 

rrpH :Ja;a,aHHOM HMIIYJihCC Bhixo;a, K+ -MC3oHOB Ha ;n;sa (a K--Ha TpH) rrop.!Ip;Ka 

HIDKC BbiXO,ll.a IIHOHOB, ~TaTHCTH"<ICCKaK o6CCITC"<ICHHOCTh ;u,aHHhiX ITO KaoHaM CO

OTBCTCTBeHHO Xy2Ke,II rrpn H3MepeHHH Ce'<!CHHif KaDHOB CT8.THCTll'<!CCKaJI -OUIII:6Ka 

6hma onpe;n;emncnneil. ,ll'mr yrrros 6JH:I3KIIX K 180° noMHMO Hanurx iJ.aHHhiX cyw;e

CTBYIDT ,JJ;aHHhlC ITO l-:UIKJIID3HBHhiM CIICKTpaM KaOHOB1 IIorry"<IeHHh!C Ha CHHXpO!pa-

30TpOHe OIIHH rrpu 3Heprrrrr 9 roB ~ill! "~ep Al H Pb [15]. 

HopMa .. 'IM:JOBaHHhie HHBapnaHTHhle ce"9:eHH.H o6pa3oBaHH.H K+- u K--MC30HOB, 

PA = ~ dd~ , rrpegcTaBJICHbi Ha puc.9 ( Ta6rrHIJ;hi ce~rcHHH orry6rrHKOBaHhl B [28]). 

iloKa3aHHhie OWH6KU - CTaTHCTH'9:eCKllC 1 Olli:H:6Ka a6COJI10THOif HOpMMH3aiJ;Illi 

::::15%. llpH arrrrpOKCHMal~lli-I llHBapll~HTHbiX Ce"<IeHHif )J;l"HI KaDHOB B IICpCMeHHhiX 

a H T 8KcrroHeHTaMH 1 O"inv=Caexp(-aja0 )=Cyexp(-T/To), rrapa.MeTphi dKCIIO

HCHT Oto H To, KaK ll B crrr-IaC IIllOHOB, OKa3hiBRIOTCH3aBliC.RlllllMll OT MaCcosoro 

"-!IIcrra A, iJ.eMOHCTpHpy.R rrpuMepHo paBHhlll )J;JIH K+ II K- poeT ( ::::5%) B HHTep

. Bane A OT 9 ;n;o 184 (pnc.10). 0,ll.HaKo A-GaBIIciiMocTh (pHc.ll) a6coJIIDTHoro 

Bhlxo;u;a iJ.mi K+- n K- -Me30HOB cyi.JJ;eCTBCHHO pa::mH'l:Ha: OT~omeHne HOpMnpo

BaHHhiX ce-qemrH: _n;mr BorrbcflpaMa u 6epmmH.R, RA=~, pa.BHO ,.._,10 p;JI.R K+ II 

OKOJIO 2 )J;JI.R K-. IIpn CTerieHHoH a.rrrrpoxcnMa:u;nn A-3aBHCHMOCTH 1 D"i:-tv ,..._, Am, 

napaMeTp m B c;ry"-rae K+ -MeGOHOB 3Ha'l:HTeJihHO rrpeBhiiiiaeT 1 rrpn 0THOCH

TCJihHO cna6oll 3aBUCUMOCTII OT liMITYJibCU -(pHc.12) • 

.IJ;nH o6'hHCHCHIIH o6pan.osaHH.R ''Mopcxnx" KYMYJI.HTHBHhiX '<!aCTHIJ; (K-, p-) 
MO)KCT 6b!Tb llCIIOJib30BaHa rl-IIIOTena 0 KOJIJICKTHBHOM KBa.pKOBOM Mope B .HiJ.pax. 

B [29] t:~Ta rnrroTe:Ja 6biJia n~rronhtlOBaHa ;o;n.11 o6'h.HcHemr.H EMC-a<flq>eKTa. Ecmr 
.H;fl;pO paCcMaTpUBaTh KaK pemiTHBHCTcKyiD KBaH_'_l'OBYID CliCTeMy, TO IIpH COXpa

HCHHH 6apHOHHOrO 'l:llCJia "9liCJIO "!aCTHIJ; II aHT1l:'9:aCTHIJ; B HCfl He !pHKCHpOBa.HO. 

H3-3a rromipH3au;mi saxyyMa _g;a;po c MacCOBhiM "-!HCJIOM A COiJ.ep)KHT HC TOJihKO 

A HyxrroHos, Ho TaK.a{e n MOpe "!aCTHIJ;-aHTH'<!acTn:ri,, KOTOpbie HecyT qacTb HM

rrynhca .H;n;pa. Bo3HHKaiOW~e ;a;onoJIHHTeJI:oHoe "xonrreKTHBHoe" Mope qq-nap .HB

JI.SJCTC.H CTOJih )KC )KCCTKHM1 KaK paCITpe;D;eJICHllC BMCHTHhiX KBapKOB1 H OHO OIIpe

;r:J,CID!CT 1 Ta.KHM o6pa30M 1 CIICKTp aHTHKBapKOB IIpH 60JibillHX X H 1 KaK CJICACTBJIC1 

crreKTp "MopcKIIx" xyMyrr.s:THBHhiX '<IacTn:u;. 

