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I. OHUAR XAPAKTEP.11CTHKA m1ccEPTAUl-lH 

Af<Ty'8JThHOCTb npo6.JieMU. Ilpouecchl MHOEeCTBeHHoro o6pa30B8HHR '!8C
THU HrpaJOT ,noMinrnpy1oury10 poJib B a.npoH-a.npoHHhIX B3am,,o,neilcTBH.fIX npll 
Bh!COKHX 3HeprRJIX. 0,nttHM H3 HaH6o.Jiee IlJIO,ItOTBOpHhIX MeT0]10B llSB.Jie'IeHKR 

HHqlO~all;liH O ,nKHaMKKe 3THX- npoueccoB .fDlJI.ff8TCR llHY..JII03KBHhlil no,nxo,n. 
B pesyJibTaTe HHT8HCllBHOro TeopeTK'!eCKoro H 8Kcnepm.1eHT8.1I1,HOro llCCJie
,nOBaHH.fI llHKJIRl3llBHh!X peaJi.UH:i! 6h!JI ycTaHOB.JieH PR.It 381{0HOMEpHOCTeil, npll
cymmc npoueccaM MHOJKeCTBeHHoro o6pasoBaHJ1J! :.iacrnu. O.nttaxo B STHX Hc
cJie,noBaHll.fIX OCHOBHhIM llCTO'!HllKOM 3KCnepHMeHTa.JThHOil llHifOJ1.18UKK C.JIYJKR.7IR 
]1aHHhle 06 llHKJ!l03HBHIDC peaKlll!.fIX C sapmi:eHHh!Mll 'I8CTHU8Mll. 

Ko BpeMeHll Ha'Iar.a pa6oT no TeMe ,nnccepTall;liH KHK.JJJOSHBHhle peaKUllll 
C o6pa30BaHlleM 1-Y.BaHTOB (OT pacna.na '.if 0- 2 ~ ) ll rr°-Me30HOB B IlllOH
npoTOHHHX B3allMO].leV.cTBJ!JDC npe,ncTaBJULJill co6oil B8CbMa MaJIOll3Y'!eHHYJO 
06.JIBCTb qlll3llKll BhICOKlIX aHeprnil. .J];Lq peaKIJ;f:il 3Toro TllTI8 OCTaBai:rncb Ee
Bhl.fICHeHHh!Mll xapaxTep 3HepreTK'!eCKOil 38BllCHMOCTll ,nHqq>epeHD;lia.JlbHOrO 

cetJeHWI B pa3Jlll'lHHX KJ!HeM8Tll'leCKIIX 06.JiaCT.fIX; rpaHHUhl npY-r.leHHMOCTll 
· :ac::JTaC'nC1. llHB8pllaF.THCCTll; EOnpoc O B03MOlKHOM npo.,cm.,:ieHllll 38ROHOMep
HOCTeil, o6HapYJKeHHllX paHee B llHKJII03llBHllX peaKD;li.fIX C sapm:eh"Hh!Mll 'I8C

THU8Mll ll T. Il. 
Af<Tya.JlbHOCTb P.3y'!8HllR yK83aHHhIX BOilp0COB onpe,neJIReTCR ]1By?.!R qru<

TOpaMll: BO-nepBhIX, TeM, 'ITO B IlllOH-npoTOHHllX B3aHM0]1EHCTEJI.fIX HeP.T
paJibHHe IlllOHhl COCTaE.JJJilOT npm.1epHO O,ntty Tpen, no.JIHoro 'lllCJJa ETOpj'."-ll:h:X 
'I8CTHU R YHOC.fIT 6oJiee 20% noa1HOi1 3H8prllll CT8..1IKllllaxt!UCR az;.poHOB. 
Bo-BTOpllX, TeM, 'ITO ~nP.Y~e O npoueccax ocpa:30BaHl:.R ~-!.:E30HOD 

co.neJ)lK8.T BamIYIO 11:wlopna:.ano, Heo6xo.n;m.,zyio ,!l,.'".JI noHID.aHll.R 1rnocmrno-
Boil CTpyKTypH M8Xa'ill3!,'i.3. l!HOJr.ecrneHHoii reHe:;,a.L.i7Jl 'laCTill-10 

Pa60TH, npoBe,neHHue no TeMe ].IHCcepTaJ.:Jm, .IIB.:P.lOTCR 'l8CTblO npo
rpaMMH CRCTeMaTlf'!eCKOrO llCCJI8]10BaHM npoueccoB B38UMO,!IeilcTBll.fI rr--Me-
30HOB C HYKJIOHaMH ll .iUlpaMll npn 3Hepr:im 5 faB, BHnomu;eMoll C IlOMOIUJ,10 
200-JIRTpoBofl nporraHCBOil ny:mpbKOBOil KaMerhl (:IB 200) .r.aC.cpaTop:im R,nep
HllX Ilp06JJeM 01Ull'l. J1cCJienoB8Hl!R Ilp0E0]1RTC.9 ;JC:.!I OL'l!:IDI. P.c.;'1-~:illl pyKOE0.!1-
CTBOM 'L'JeHa-KoppecnoH,!leHTa AH CCCP IIJ-Ci{jHccpa B. n .,U.E.':ETIOBa. 

0 6bED.t,1HfjHHbli:-i 1'1HCn1TY".' 

~ilEPH~X ~ccnEUOB~h1'1g 

6t.1f.nt.10TEKA 



ijeJII, pa60TH 38RJIJ()qaJJaCb B 3KcnepHMeHTaJJl,HOM HCCJie,noBaIUlli npo

ueccoB o6pa30BaIIHll 1-KBaHTOB 1! n°-Me30HOB B HHKJil031!BlillX 

jfp-~+X, 
'.ifp-fl0 -t-X 

1! no:ryl'!HK.:1!03HB!iUX 

~r p - ~ + nc.n + X, 
'.i(p-'ii: 0 + nch + X 

(I) 

(2) 

(3) 

(4) 

peaKUR.FlX npH ::mepr1r:1 5 fsB. I'JiaBHoe BHl!MaHl!e yneJI.FlJIOCb aHa.mrny ::rnep

reTJ,IqeCKOil 3aB1!ClIMOCTH ,lI1!qxfepeHUHa.Jll,HHX ceqeHHH peaKIJ;lrn (I) 1! (2) B 

pa3JI1!qHHX lillHeM8TllqecKlIX o6JiaCT.FlX 1! npoBepKe B peaKUIDIX (3) 1! ( 4) 

p,r,na 3aKOHOMepHOCTeil, 06HapJ)KeHHHX paHee B Il0JITAHKJII031!BHHX peaKUIDIX 

C Bbl,lleJieHHOH 3apa.Y.eHHOH qaCTHUeil. 

3Kcnep.IDl!eHTaJibHHe .uaHHH€ 0 peaKUH.FlX (I)-(4) OCHOBaHH Ha peayJil>

TaTax o6pa60T!ill co6HT1!i1, OT06paHHHX B XO.Ile npocMOTpa 230000 CTepeo

qx:>Torpaqll!il, no~eHHHX c IlOMOll{blO TIK 200. B Ma.ccz~ CyMMapHHX peayJI1>

TaTOB BKJIIOqeHO 5587 co6HT1!H peaKUHH (I) c 7940 1-KBaIITaMH, qTQ npe.n

CT8BJifIJIO co6oi1 HaH60Jiee IlOJIHyro CTaTl!CTllh."Y cpe.u11 3KCIIepHMeHTOB, BH

IIO.'!HeHHHX Ha ny3up1>KOBHX KaMepax. 

Ha7'!Ha.Fl HOB1!3Ha 1! 3Ha™IOOTb pa60TH. BucOKa.Fl CTaTHCTHqeCKa.Fl 

o6ecrreqeHHOCTb .llaHHHX B coqeTaJIHH c rrpeHMYilleCTBfilfil 4Il-,neTeKTOpa, KO

TOpb!M Ho.:meTC.Fl nysupbKOBa.Fl KaMepa, rroaBOJil!JIH IIO.lI'J'Il!Tb HOBHe, HeHsBe~ 

C':'c,::c ranee cBe.ueHHH o pea1m;I.FlX (I)-(4). 

TaK, Harrpl!Mep, ,llJUl peaKu:,rH (I) 6wrn no~eHH nepBHe ,naHHHe o 

".llBJMepHoM" ,lI1!q,.f,€,peHU1!aJJbHOM ceqemm ( E"/'Ji. P~0)d26/dX d pf, 
3aB1!C.FlllleM O~OBpeMeHHO OT .llByX KHHeMaTl!qecKHX nepeMe~x- X 1! p.L, 
1! oueHeHa 3aBHCID~OCTb 3TOro ceqemm OT 3Hepr1!1!. , 

Bnepme ~u peaKUl!il C o6pa30BaHHeM 1-KBaHTOB 1! n°-Me30HOB ( peaK

Ul!ll (3) 1! (4)) 06Hapy-~eHH 3aKOHOMepHOCT1!, rrpe.ncKa3HBaeMHe rHITOTe30H 

"cKeHJIHHra B cpe~eM" ,llJUl cneKTpoB no npo,noJI1>HllM H nonepetIHHM KOMIIo

HeHTaM .IDlfilYJibCOB. TeM CaMHM 6wrn: pacllllipeHH rpamrn;!,I npHMeHl!MOCTH 

"cKeilmmra B cpe~erl' KaK no .Ul!anasoey 3Hepr1!il ( 5-300 raB), TaK H no 
THny peaKIJ;lrn, 

Ilo~emrne HaMH cBe,neHH.Fl o rrapaMeTpax pacnpe,neJieHH.Fl no MHOJKec'l'

BeHHocTII sapHl!teHHHX qacTHU, aCCOUHl!POBaHHHX C n°-Me30HOM (peaKUl!.Fl 

(4)), paHee 6HJI1! 1!3BeCTHH Jilflllb ,llJUl pp-B3aHMo.neHCTBHH npn 9HeprIDIX 

ISR. 
B!rne.ueHO HOBOe HHTerpMbHOe ypaBHeHHe, CB.Fl3HB8Jll!ee ".neyMepHHe" 
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pacnpe.neJieHH!l d
2 
6 / d E d R, M.fl HecTaCinJibHHX tJacnru ir npon;,'KTOP 

l!X Il30TponHoro pacrra.na Ha rrapy MaCCHBHHX qacTl!ll. HsBeCTP.He paHee 

ypaBHeHH!l (MR "o~oMepHHX" pacrrpe,neJieHHil d6/dE, d5/dP.1 J II rrp1!6-

JIIDKeHHHe <iOPMYJil,I (.II..71.Fl 11,UBJMepHHX" pacrrpe,neJieHHi1), KOTCpue IIIllpoKO 1:c

noJib3J!OTC.Fl M.fl BOCCTaHOBJieHH!l crreKTpoB n°-Me30HOB l!3 .naHHHX O C;,EJ:

TpaX 1-KBaHTOB, .F[BJJ.ff!OTCH qacTHblM c;ryqaeM rro;ryqeHHOro rJl8BHeHl!Jl. 

BrrepBHe oneHeHa CKOpoCTb pocTa • ceqeHII.fl BHxo.na n°-11.e30HOB B ueHT

paJibHOli 06JiaCT1! ITplI yBeJIHqeHJrn ::rneprHH C 5 .no 1500 faB (ncIIOJib:30B8HH 

,naHHHe O rr-p- 1! pp-B3anMO,lleilcTBII.FlX). 

IlpaxTnqecKaR geHHOCTb pa60TH. IlpHMeHeHIIe no~eHHoro 1!HTerpa;r1,

Horo ypaBHeHH!l ,nJI.Fl BOCCTaHOBJieHHH 11.llBJMepHoro" ,lI1!qipepemmaJibHOro ce

tJeHH!l o6pa30BaHHll rr°-Me30HOB II3 aHaJIOrlitJHOro ceqeHl!.fl ,n.~q 1-KBaHTOB 

IT03BOJl/l8T OCBo60,lI1!TbC.Fl 0'.!' He.nocTaTKOB, rrpHcymnx HCIIOJI1>:J;TeMOi1 B Hac

TO.Flll{ee BpeM!I npn6Jil!lKeHHOH qiopzyJie. 3Ta qJOpMYJia crrpaBe.llJil!Ba TOJibKO .llJl.Fl 

BHCOK08HepreTuqecKHX 06JiacTell cneKTpa 1-Y.BaHTOB 1! rr°--r.1e30HOB. 