OcHOBbiBruiCb Ha ;n;onyw;eHHH o KoHu;eHTp~H ;u;orroJIHHTeJibHoro KBapKOBoro 
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Pnc.12. MMIIYllbCHaJI naBIICIIMOCTh 

a;!J;pOHOB B peaKu;HH p+ A -----+h(159°)+ X rra.paMeTpa rn rrpn cTcnennoii arrnpoKc.rr

rrpu E'o=40 r3B. 3aBliCHMOCTH ;D;JUI 71" MaiJ;HH A-3aBMCHMOCTH HHBapHaHTHbiX 

H p npep;cTaBJICHbi Ha OCHOBC JJ;aHHhiX CC\lCHilfi ~JI.ii KaOHOB - ~l-; "-' Arn 
. [22,31] 
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Pnc.l3. 0THomenne Bbixo;o;on g+ H 

](- B peaK!]HII p+A_,K(159°)+X rrpii 

CmmmHhiC KpiiBhle -

JillHC}IHaJI aiiiipOKCJIMall;HH liMIIYJibCHO:ii 

;:+ 
naBMCHMOCTH H3MCpCHHOI'O K~ - OTHO-

WCHIUI ;D;JI.H .ap;ep C, AI, W. IlynKTH-

K+ 
poM ITOKFJ;)aHO OTHOlllCHHC K- flOCJIC 

BKC-Y.oppeKIJ;HH. 3auiTpnxonannaa no

rroca - npe;a,:cKa3aHne Mop;errn ¢parMCH

Tai .. J;I·m cpnyKTyonon ;o;nH n;o;pa Al [27] 



MOpH BO <f>JI.YKTJOIIaX, aBTOpbi MO)J;CJII-1 <JlparMCHTaiJ;HH <fl!IJKTYOHOB ( <P<PM) YJJ;O

BJieTBOpHTC!IhHO BOCnpmmBe;::m llMIIJJibCHbie CITCKTphl )J;JIH 7r+- H I(+ -MC30HOB B 

pcaxu;Hu p+d- 1r+ ,K+(180o) u rrpep;cxananu A-GaimcuMocTn p;rr.a: K+, J"9:HThl

na.a: nropu"-!Hhie B3aiiMo;o;elicTBHSI K+ c HYKJIOHaMn JI;LJ;pa [27J. CprumeHnc npe,n;

cxa.aaHJmii: A -3aBUCHMocrn c H3Mcpeaaoll B aarueM axcnepHMeHTe rroxa:JaHo Ha 

pnc.l2. 

liMnynncHaJI 3aBMCIIMoCTh OTHOIIIeHHJI Bblxo;o;on K+ H K~ p;o1DKHa oTpa)KaTb 

pamm~me B X-pacrrpetJ;eJICHHHX BaJICHTHhiX II MOJJCKHX KBapKOB. 8TO OTHOIIICHHe 

6y;o;eT HMCTh crra6yiO :JanncnMocTh npu Xc >0.5, ecrrn x-paCnpe;o;erreHHe aHTH

KBapxon B Ko,·meKTHBHO:VI Mope TaKOe )KC 1 Ka.K H BaJICHTHhiX KBapxOn [27J. Th
KOC ITOBC.J:eHUC p;c:H:cTBHTeJihHO ,UCMOHCTpnpyeT H3MepeHHOe OTHOIIICHHC I(+ jK~ 
(pnc.l3). Pa3JIH"me a6coniOTHhiX Lma•-rcHnll J<+ jK- ;o;.\IH c:P<PM-rrpep;cxn.aa.HID!: n 

axcrrcpnMeHTa (p;aHHhiC ,r::J;JIH Al Ha pnc.l3) n 3Ha"iiiTCJihHOH cTerreHII ycTpaHHCTCH 

ITOCJIC KOppCKilHII 3KCITepHMCHTaJihHhiX ;o;aHHbiX C y~-reTOM BTOpll"!HhiX B3aHMD

;ri;Ci1:CTBHii: KaOHOB B H,UpC. 

5. MCKA)KEHME CIIEKTPOB KYMYJl.HTMBHbiX ME30HOB 
fiTOPM'IHbiMM B3AMMO,I(EHCTBMJIMM B JI,I(PAX 

8xcrrcpiiMCHT_anhHhiC r:~,aHHhiC no crreKTpaM KYMYJIIITIIBHhlx "'-!aCTHil. orpaHn

'-:ICHhl CpaBHHTE.llbHO HCBbiCOKHMH IIMIIYJihCaMII B CHCTeMe TIOKOH {flparMCHTHpy

lOlli_CrO .H;JJ;pa (:::;:1-1.5 l-~aBjc). 0'-IeBH;JJ;HO, ~ITO a<f>{fleKTOM BTOpll'-:IHhlX nnaiiMOp;CiJ

CTBnH c HYKJioHaMH .H;o;pa B ;o;aHHOM cny'-:lae IIpCHe6pcraTb HeJib3.H. B penyrrh

TaTe B3aJIJ.\,fO;JJ;eiicTBHii B KOHC~IHoM COCTOJ!HHH (BJ<C) perliCTpiipyeMhle CIICK

TpbJ K)'MJJIHTHBHbiX MC30HOB MoryT CJU!,CCTBCHHO OTJIH"9:aTbC.H OT llCXO,Il;HbiX, 

~ITO OC!IO:iKHJICT C0110CT8BJICHIIC dKCIICpHMCHT8JlbHhiX p;aHHhiX C pac"9:eTaMII MO;JJ;C

JIC:i1: pO)K;D;CHliJI KYMYJI.HTIIBHbiX ~IaCTHIJ;. 

lf T06bi OTBCTIITh Ha BOIIpoc, KaKOBa BCliii'-:IIIH8 H xapaxTep IICKa)KCHIIii, Mbl 

npoacnn MoHTC-Kaprro po3hirphlill co6b1THH po)K;JJ;CHltH n npoXO)K,Il;eHIIH xyMy

JIHTIIBHhiX MC30HOB B Jlp;pax, HCTIOJib30BaB TCXHHKY paC'-:ICTa BHyTpHH)J,CpHoro 

Kacxa:n;a [32]. ITo;o;po6Ho MeTop;nKa u pc3yJihTaThl pac-..reTa H3JIO.JKCHbi n- [33J. B 
KU'-:IeCTBe IICXO;JJ;HOrO 1IpH6ITH./KCHIIH 6biJIU liCIIblib;JOBaHbl ,IJ;aHHhiC 110 IIMIIYJibCHbiM 

u yrJIOBhiM pacnpe;o;crrcHHHM MenoHon ;o;rr.11 peaKu;Hll p+A----+ 1r(K)+X 1m [34]. B 
COO'.rBCTCTBliH CO CIICKTaTOpHoif MO,[l;CITbiO pOJK;JJ;CHHJI KYMJJIHTIIBHbiX MC30HOB [7J 
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p03.hlrpbill1 KOOp)J;HHaT pO:tK,Il;CHil.H OCYlllCCTB::DIJIC.H C ,Y'-ICTOM pap.Ha.JibHO}i IIJIOT

HOCTH pacnpen;erremur $nyKTYOHOB1 MOIJ;CJibHaJI OIJ;CHKa KOTOpoi! TIOJIY'<ICHa B [35]. 
IlpH paccMOTpeHMH B3aJIMop,cllcTBHi'I MenoHoB c HYKJIOHaMrr H;c\pa THIThiBa.JIHch 

ynpyruli n -Heynpyrn:H: ImHa.rrbJ, a TaK2KC B:JaiiMO)J;eiicTBIHI c rrcpcnapHfl:KO:ii. 

llprr ou_eHKe Be.rrw1HHhl HCKa.Ji<CHHl!, BHOCMMhiX BKC, KpHTH"'CCKIIM rrapaMe~ 

Tpm.i HBJI.HeTCH ,lJJIH"Ha $opMHpoBaHnH ap;poHoB l 1. Cor.rmcHo npocTpaHcTnermo

BpCMCHHhiM IIpC,JJ;CTaBJICHHHM napTOHHhlX MO)J;CJ1d'I [36, 37] Ha paCCTOHHIUIX OT 

TO'<IKH pO:&:)J;eHHH 1 M€Hbllll-1X { f 1 B3a:HMO)J;CffCTBU€ ap;poHa h C HJKJIOH1-1.MH Hp;pa 

C CC"::CHHCM fihN OTCYTCTBYCT ( XOTH MO.iKCT HMCTb MCCTO B33.IIMOD,Cii:CTBHC C 

EBapKoBhlM ce"IeHHeM). PanJJl-:I'<IHLie TeopeTH""'CCKlfC MO~eJIH BbiCOK08HepreTH'9.

I-fhiX B3aHMO;ri.CifCTBHff ;qaJOT OD;CHKJ ,IJ;lUiHbi 1>opMHpOBaHH51 B Illl1J10KHX rrpep;enax: 

OT lt=0.1q ;LJ;O ft=5q (¢M), rp,e q llMTIJirbC ap;poHa (n~Bjc). Jb :JTMX OU,:eHOI< 

BCpXH.H.li 1 KOTOpaH crrep;yeT H3 COrJiaCOBaHIHI pac"9:eTOB C .IJ;aHHblMH ITO MHO:>Ke~ 

CTBeHHOMJ p0)K,!J;CHH10 IIplt OHepni.liX Bhll!IC 20,0 faB [38], TIO-BHIJ;Ifl.IOMY 1 JIBJI.H

CTCf£ 3a.BbTI11CHHoi-i- p;mr '9:aCTHJ.J; C HMII,YJibCOM :S"l faBjc. 8TO IIO)J;TBCpJK)J;a€T 1 B 

'9:aCTHOCTH1 aHaJIH3 ,ll;aHHbiX no A-GaBHCHMOCTll BbiXOp;a TIIIOHOB c ql,=l-4 raB/c 

IIpM 8HCpriiH 70 n~B [39j, KOTOpbiii npnBeJI K COOTHOlllCHI-110 ij=0.5+qj0.95 (lfJM), 

'ITO ITpH q=J foB/c gaeT lj=l.5 qJM. 