Paspa60T8HHHe B .lllICCepTaUHll npneMH BOCCT8HOBJieH1!.fl "o~OMepHHX" 

pacrrpe,neJiem rr°-MeaoHoB rro~l!JIH pacnpocTpaHeH1Ie H B npyrnx aKcne

pHMeHTax. TaK; ipopr.r/.Thl, rrr:,we!IeHHUe B TreTbeil r.iurne ,nJ'!ccepTau:,r1I, 6u

JIH IICIIOJI1>30BaHH npH :icc.'le.IIOBaEl!l! 38}'.0HOl:.t'}>HOCTeil "CKeilJil!Hra B cpe::-

HeM" B cneKTpax rr°-1,e30HoE, oCpasyrimu:cR B peaKlll!n p p-!it0 + X 
npH 22,4 raB. 

3KcrrepHMeHTa.r.1,Ho1e naEHHe o pem:u:mx {I) n (2) rro~eHH B ue 1:c

cJie,noBaHHoil paHee 06.1acTl! 8EepririJ I! m.:eJOT BllCOKYIO CTaTHCTIIqecKyD 

o6ecneqeHHOCTb. h'!aro:rapR a:ror.7, OHi! BHOCHT cymec-::BeHH!Il'. BY.na.n E Od'i~'.I. 

Hal<OIIJieHHOH paHee ,rnq,:,pir.aua;! 0 rrpoueccaX oCpa30BaI!l'I.Fl )'-KEBHTOE l! J°
Me30HOB B 1!HKJil03!1ElillX peaY.llH.FlX, 

Anpo68U1!.Fl pa60TH. llcc.,1e.noBaHl!Ji, IIOJIOZeHHHe E OCECEJ :raccE r,:-a□m, 

rrpoBe,neHH aBTopo1,1 B 1973-1980 ro.nax coE1.1ecTHo c corrynmnwr.m .:;,w 
OIDIB, MliCTIITJTa qJII3l!KH AH ECC? 11 .npyrnx HayqHHX ueHTpcB, np11P.m1.&!:r.::n: 

YtJaCTIIe B rrpoBe.nemrn 3Kcnep~.1eHTOB Ha !1K 2CO. OcEc::iE:.:e ,;e::y::1-:-a:-;_• 

,lI1!CCepTaU1!1! ,llOKJia,nHBa1I;rc1, Ha cewrnapax JIH!l OH.in!, :rncrnTYTa (pll:JHY.ll A!! 
ECCP: Ha 3ace,naHH.FlX KaMeJ:HOro KOMHTera n ceccimx Jqeuoro coBeTa no 

ql1!31!Ke BHCOKIIX aHe.r;rnil Ollffil; rrpe.ncTaBJIRJH!Cb Ha r.:elK.I:JHapo,mme KCHq€

peHU1!1! no ql1!31!Ke BllCOKl!X aHeprn:A B Ja.1Jep1.10 (I 975 r. ) , B T6IIJil!Cll 

(I976 r.). B Ey.nanemTe (I977 r.), B '.I'OKllO (I978 r.), B Ma.lil!COHe 

( 1980 r.) II ony6JTI!KOBaHH B ~HaJiax "H.nepHa.fl (pl31!Ka" lI 3l!AH, B rrpe

rrpHHTax n coo6merut.FlX Ollilli /I I. 
CTpyxroa II 061,er.1 ,rr.;1cce:,rau;m; ;J:ccep:-ar.:.;rn cocrc:-iT 1:3 BBe,rre!-'.;1.fl, 

trerupex rJiaB II 38KJIIC'IeH;m; cc.nepRitT :;:30 ,::TpaEl!U r:.amrncr:;:cttoro :-e,·:c.a, 
BKJI!O'Ia.Fl 27 pllCJHKOB II 8 Ta6.'ll!ll. B Clll!COK .::;neparypu ;;y_;r-,oqeHO 135 i;a;:

MeHOBaHHll. 
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. II. CO.llEPJKAIDIB )ll1CCEPI'Al{ll1 

Bo BBe~eHrrn OTMeqeHa IIJIO~OTBOpHaR pom, HlIB.JI!03HBHOro no~xo~a B 
ncc~e~oBaHHH npoueccoB MHo~ecTBeHHoro o6pa30BaHHR qacTnu. IIpnBe~eH!l 
nepeMeHHlle n pacnpe~e~eHHR, ncnom,syeM1,1e ~ onucaHHR lffiRJIJ03llBHI1X 
peaKUirn~ 

B paMKax rnnoTe3 CK8ll~Hra H npe~e~bHOll ~parMeHTauHH paccMOTpe
Hll acIDl!nTOT.lftlecKMe CBOliCTBa ~~epeHil;ITMbHblX ·ceqeHllll llHKJIJ03llBHHX pe
aKUllll. KpaTKO ll3~0~eH!l OCHOBHble no~o~eHHR MIOJLliep-pe,lll!teBCKOro no~xo
~a. MYJThTHnepn~p.lftleCKOli M KBapK-napTOHHOli MO~e~en. PaccMOTpeHH npe.n;
CKa311BaeM!Ie HMM CBOHCTBa MH0~8CTB8HHI1X npoueccoB. 

IIpnBe~eH KpaTKMfi 0~30p pesym,TaTOB 3KcnepMMeHT8.lII,HOro H3y,I8HllR 
lffiMID3HBHI1X pe8KUMll, no~eHHHX ~O HaqMa pa6OT no TeMe ~ccepTauHH. 
060CHOBaHa aK1'YaJII,HOCTb llCMe~OBaHIDI npoueccoB o6pa30B8HllR 1-KBaH
TOB M rr°-Me30HOB B ~OH-~OHHl:IX B38MMO~eilcTBM.FJX. 

C~pMy~OBaHH ue~ ~ccepTauHOHHOli pa60Tl1. 06cyx;,n:eHH Hay,IHaR 
HOBM3H8 M npaKTnqecKaR ueHHOCTb no~eHHllX pesy~bTaTOB. IlpMBe~eHH oc
HOBHHe no~o~eHM, BllHOCllMble Ha 38JIUITY• KpaTKO ·H3no~eHO C0~8plK8HMe 
~ccepTaUllll. 

ITepBaR r~aBa ITOCBffil18Ha MeTo~e npoBe~eHM 3KcnepMMeHTa. KpaTKO 
onHcaHa IIK 200 .1IflII OIDIB B MarHMTHOM no~e C H8Ilp,tll:8HHOCTbID 17000 re, 
o6~eHHaR B nyqKe u-M830HOB C MMrryJII,COM 5 rsB/c CHHXp0~30TpOHa Jia-
6opaTopmr BHcoKMx aHeprnn OIDIB. 

OITMcaHa CHCTeMa o6pa60TKH H KpHTepnM OT6opa 0061:ITMll, rrpnH~e
lK81IllIX peaKUHH (I). 0KOttqaTe~bH8R CTaTHCTHKa COCTOIIJ.18 M3 5587 up
B38MMO~eficTBllli c 7940 J~KBaHTaMH, saperMCTpMpOBaHHllMll B KaMepe_no 
e+e~-napaM KOHBepcHH. Cpe~ 3~KTMBHOCTb perMCTP8Ullll 1-KB8HTOB 
COCTaMReT 16%. 

reoMeTp.lftleCKaR peKOHCTpYRUHJI 0061:ITllll npOll3BO~aCb no nporpaMMe 
"I-6" Ha 3BM E3CM-4. Cpe~ne norpemHOCTM )'I3MepeHUR mmy~bca p , 
a3HMYTMbHoro 'f n r~6lIHHoro ~ · yr~oB BTOp.lftIHl:Ix qacTnu cocTaBJl.fIIOT 
(ti.p/p>===ro%, (ti.'f)= 0,33° n (ti.A)= 0,66°. 

Pesym,TaTH onpe~e~eHHR Mace rr°-MesoHa, K~- n /\0 -ti:acTnu .H3 
aHamrsa pacnpe~e~eHHtt no B~KTHBHHM MaccaM nx npo~TOB pacn8,I(a CBH
~eTem,cTBYIOT 06 OTCYTCTBHH CllCTeMaTH'!ecruu onrn:6oK B onpe~e~emm: KH
HeMaTH'!eCKHX napaMeTpoB J-KBaHTOB H sa~eHHHX ti:aCTHU. 

Ha Hati:am,Hoil CT8,I(llll OITMCl:IBaeMIIX ncc~e~oBaHHtt pemeHo HeCKOJII,KQ 
CaMOCTORTeJll,H!lX MeTO~qecKMX 38,I(ati:. IIepBaR H3 HllX 38ltJil)tJMaCb B 
npocMOTpe IOOOO cTepeo~Torpa@rl1 n o6pa6oTKe oTo6pamrnx 0061:ITHll c_ 
uem,ro HaKOIIJieHnR 3KCnepID/leHTMbHHX ~aHHl:IX O tip-B38MMO~ettcTBRRX C 
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o~mM saperncTPnpoBaHllllM 1-KBaHTOM; B cos.n;amm MaccnBa cyMMapHllX pe
syJII,TaToB (MCP), co.n;epxamero ~3.lr'IeCKHe X8paKTepncTmm OT,ll;eJII,HHX co-
61:IT:itlt peaKUIDI (I). Co6UTM C .I(BYMJI H TpeMll 1-KBaHTaMH 6wm: OTO6paHU 
c 230000 cTepe~Torpa@rl1. 

.llBe ~e 38,I(atJH COCTOSIJill B nc~eHHH HadJmn;aeMoro B MCP llC
KaXeHM nporropinm M8l!OJY tJHMBMR 0061:ITI!H pa~on TOno~OI'IDI H B onpe
.n;e~eHHH no~oro lffiRJIJ03HBHoro ceti:eHM • 6intf peaKUIDI (I) B YMOBMX 
OTCyTCTBM lffi~PMauHH O KOJIHtJ8CTBe tip-B3aRMO,ll;eilcTBHtt, He COilpOBO~
.n;aKIJlID(CR o6pa30BalmeM 1-KBaHTOB. 

.n.,m pemeHM aTnx 38,I(ati: npoaHMH3HpoBaH 6om,ruott O61,eM lffi~PMauHH 
0 ceti:eHIDIX up-B3aHM~ettcTBHH IlpH 5 raB. B o6~ett MOl!CHOCTH 6wm co6-
paHll .n;aHHHe o ceti:eHMX IIO KaHMOB peaKUHH. B pesym,TaTe aHaimsa 
STHX .n;aHHllx 6wr rro~eH npaKT.lftlecKH no~:ii Ha6op napU,Iam,HHx ceti:elill:H 
liP-B38llMO,ll;eilcTBI!H. 

Ha OCHOBe BToro Ha6opa ceti:eHI!H 6wm: BlltJHc~eH!l "Beca co611TH:ii", 
Il03BOJil'!BllIHe nepeHOpMHpoBaTb CO,ll;8plK8JIUieCR B MCP ,ll;aHH!le K nponopUHH, 
COOTBeTCTByRI!lett Tono~OrHtJeCKHM H napU,IaJII,HID/1 ceti:eHMRM Irp-B3aHMO,ll;eH
CTBHli npH 5 raB. 

3TOT xe Ha6op ceti:eHHil 6wr ncnom,soBa.H ~ BHtJHMeHHR 6inct = 
6I,4±2,I M6 H cpe~en MHO~eCTBeHHOCTH J-KBaHTOB <ni> = 2,58i_0,07 
B peaKUIDI '.itp-- t + X np.r 5 raB. 

IlpnBe.n;eHH oueHKH co~ePJK8~eilCR B MCP npHMecn O061:ITHil OT ~HOBHX 
pea.KUHR. B ti:aCTHOCTH, nOKB3aHO, tJTO HC.KruKeHHe ~JlMll JffiRJIJ03HBHllX pac
npe.n;e~elill:H, o6yc~OM8HHOe npHMeCbID BBaRMO,ll;eilcTBirlt Ha KBa8HCB060,ll;HOM 
npoTOHe smpa yr~epo~a. OKaBHBaeTCR BeCDMa He3H8tJHTeJil,HHM. 

BTOpruI r~aBa nocMll1eHa H3y,IeHllID 3HepreTHtJeCKOli 38BHCHMOCTH ~~ 
~peHIJ;rraJII,HOrO ceti:eHM H HHTerpanH!lX xapaKTepHCTIDt O,ll;HOtJaCTHtJHHX RH-
RJIJ03HBHllX peaKUHil 5-Cp-. ~ + X n !iCp- '.[0 + X . 