KaK OTMC"''CHO BhllllC (4.1), npe,IJ;npHHHTM HaMH nonhiTKa arrnpoKCHMa.JJ;llH 

,II;aHHbiX no A-::JaBHCllMOCTH ;a,rr.a: TIHOHOB c q=0,5- 0.9 r8B/c [26] npuBerra K o:o;eHKe 

l/=(2.5±0.5) lfJM co cna6oii na.:si.J:CHMOCTbiO oT q. Pean:ncTH'-IHa.H BemPIHHa 11 
P,!HI IIHOHOB C llMITYJibCaMH 0.3-1 raBjc Jie:&:HT, IIO-BII;ri.HMOMy, B llHTCpBan:e l-2.5 

<})M. PaC'tJ:CTHhiC BeJIH'tJ:HHbl HCKa:t-Kcmrii M€30HHhlX CIICKTpOB IIOJIY'-ICHhl HaMil ;ti;Jnl 

KpaiiHHX OIJ;€HOK J j=0 R !1 =5q, )J;Jl.H 6oJieC pCaJIHCTI-f<IHhlX { j BCJll-f'-IUHa HCKa)KeHHil 

MQ)KCT 6biTh Oll;€HCHa- COOTBeTCTBYJOIII;Cfi 1-IHTCpiiOJUII.J;Hdi. 

Ha puc.14 rroKa..'1aH K08<}}<fJHU:HCHT ncKa:JKCHHH cneKTpoB D, xoTophlll onpe

)J;CJIJICTCH KaK OTHOIIICHI-1€ perUCTpnpyeMoro IIOP, yrrroM £1=(160°±10°) IIOTOKa 

MC30HOB (Nt) C ;::J;aHHhlM HMIIYITbCOM K llf'XOP,HOMY IIOTOKY (No), reHepnpyeMOMY 

B TOT )KC TCJieCHbiii yrorr e TCM JKe HMTIYITbCOM: 

D = N, . 
No 

(5) 

-Bem-I"''HHa D oTpa:acaeT M3MeHeHue a6comoTHoro Bhixop;a -qacTHJJ;, a 3aBHCIIMOCTb 

D( q) xapaKTepnnyeT l13M€HCHHe cflopMhl cneKTpa. BeJiu<-IHHbl ncKa:>KeHni'I B03-

pacTaiOT c yBerrH"''CHHCM aTOMHoro HOMepa H}J;pa: ,ll;JI.a: nnonoB Dw /Dc=3 npn 
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Pnc.l4. KoG!p<fm:u;HeHThi HCKa)f(CHIDI. MC30HHbiX cneKTpOB p;rr.s: .Hp;ep C( • ), 
Al( o ), Mo( 6), W( A) AJIH ABYX nHa'IeHHH AITHHhl <j>opMapoBaHH>I aApOHOB l1=0 
H lj=5q 

J 
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loA 

Pnc.15. A-3aBHCHMOCTH Bbrxop;a MC30HOB1 axcrrepHMCHTaJibHO Ha6mo)l;aeMble 

(crmomHble KpHBhie) n cKoppeKTHpoBaHHhiC Ha BKC (niTpHXOBaHHhiC KPHBhle), 
;o;rrH ;r:r;Byx 3Ha'<Iemn':! rrepeMeHHo:H: a=l (a) rr 0!=1.9 (•) , 
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z,=o. ,Il;rr.s K+ H 7r (panmriHC 7r+ H 71"- He,::nm~HTCl'IbHO) OTl'IH~lle DOT CAHHUIJ;bl 

MOHOTOHHO B03pacTaeT C poCTOM IU.fiTYJihCa1 COOTBCTCTBCHHO ll3MCpCHHM TCM

rrepaTypa T 0 pernq.'pHpyeMhlX cneKTpoB D"inv=Cexp(-T /To) MCHhlll€ 1 ~eM HC

XO)l;HbiX. 0THOCHTCJibHOC H3MCHCHHC TCMIIepaTyphl dTo=(T o,na6rr.- To,ncx.)/T o,ncx. 

cocTaBrr.seT 3% p;rrn A=12 H oKorro 10% ;t:I,JUI A=184. B crry~ae K- -MC30HOB 1 p;mr 