B pesyJI1,TaTe aH~Ba .n;aHHl:IX O cpe~ett MHO~eCTBeHHOCTH rr°-MeBOHOB 
<n,ro) B tip-BBaHMO,ll;eHCTBMX B JffiTepBa~e 3HeprH:ii 5-205 raB nOKa8aHO, 
tJTO BHati:eHM <n!lto) C pOCTOM 3HeprHH Y13emti:HBaIDTCR. Ilo CpaBHeHHID co 
cpe,ll;Heil MHo~ecTBeHHOCTl>IO sapmKeHHHX tJacTnu < n ch) BospacTaHHe <n1ro) 
npoHcxo~T 6o~ee Me~eHHo: BeJIHtJHHa OTHomeHIDI (nch)/(n,ro) B HH
Tep~e 5-205 raB COCTaBJifleT npMMepHO 2,2. HMeK111HeCR ,ll;aHHI18 He nosBO
JIIIIDT npoBeCTH pas.mrtJHe Mel!OJY cTelleHHHM lI ~orapHqNHtJeCKHM pOCTOM (n,ro)• 

BeJIHtJJffia napU,IaJII,HOro K03~HUHeHTa HeynpyroCTH o<no (,ll;OJIII no~
HOil 3HeprHH, YHOCHMM rr°-MeBOHaMH) Ilpl! 5 raB COCTaBJmeT 0,23±0,0I lI 
C pocTOM 3HeprHH B03paCTaeT BeCl>Ma He3H8tJHTe~HO, ,ll;OCTHraR IlpH 40 raB 
BeJIH'lllllll O, 25+0, OI. 

- 1 Ha pnc.I npe.n;cTaMeHH HHBapIIaHTH!le pacnpe.n;e~emm no pJ. 1f)lH 

1-KBaHTOB, o6pa8yRiilHXCJI B up-, Wp- H pp-B3aRMO,ll;ettcTBIDIX IIpH 3HeprHH 
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5-300 raB. Eamru:e ~Oro TIDia B8anMO.n;eilCTBHll HOpMHIJOBaHU Ha COOTBeT
CTBYJ]llHe llOJIIDle ce1Ie:mm np:n: aHepre 240 TuB. AmrpOKC.llMaIULf! 8TRX pac-
npe.n;eJieH:n:il aamrcHMocnro (A/P.1)e1Xp(-P;/B) B 06.JracT:n: 
o,or ~ Pf ~ 0,30 (raB/c)2 noxaaaJia, '!To B npe.n;eJiaX 2- xpaTHWC 
norpelIIHOCTei aHa1Iemm napru1IeTpa B He saBRcHT OT aHepre. 3ToT qrutT 
cBRAeTe,i1,cTByeT o qaxTopnaawrn ncc.rr.e.1zyeMoro pacnpe.n;eJieHRH F2 (s,p;) 
no rrepeMeHiillM S ll p: ll He3aBRC:ID,10CTll ero qx:>pMll OT 8Heprllll. 

JI.rur ll3y'!eHIDI qx:>pMll ce1IeHRH BUXo.n;a J-KBaHTOB B neHTpalll,HOH o6Jrac
Tll, ero 8aBHCHMOCTll OT ::mepre I! TIDia '!aCT~ rry1IK8 paccMOTpeHH Al!q>
ipepeimnam,HHe ce'!eHRH d6/dy*, r.n;e Y*- rrpo.n;oJII,HM dRcTpoTa B 
C,U,M, :3Kcnep:m,1eHTaJll,Hl!e .JJ;aHH!le O peaKWill (l) np:n: BHeprRHX 5, 40 II 
roo raB npe.n;cTaBJieHH Ha p:n:c.2. IIpn 5 raB ce1IeH:n:e d6/dy* B o6Jiac
TH O ~ y* ~ 0,6 .n;ocTnraeT MaKCHMYMa II B rrpe.n;eJiax norpeIIIHOCTeil COB
na.n;aeT c ce1IeHIDIM:n: rrpn 40 :n: roo raB. 06JracTb MaKcUMam,HRX aHa1IeH:m1 
d6/dy* c pocToM aHepre pacrn:n:pJrnTcH. 

Ha pnc.3 np:n:Be.n;eHH AIIiW)epeHI~8JII,HRe ce1IeHIDI (1/6;) d6/dy* .JJ;JIH 

up-, Wp- n pp-BaanMo.n;e:!lcTB:n:il. Ce1IeHHe ~ 6~ m11eeT TOT lite CMHCJI, 'ITO 
:n: Ha pHC. I. 113 .n;amrux PRC • 3 MOatHO c.n;eJI8Th BRBO.JJ;, 'ITO B IDITepBaJie 
aHepr:n:il 5-205 raB ce1IeHHe peaKWill (I) (1/6~)d5/dy* B o6JiacTH 
(0 Ee y* ~ 0,3) yTpa1IHBaeT 8aBRC.llMOCTb OT aHeprl!ll I! OT TIDia 1!8CT~ 
Ilyl!Ka. 

Ha ocHoBe aHamrna .n;amru:x, np1rne.n;emrnx Ha p:n:c.4 (AJ!qxllepeimnam,HHe 
ce1IeHRH (1/6~)S(E*d26/dp1~dpDdp~ npH Pi~~ O .JJ;JIH J-RBaHTOB B RH
TepBaJie aHepr:n:il 5-1500 raB), oneHeHa cxopocTD pocTa ce1IeHIDI BHXo.n;a 
rr°-Me80HOB B neHTpam,Ho:11 o6JracTH: B'HHTepBaJie 5-1500 rsB B08paCTaHHe 
aToro ce1IeHRH He rrpemrnaeT IS%. Taxo:11 peJJWM aHepreT:n:1Iec1toil saBHCII
MOCTR CB~eTeJII,CTByeT O CYllleCTBeHHOM BKJia.n;e M6xaHH3MOB, X8paKTepHHX 
WI/I peaKIUrll C CKJll,HHM aippeKTOM JIK.ItHPY]Ollle:111IaCTm(H. 

.IT.rur rrpoBepKH r:arroTeau rrpe.n;eJII,Hofl ~parMeHTar,;mr paccMoTpeHH ce1Ie
HR.R: peaKWill ( I} E d 6 /d Pi, B JiadopaTopHoli H aHTwradopaTopHoff cncTe-
Max np.a: 5 R 40 raB. IIoxaaaHo. 'ITO ce1IeHRe E d 6 / d Ri B odJiaCTHX 
~p8I'MeHTaIOm Ily1!Ka H MH!lleHH corJiacyeTc.lI c r.a:noTesott np~.n;eJIDH0:11 q)J)8.I'
MeHTaIJ;PIH B HHTepBaJie aHeprKlt 5-40 raB. 

Ha p.a:c.5 npe.n;cTaBJieHH nepme .n;aHHHe o AIIqq>epeHIUfaJII,HOM ce1IeHRR 
peaKWill (I) E d36/d3p , samrCJmteM O.n;HOilpeMeHHo OT .n;Byx IOO:IeMaTn-
1Iecrou: nepeMeHHHX : X = P,~ /r:a)( H P{ • Cn'JIOI!llWMK JIKHlllIMH HaHece-
Hll 8Ha1!9HRfI anrrpoKCKMKp'Jllllel q,yHIW;llll 

f (ui,X,P.1.) = a,.e-xp(-BIXI-U4 P.1.), 

B = 0.2.&xp (-03 R2)' 
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r,n;e at - 00060,IJ;HHe rrapBMeTpH. 3Ha-qaIDtf! aTnx rrapBMeTpoB 6wm IIOJIY-

'IeHll rryTeM IIO,Il;I'OHKli qJyHKIJ;m! f<at,X,p) K 3KCIIep.1IMeHT8Jll,HHM ,Il;amrnM 

M8TO,Il;OM HaHMem,nrax KBa,n;paTOB, 

IIpe,I1;JioJ1teHHM qopMa . aaBRCIDIIOCTH rrapBMeTpa HaKJIOHa B OT · p.L 
06ecrre-q.11:aaeT YMem,meHIIe B c pocToM p.L H rro;roimTem,HocTli. B 
IIp.lI JID6IDC 3H8'I8HRIIX p.l , Haii,n;eHHaJl. ~ f( Q l, X, p .i.) II03BOJI.IIJia 

rrpe,n;cTaBHTl, HC'Iep!IbIBannyro HHqX>pMaD;HID 06 HCCJie,n;yeMoil .IIHKJIID3.IIBHOH pe

lllilJ;II.II BHa.lI60Jiee y,n;o6HOil (aHaJI.IIT.II'leCKOH) qx:>pMe. 

Jl,Jm: rrpoBepK.II rHIIOT68H ~efiHMruIOBCKOI'O CKeHJIHHra B CTporoM COOT

B8TCTBH.II C ee qx:>PMYJIIfPOBKOH Heo6XO,Il;ID/IO orrpe,n;eJIHTl, 3aB.IIC.IIMOCTl, CTJJYK-

TYPHOi! qJYHimm! f (S, X, PJ.) OT S IIp.lI qimtC.IIp0BaHHllX X H p.l , 
,Itamrue o sHa'Iemmx f(s, x, P.1.) .,Il;Jlfi pelIBlJ;II.11 ( I) rrp.11 6o;ree BHCOK.IIX 

3HeprR!lX OTCYTCTBOBaJIH, B ST.IIX YCJIOBWIX Mil IIOK88aJI.II, 'ITO ,Il;Jlfi oneHKII 

oTHomeHIDI MelJUtY sHa'IeHN f (s, X, p.L) rrpn pasIDix s ,n;ocTaTo'!Ho 

.1IMeT1i ,n;aHHHe o rrapBMeTpax HaKJIOHa B .11 o sHa'!eHIDIX pacrrpe.n;eJieHIIH 

F2 (s, P;}. 
Ilp.lIBe.n;eM s,n;ec1, OKOH'IaTeJII,Hlle pesym,Ta.Tll TaKOil oneHKII, IIO;ry'IeH

HOH Ha OCHOBe ,n;aHHllX O pelIBlJ;II.II (I) rrp.lI 5 .II 40 rsB: 

- B 06;racT.11 p.L ~ 0,I5 raB/c, r,n;e B40 ~ B5 , cpyHKU.II.II 
f(s,X,P.1.) ,n;oJD1tHH coBIIa.n;aT1i rrp.11 HeKoTopHx sHatJeHWIX IXI -4: 0 • ,U,Jm: 
IXI ~ O _sHa'IeHIIe f (s,x, pJ.) rrpn 40 ran ,n;oJD1tHo 6uT1i 6om,me, tJeM 

rrp.11 5 rsB; 

- B 06;racT.11 p.L ~ 0,20 rsB/c, r,n;e B40 = B 5 , cpyHKU.II.II 
{( s, X , P.1.) rrp.11 5 . .II 40 rsB ,n;oJD!tHH coBIIa.n;a Tli rrp.11 Bcex sHatJeHWIX X • 
3,n;ec1, HH.n;eKCaM.II 5 H 40 o603H8'I8Hll B8JI.II'l.lIHH rrapBMeTpoB HaKJIOHa IIpH 

. '. 

COOTBeTC!BynIU!X sHepr.lIRX. 

B TpeTlieit rJIB.Be HCCJie,n;oBa.Ho B08MOlltHOe rrpoJIBJiellirn B ITOJIY.IIHKJIID3HB-

HHX pe~ (3) .II (4) 8aKOHOMepHOCTeH "cKeHJIHHra B cpe,n;HeM11
;· pac

CMOTpeHa··cBIISl, Me,g_,n;y ac.1IMMeTp.11eit crreKTpoB d6/d p
1
f ·n KBapKoBoil 

CTJJYKTYPOit CTaJIK.IIBruwtliXCR a,n;poHoB; RSytieHa 81IB.IIC.IIMOCT1, rrapBMeTpoB 

pacrrpe,n;eJieHWI no acconnaTHBHOit MHO~eCTBeHHOCTR B peaKU.II.II (4) OT K.II

HeMaT.II'I6CK.IIX · xapaKTepncTmt"" ,II° .:.r.ieaoHa. 