KOTOpbiX. ce~CHHC B3aHMo;rr,eifcTBIUI c HYKJIOHOM ;r:J;.1HI m.myrrhCOB HHJKC. 1 reB I c 

cyi..IJ;eCTBCHHO BbllllC,_'t.J:CM )J;ll$1 !(+II 11" 1 il MMCCT MHHMMYM npn q=55Q MaBjc, KO

a~<PHIJ;HCHT HCKaJKCHHii MaKCHMaJibHO OTJIH't.J:CH OT 1 H 3aBHCHMOCTh D( q) HOCHT 

HeperyrrnpHhlif xapaJ{Tep, ,llCMOHCTpnpyH MaKCHMYM rrpH 550 1-1aBjc. JipH fj=5q 

HcKaJKeHIDI cneKTpoB, ecTeCTBCHHO, MCHhllle (pnc.l4), op;naxo ;rr,nn np;cp c A>100 

BCJlll~HHa HCKa)KCHMJ.l OCTaCTC.H 3Ha~HTCJlhHOff (D'"""'Q.5). 

Ilorry't.IeHHhle naancHMOCTH D(q,A) p;a:EOT B03MO)KHOCTh-npoaecTn B nepBOM 

rrpn6JIH)KeHnn KoppeKIJ;HIO na6mo;u.aeMhiX ce~enn:H: p;mi Taro, "'ITo6bl norry'lHTh 

HCXO)J,HbiC: 

O"ucx (q, A) = O"u,mrr(q, A)/ D( q, A). (6) 

Ilo;a;o6naa xoppeKTllpOBKa :JHa<IrrTeJihHO Bll,ll;OH3MCH.HCT A-3aBHCHMOCTh ce~e

HHH. KaJ{ an;u;no H3 pHc.l5, r;n;e noxananbl OTHOWCHHfi ~ HOpMnpoBaHHhlX 

HHBapHaHTHbiX CC~emni K COOTBCTCTBYIOIU;HM CC'lCHHJIM Ha BOllb<f>paMe, A

naBHCHMOCTH ;o;mr 1r, K+ n K- rrocne BhliTOJlHCHll.H xoppeKIJ;IUI ce'lcnrrll 3aMCTHO 

c6JUDKaJOTCH (p;mr a=1 H [J=Q OHH rrpaKTH'-ICCKH COBII8.)1,8.10T ), IIpH ClTOM OT1UFUIC 

OT A-3aBHCHMOCTH o6'I:>eMnoro Trrrra (ainv=cAm, m=1) BqnpacTaeT: m=l.5 ;o:rr.s 

a=l II m=l.6-2 AITll a=l.9. 

TipnMepoM ;o:pyroil xapaKTeprrcTHKH KYMYJIHTHBHhiX npou;eccoB, rp;e y"<IeT 

BKC nHa"<IHTenbHo MeH.aeT Ha6niOp;aeMhle Benn~l-!;Hhi,,.HBJIHeTc.a oTaoweane Bhl

xo)J;OB 'laCTHIJ; pannoro THIIa. KaK BH,Il;HO H3 pHc.13, Ha6mo;n;aeMO€ OTHOlliCHMC 

Bhlxo;o,oB K+ /K- ;n;nH sorrbcflpaMa, paBHoe 50, CHIDKaeTcH nocrre xoppeKu;nn p;o 

~20. 

3AKJIIO"'EHHE 

M3Mepeamr ce'leHn:ii o6panoBaHIUI KYMYJIHTHBHbiX TIMOHOB It xaoaoB Ha cep

nyxoBCKOM npoToHHOM c:rmxpoTpone 6biJIH BhliiOJIH€Hbl rrpH aHeprrrrr rry'lKa npo

TOHOB OT 15 ;IJ;O 65 faB, T.e. B o6rraCTH1 rp;e aneprHH CTOJIKHOBCHHH KOHCTH

TY€HTOB B3aHMOp;e:ii:CTBYIOI..IJ;HX 06'b€KTOB JI€)KIIT HaMHoro Bbiiii€ nopora KOH-
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<f>a:iiMCHTa, II, CJIC)l;OBaTCJihHO, IIpHMCHCHHC KBapK-napTOHHOrO IIO)l;XO;o;a K lm~C
IrniO MexaHH3Ma pO)K;rJ;CHII.H KYMYJI.S:THBHhiX "'aCTilil .HBJIJICTC.H BIIOJIHC OIIpaB,D;aH

HhiM. Bhlxo;o; KYMYJIJITIIBHblx MC3oHOB H3Mep.s:ncJI no;o; yrnoM 159°, r;c;e rrpOJJ;OJlb

HM xounoacHra nMnynhca npco6na,o;aeT Ha,n; nonepe"'HoH ( q1./ qu=0.35). Cne
p;oBaTeJihHO, B COOTBCTCTBllll C rHIIOTC:JOfi 0 CJICK"raropHOM M€XaHH3MC pmKJJ;C

HliJI'K.YMYJI.HTIIBHhlX MC30HOB MO)KHO rrpep;noJiaraTh, "'TO CIICKTaTOpHhlif KaHan: 

He CHJihHO UCKa)KeH IICpeKpbi.TliCM C KaH8JlOM )f{CCTKOro paCCe'.JIHlUI. 