; . CorJiaC_HO :rHIIOTese ·" cKeffmmra B CP(!,n;HeMII O,Il;HO"CJ~CT.II'IHHe HHKJIID3.II:g...; 

HHe pacrrpe,neJieHHJI· (1/6)d6/d (1'11 /<. P11 ) j·, , ''.11 (1/6) d6/d (P.L/<Pi:>) ,_, 
rrpn S --+ oo B peaKUWIX MHo~ecTBeHHoro o6pasoB8.HIDI 'tJabTIIU mf .n:0Jllt--

HH. ,:saB.1IceT1, OT H8"CJ8Jll,HOH. 3Hepr:im;: OT MHOJKe·cTBeHHOCT.II BTOp.lI'IHllX '-qac

T.IIU, . a· TaKJ[e -OT- THI18, CT8JIKRBalllll.lIXCR. "CJ8CT.IIU, 3,n;ec1, H H.llllte '-Pi1 -· npo-

,Il;OJII,H8Jl KOMITOHeHT8 ID11IIYJI1ica·B c.u.M., a <ri
1
> H <P.1.>- cpe,Il;H.lle 

sHatJeHWI Pia · H P.1. • · · · ' · 
: .1 Ha pHc. 6 rrpe,n;cTaBJiemi- SKcrrep.1IMeltTaJiliHlle pacrrpe,n;eJieHWI 

( 1 /6) d 6 / d ( P11/< Pi1)) ,Il;Jlfi co6HTHH sa,n;aHHott TOITOJIOr.lI.II .11s peaKU.II.II 
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(3) B nepe,n:HeH IlOJ.IYCifiepe ( Pi, > 0 ) • Iln:OTHaJI rpymmpoBRa TOtJ:eK OTHO

CHT8Jil,HO HeKOTopott o6mett KpHBOll c~eTeJll,CTByeT O H83aBl!CUMOCTH 

(B npe.n;eJiaX norpe!IIHOCTefi) HCCJie~eM!lx pacnpe.n;e~eH:m1 ·~ 1-KBaHTOB OT 

MHOl!t8CTB8HHOCTII S8p.lDK8HlWX tJ:8CTJm, ,IJ,1m pacnpe,n;e.,remu,1 IIO Pir /( Pi,) 
B sa,n:mm . nOJIYajlepe ( Pi, < 0 ) Ha6~a,mc1, amuorIItJ:HHe cBoficTBa. 

COOTBeTCTByI(ll!Jie ,IJ;aHHHe IlpH .n;pyrIIX aHeprIDIX, He06XO,I(l!Mlle ~ npo

Beprur aHeprent'!ec1toii s~Bl:ICHMOCTH pacnpe.n;e~eH:ml no P., /<Pi,> , oTcyT

CTBYJOT, 3TO saTpy,n:HeHHe 6WIO paspemeHO CJI8,Dyl!l!IHM o6pasoM. Bo-nepBHX, 

Ha OCHOBe 8HaJIIISa IIHTerp~HHX ypaBHeH:m1 r.H.KorrwroBa, npe.n;BapUTeJib

HO npeo6paaoBaHHHX )VJ.ff OnHCaHHfl cneKTPOB 1-KBaHTOB H n°-Me30HOB B 

npe.n;cTaMeHHH nepeMeHHLIX "c1tefiJIHHra B cpe.n;HeM", 6wro no1tasaHo, i:rro 

Heaamrcm.1ocT1, OT :meprmi: pacnpe.n;e~eH:m1 no P,.f<Pi,> u P.L/<P.L> ~ 
n°-MeSOHOB npHBO,nliT K H838BI!CHMOCTH OT 9HeprHH aHMOrHtJHHY. pacrrpe.n;e

~eHID1 ~ J-KBaHTOB, 

Bo-BTOpHx, pacrrpe.n;e~emm (1/6)d6/d(Pii/<P11)) wm: n°-Meso-
HOB HS peaKIUm (4) 6wm BOCCTaHOMeHH {c IIOMO!lll,IO COOTBeTCTB8HHO 

npeo6pasoBaHHoro IIHTer~Horo ypaBHemm) HS .n;aHHHX o pacnpe.n;e~emmx 

~ 1-KBaHTOB B pearourn (3). BoccTaHOMeHHIW pacnpe.n;e~emm: B npe.n;e

~ax rrorpe11IHocTett COBIIamI c pacnpe.n;eJieHRRM,,: (1/6")d6/d (Pi, /(P.1)) 

~ Ir -MesoHoB HS pp-Bsam.m.n;ettcTBltit np11 I3-300 raB. 3To co:arra.n;emm 

B c~ npHBe.n;eHHHX Bblille YTBepliU(eH:ml CBH.JJ;eTeJibCTBOBMO O HeSaBHCHMOC

TH OT 9HeprHH pacnpe.n;e~eH:m1 no Pi1 / ( P.1) ltaK ~ n°-MeSOHOB, TaK H 

~ J-KBaHTOB, 

Ms .I{aHHHX, npHBe.n;eHHHX Ha PRC. 7, BH.JJ;HO, tJ:TO pacrrpe.n;e~emm 

(1/6)d6/d(P1./<P1.)) · · ~J-KBaH--roB HS 'peaKIUm (3) B·npe.n;e~ax m~t
pemuocTeil He saBHCJl:T OT MHOlK8CTB8HHOCTH 38p.lDK8HHl1X ti:acT,m. Ha OCHO

Be ruramrna :mepreTH1Iec1toit sarorcm.1ocTH pacrrpe.n;e~eHHii no P.L /< P1.} 
6wro IlOK83aHO, tJ:TO pacnpe.n;e~emm {1/6) d6/d(P.1./<P1>) )(JJJl: 
TI°-Me30HOB H J-RBaHTOB He SaBIICJl:T TaKJKe KOT 8Heprim B HHT6pBMe 

5-300 raB. 

IlpH CTOJIKHOB8HRH tJ:8CTJm H80,ll;IIHaKOBOH M8CCH CII8KTp IlpO.I(OJil,HHX l!M-

rrym,coB BTOpKtJ:HHX tJ:aCTHU B c.n.M. d6/d Pit acnMMeTpJll!eH OTHOCH-. 

TeJil,HO TOtJ:Kl! Pi~= 0 • Acm.tMeTpHll 38ltJmlI88TCJl: B TOM' tJ:TO napaMeTp 

H81U[OH8 B= !Hn(do/dP.7)/ap:1 B 38,I(Hett IlOJIYCifJepe ( P,7 .(. 0 ) 
6om,me, '18M B rrepe,n:Heff ( p

1
~ > 0 ) • 

Cor~CHO a.n;,nRTHBHOll KBapKOBOll MO,IJ;eJm 8.n;poHOB CYl!18CTBY8T CIICTeMa 

OTC'ieTa, .ztBHlltYll{aJICJl: B,ItOJil, HanpaM8HM HMrryJil,Ca rrepBHtJ:HOit 'iaCTIW,i, B 