,I{aHHhiC ITO KYMYJIJITiiBHOMy pOiK)J;CHlUO IIHOHOB ll KaDHOB B IIpOTOH-JI,IJ;CpHhiX 

B3aHMop;eiJ:cTBll.fiX rrpn t.meprHII 15-65 raB B COBOKYIIHOCTH C ;o;aHHhiMH axcrrepn

MCHTOB npn 6onee Hnnxux cmepnmx no3BOJIHIDT c;o;enarh crre,u;yrow;ne BhiBO;r:J;hi. 

1) B KYMYJIJl:TIIBHOM o6panoBaHHH IIIIOHOB rrpn <:~Hepr~n ;o;o 60-70 ran rrpe)K;o;e

BPCMCHHO, IIO-BH;r:J;liMOMy, roBOpHTh 0 CKCiinnHrOBOM IIOBC;IJ;CHllll B 3HCprCTU"'C

CKOii UIKaJIC: HHBapnaHTHhiC CC"<:ICHH.S: npH 0' > 1 pa.cTyT, YBCJIH"'llBa.H:Ch B HHTep

BaJIC OT 15 ;r:J;O 65 raB Ha 20-40%. JlciiOJib3oBaHIIC 6e3pa:3MCpHoii nepeMCHHOii: 

Xc {KYMYJI.HTHBHOC "IUCJIO), Y"IIIThJBaiOIJ..J;Cli MaCCOBbiC IIOilpaBKH, OT"'IaCTH HHBC
JUlpyeT E-naBHCIIMOCTh, HO He rrorrHOC'fhlO, '<iTO nop;TBep.JKp;aeT "6eryw;HH" xa

pa.KTep cxeHmm:roBolr KOHCTitHThl x 0 • Jlorapn:q,MH'9:CCKM aKcrparromru;n:sr pacTa 

ce~IeHHif 0'1' 60 ;r:J;O 400 raB rrpllDO;lJ;HT K 3Ha':ICHIUIM CC'<ieHHii (npH Q' >1.5) OHa

'<liiTCJibHO MCHhUIHM nnMcpenHhlX B <PHAJI. Cho yKa:JhlBa.eT Ha Heo6xo;o;HMOCTh 

nny~rcHHH E-naBHCHMOcTrr ce'<ieHnH KYMYJIHTHBHoro po.JK)l;CHH.H "tfacTH:U: B aT-oM 

HHTCpBan:C, T.K. aa6JIIO;rJ;aCMOC ycHJICHH€ C CllleprHeil pacTa CC"'ICHHii IIpH 60Jib

UlllX KYMYJI.HTHBHhlX "'-UJCJiax ne aaxop;n:T o6'h.siCHeHHJI B paMKax cyii.J;eCTB,YlOllJ;HX 

MO;tJ;CJihHhlX rrpcp;cTaB!IeHHll. 

2) IJpn o6cy)I()J;CHHII ynnBepca.'IbHOCTH IIOBC,JJ;CHHfl CIICKTpOB KYMYJI.S:THBHhiX 

"::aCTHU: ITpC:IKp;e BCCrO HMCIOT B BI-f,IJ;Y ITOCTO_flHCTBO HaKJIOHa HHBapHaHTHhiX <:e
~ICHI-f:i-1 Uinv B rrpc;u;cTasrreHim no GenpanMepHhlM rrepcMCHHhiM Xc IL"IH a ;o;rrfl pan

JIH'<iHhlX TMIIOB KyMyJIHTHBHbiX "'-IaCTli:U: H MaCCOBbiX "::IICCJI <f>parMeHTHpYIOW.HX 

.H,[l;Cp. ThKoC IIOBC;r:J;CHHC CC"<:ICHIIIJ: p;aCT OCHOBaHI-fe rrpep;IIOJIO.JKHTh, '<iTO ~YHK:U:HJI 
ainv(Xc) BOCIIpOli3BO,IJ;IIT CTpyKTypHylO q,yHKIJ;HIO H,YKJIOHOB1 CBJI3aJIHhiX B H;t:J;pax, 

npn nHa"<:Icimnx cxeiinnnronoll ncpeMCHHOi-i Xc > 1. B KBapKOBhlX Mo;o;en.s::x IPpar

MCHTaU:HH <I>ITYKT,YOHOB X-IIOBCp;CHIIC IIHBapUaRTHhlX CC"::CHHl{ ,JJ;OJDKHO OTpa)f{aTh 

x-pacrrpe;o;cJieHnc BaJICHTHhlX KBapKoB B crry"'ae KYMYJI.HTHBHhiX "'lacrnu:, n:x cop;ep

)l(arn;ux (IT, K+), n x-pacrrpe)l,errennc KBapKonoro Mop.s:: B .H,n,pax B !=ITY"::ae -qacrn:u;, 
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COCTOHIU.HX 113 MOpCKHX KBapKoB (K-, p-). PaBCHCTBO napaMCTpOB H~JIOHa 

Xa( 1r) H Xa(K+) .HBJIHCTC.H CJIC):I;CTBHCM :)TOro. PaeeHCT~O Xa(K+)=xa(K-)=xa( 7r) 

HeCeT )l;OllOJIHHT€JlhHJIO HH<flopMaiJ;UI0 1 JKa:;JhiBB.H Ha TO, '-ITO KBapKOBOe MOpe BO 

<PnyKTJOHaX HBJI.HCTCJ:l CTOJih 2KC 2K€CTKHM, KaK U x~pacnpep;erreHU€ BaliCHTHhiX 

KBapKOB. 

3) llpH IIOCTOHHHO:ll miOTHOCTH pacrrpep;eJI€HHH HJKJIOHOB B .Hp;pax BepO.HT

HOCTh o6pa3oBaHIDI <PliJKTJOHOB ITO BC€MJ 06'bCMJ .H)l;Cp ;ll;OJI)KHa 6biTh IIOCTOHH

HO:ll, n A-naencnMoCTh HHBapnaHTHhiX ce'-leHHli PA, HOpMHpOBaHHhiX na nyKJIOH, 

;a;omtma orcyrcTBOBaTb-(rrpn rrpene6pe:tKeHHH BKC). O;a;naxo B ;a;n¢¢y::JnoM no

BepxHOCTHOM CJIO€ .Hp;ep BCpO!ITHOCTb 06pa:JOBaHIDI HyKJIOHHhlX KJiaCTepoB IIO

HlDKCHa. 0THOCHT€J1hHB.H pOJib ;;noro CJIOli 6biCTpO YB€JIU'-IMBaeTCH C JM€Hbllie

HH€M Maccoeoro '<IHCJia A. B cny-qae cnpaeen;rrneocTH <PrryKTyonnoH Mop;errn ::no 

;a;omKHO npHBO)J;HTh K 6t.ICTpoMy yMeHt.IlieHHIO PA c yMeHhmenneM A, "'-ITo n na~ 

6JIIO;r:t;a.eTCH B 8KCIIepUM€HTe. 

ChmKnee o6'h.HCHHTh A-3aencnMOCTh rrapaMerpoe nmcrrona crreKTpoe X 0 , 0' 0 . 

Mo)KHO rrpe;n;norrmKHTh 1 "--TO nocKOJihKY c poeT OM A cooTHOllieHne nerKHX ( 6q) 

H TH)K€JibiX (>6q) KJiaCTepoB ~eH.HeTCH B IIOJih3J IIOCJI€)J;HHX1 TO 6orree )KeCTK~€ 

X-pacnpep;eJieHHC B TH)K€JlhiX KJiaCTepax IIpHBO)J,HT K pOCTY X 01 0'0 C yBeJIJl'Ie~HeM 

A. Konn'--IeCT.BeHHO a<PcfleKT pocTa no aToll- rrpn~ruae ;n;orr)KeH 6hlTb 6orrhiiie, ~reM 

Ha6JIIO;Ila€Mhiii, eCJIH Y'--ICCTh 3HaK HCKa:iKeHHll HaKJIOHOB ClleKTpOB1 BHOCHMblX 

BKC. 

4) 0THoiiierme R(-I+) Bblxop;a 7r- K 7r+ HBHO ;a;eMoHcTpnpyeT H30TOIIH'-Ie

cxnll a¢<PeKT Ha rrer"'aiiumx Hp;pax - RBe=1.13 n Rc=0.95, "'TO MO)KeT 6biTh 

CBH3aHO C 60JihlliHM CO,lJ;Cp)KaHHCM d-KBapKOB OTHOCHTeJibHO U-KBapKOB B Hp;pe 

Be no cpaBHeHHIO c nnoTorr-cnMMeTpH"'HhiM .Hp;poM yrnepo;o;a. R(-It)_ ae npo.HB

rrHeT 3aMeTHOI-i HMIIYJihCHO:ll OaBHCHMOCTH1 ~ITO MO)KHO- HHTepnpeTnpoeaTb Kax 

OTpa)KeHH€ prumoii: )KCCTKOCTH -x-pacrrpe;u,eJICHHfl d- H U-KBapKOB BO <J>nyKTyo

HaX. ,Il;rrH cpep;anx rr TJDKeJihiX .s:p;ep R(- I+) 6mtt:JKO K 1, T .e. H30TOIIH'--IecxHH a<J>

<f>eKT BhiMHpaeT, aTo MO)I(eT 6biTh o&bHcHeHo KaK napacTaHHCM ponn BKC, TaK 

H B03MO:IKHb-IM yBe1lH'--IeHH€M OTHOCHTCJibHO:ll KOHU,:€liTpau,:rm T.H)KCJib-IX H30TOII

CHMMeTpH'--IHbiX 12q-KJiaCTepoB. 

5) IJpoBep;eHHble Ha OCHOBe MO,ll;CJIH BHJTpiDI;IJ;epHoro KaCKa;o;a pac"'-leTbl C U,:ClihiO 

Oll;CHKH BeJIH"IllHbi HCKa)KeHniJ CIICKTpOB KYMYJIHTHBHhiX Me\JOHOB HX BtlaHMO)l;CiJ-
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CTBIICM B KOHC"<IHOM COCTOHHHH IIOKa..'1biBaJOT1 "<ITO OCJia6JICHH€ )K€CTKO:ii (KYMYJIJI

TIIBHoll) "IaCTH CIICKTpOB 7r~ II K+~MC30H0:8 O'tfCHb :JHa"!HTeJlbHO: IIOTOK 'tfaCTHIJ; 

yMeHbmaeTc.s: B ,...._,2 pnna ,IJ;JI.H rrerxnx H,IJ;ep H B 3~4 pnna ;D;JI.H T.H)KCJibiX. BKC

HCKa)KeHH.H HaKJIOHOB CIICKTpOB COCTaBJI.HIOT IIpH ~TOM (I t=0): da:0=~3% ;IJ;JIJI C 

II dct0 =-8% ;IJ;JI.H W ( OTpuo;aTCJihHbi:il: ::niaK da: 0 OOHa'tfaCT, "<ITO HaKJIOHbl HCXO;IJ;HbiX 

CIICKTpOB MCHblll€ 1 "<ICM y aa6JIIO,IJ;aCMbiX). 

6) BBep;eHii€ BKC-xoppeKu;IUI ce"<IeHn:ii cylll;eCTBeaao MeiDieT xapaxTep A
naBHCHMOCTH, ycrmnBa!I ee OTJUI"<IH€ OT 06'beMHOii H JIIIKBH;IJ;HpJ.H 6om~moe Ha-

6mop;aeMO€ pa3JIIf"rn:C ;n;mr ( 1r, K-) n K+ . llpH anrrpoKcnMaD;Irn :JaBHCHMOCTH na~ 
BapnaHTHbiX ce"<ICHHll OT MaccoBoro "IH:crra B <PopMe CFinv "-' Am rroxnnaTCJib m rro

crre BKC-xoppeKQHH cocTaBIDieT ;o;mr 1r-, K- H K+ coOTBCTCTBeHHO 1.9, 1.6 n: 2.0 
(rrpn l1=0 H a=1.9). Y"<IeT BKC CYI.llCCTBCHHO MCH.HCT Tax:JKe aa6mo;o;aeMoe OT

HOIUCHrre BbiXO,IJ;OB ."<IaCTHU: pnnaoro Tnrra; Tax, ;n;n.s: peaxu;mr p+W___,.K(159o)+X 

aa6mo;o;aeMoe OTHOlliCHHe K+ /K- cocTaBrr.HeT 50, a cxoppeKTHpoBaHHoe aa BKC 

~20. 

7) Ilo,n;o6He A~oaBHCHMOCTeH TaK /K€1 KaK H rro;o;o6He x-3aBHCHMocTell HHBa

pHaHTbiX ce"!eHIIii ;o;rrn KYMYJIHTHBHbiX MC30HOB pnnrrn'tfaoro Tnrra (1r, K+, K-), 
I'OBOpHT B IIOJib3Y yHHBepCaJibHOCTH M€XaHH3Ma HX pO)K;IJ;CHH.H ll1 B 'tfaC'I'HOCTH1 
0 pnnaoil: )K€CTKOCTH x~pacnpep;eJICHHif COOTBCTCTBYIO~IIX KBapKOB (d, u, s) BO 

cf>nyxTyoaax, ecnrr crrpaBe;o;nrrBa <t>ct>M~Mo;n;errb. 

TaKHM o6paaoM, II3y"<IeHne KYMYJI.HTHBHOI'O o6paaoBaHIDI M€30HOB B pA

B3anMo;o;ellcTBIIHX l10Ka3biBa€T 1 "ITO HHTeprrpeTa.IJ;IUI pe:JylihTaToB HCCJrei);OBaHH.H 

cTpyKTYPHbiX lf>yHxu;nii x;o;ep Ha MaJibiX MeJKay:rmoHHbiX paccTo.HHiurx B :JKcrre

pHMCaTax C a;ll;pOHHbiMH IIJ"IKaMH Tpe6yeT KOMIIJICKCHOtO paCCMOTpeHliH TaKHX 

rrpOIJ;CCCOB B H;D;pax, KaK B03HHKHOB€Ime <f>JIYKTyau;nil: IIJIOTHOCTH H,Il;epaoro Beiii;e

CTBa, cf>opMHpoBaane nx KBapKoBoll: CTPYKTYPhi, ap;pommau;HH KBapxoB B H,n;ep~ 
HOif cpe,IJ;C II B3aHMO,lJ;Cii-CTBHe p02K,lJ;€HHbiX 'tfaCTHII; B KOH€'9:HOM COCTOHHHH. 
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