KOTOpott CllMMeTpll:Jl: BOCCTaHaBJIHBaeTCJI, B aTOH CllCTeMe OTcqeTa rrapaMeTp 

R=-PT/Pe , r.1te PT (Pp) - :m.mync tJ:acTm:iµ Mm11eHH (Ha.ne-
TaK1J1efi qacTm:iµ), IIanpHMep, B CJIYtJ:88 Ilp- ll Kp-B3aHMO,IteitcTBHit npIIHHMa

eT SHa'!eHHe I,5. Ha .n;amrax O cneRTpax sapm1teHHHX IDIOHOB B Ilp-BSaHMO-
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.1teffcTBHJIX B mITep~e 5-60 raB 11)U{ R CIAMM , o6ecneinmaJlllero cm.!MeT-

pHI) cnexTpa d6/d P,* , llOJ.IYtJ:eHo sHatJ:eHne I, 75. 
CRcTeMa oTctJ:eTt B KOTopoff cnexTp d6/d Pi~ .ItJlll J-KBaHTOB Ks 

peaKtl;lm {I) CTalIOmITCJl: Cl!MMeTpKt!HHM, X8paKTepHsyeTCJi SHaqemreM 

RcMMH = I, 77.:t0, IB, cor.nacynitHMCH c !3e.mrnmoff Rc·MMM , ·nOJiytJ:eHHo! 
,ItJllI Cll8KTpoB SaplDleHHHX IDIOHOB. Kroc :e::3BeCTllO, CHMMeTpl'['lll{!llt cneKTp 
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d6/dp: ,nJlfI 1-KBa.HTOB nopollf,I{aeTCJI cllM!lleTpwruw cneKTpoM n°-MeaoHOB, 
3TH qrutTH CBH,I(eTeJII,CT:sylOT O co~a,nemm CllCTeM OTC'!eTa, B KOTOJ)HX 
cneKTpH d6 /d p; ,nJlfI II°- H Ir-MeaoHOB c:m.t,!eTJlll1llill H corJiacymCJI c 
npe,ncKaaaHrun.m 8,IQ:IRTHBHO:ll KBapKOBOit MO,ne.mr. 

Pacnpe,neJiemm d 6 n / d M ~ ,nJlfI peroanm ( 4) c aa,naHHoit MHoxe-
CTBeHHocT1,ID sapruitemrnx -qacT;m n ( M ~ - KBa,npaT He,nocTalllJle:ll Maccu 
K rr°-Mesoey), Hcnom,soBaHHHe npH Bbl~cJieHRH pacnpe,neJieHRit no acco
UHaTHBHo:ll MHOJKecTBeHHOCTH ;i.) Pn ( M~) , 6HJIR ooccTBHOBJieHH HS aHaJio
rn~x pacnpe,neJiemrll 1-KBaHTOB B peroanm (3). MeTo,n BoccTaHOBJiemm 
OCHOBaH Ha ynoMHHaBDmXCJI BHllle HHTerpam,HHX ypaBHemmx r.H.KOTIHJIOBa. 
HanOMHllM, 'ITO 3KcnepHMeHTaJII,HHe ,naHHHe O pacnpe,ne;remmx no MHOlK8CT
B8HHOCTll sapruiteHHHX -qacT;m, acCOUHllPOBaHHHX C n°-MeaOHOM, pa.Hee 6HJm 
noJIY'IeHH TOJII,KO npH 3HepI'RffX I S R . 

Ha pHc.8 npHBe,neHH sKcnepIDJJeHT8JII,HHe ,nrurnue o cpe'AHe:ll accoUHa
THBHO:ll lllliOJKeCTBeHHOCTll < n (M~ )> B perua.nm (4) H peroanm 
S(p- liC + (n-1) + X npH 5 rsB, a T810Ke ,namrae o cpe'AHe:ll MHolKecT
BeHHocTH sapRJKemrax -qacT;m <n(S)) B Irp-BsaHMo,ne:llcTBRRX. 3Ha'!emm: 
<n(M!)> ,nJlfI peroanm (4) coBIIa,naIOT B npe,neJiax norpeinHocTe:ll co sHa
'!eHR!IMll <n(s)) B HHTepBaJie (2~ S ~ 9) Tolf H co cpe'AHeit MHoxecT
BeHHOcT1,K1, accoUHHpoBaHHo:ll c Ir-MesoHOM. Hanrn: ,naHHHe xopowo corJia
CYl)TCJI C saBHCllMOCTI,I) < n ( M;)) = a+ g fo M ! , npe,ncRa8HBaeMoit MO,ne
JlfIMll My-Jil,TmiepHq>epll'leCROrO Tmia ( X2 /<m.CJIO TO'l8R = I,6/8), 

-.... 
I: 
-; 

3 

u2 

j 

+ 

JTp-Jf°+X 
1 

5 ToB/c 

T \ t 
C2 .~ 
♦ ♦ 

C3 .,,,,,--
♦ 

• • 
• . ). 

2 4 6 1 8 10 
• 2 
Mx, raB2 
PKc.9 

*) aztec1, H HHllte B pacnpe,neJieHRSIX Pn(M!) II HX napaMeTpax saBHcH
MOCTI, OT S pa,Itll npocTOTH He YJC8.8HBaeTCJI. 
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KoppeJIJIIJ;Im no MHOJKeCTBeHHOCTll Mellt,Ily acCOUHllpoBaHHHMll sapruiteHHH
Mll -qacT;maMH B peaRUHH (4) 6HJIH paccMOTpeHH C nOMOlJlI,10 Koppe.JIJUmOHHO
ro HH1erpa;ra f~c= (n.(n-1)>-<n>2 . IloKa3aHO, "!:TO 3aBHCHMOCTI, f;c 
OT M X onpe,neJIJieTCJI B OCHOBHOM noporoBHMH a@eKTaMH H 38KOHaMH 
coxpaHeHHJI 8He~rllll-m.myJI1,ca. • 

.Jlm:I H3Y1JeHHJI Borrpoca O B03MOlltHOM rrpoJIBJieHHH'3aKOHOMepHOCTe:ll 
KHO-cKellJIHHra B pacnpe,neJieHHH Pn(M!) ,nJlfI peruunm·(4). 8H8JIH3HpO
BaJiac1, aaBHcHMocT1, HOpMHpOBaHHHX MoMeHTOB · CK(M~)=(n(M~l)/<n(M!)/. 

OT M! • MoHOTOHHoe YMeHI,WeHHe C2. (Mi) K C3 (M~) c pocTOM Mi 
(CM, pHc.9) CBH,I(eTeJII,CTByeT O HeBblnOJIHeHHH KHO-cKe:llJIHHra B pacnpe,ne-
JI8Hllll Pn (Mi) . · 

B '!eTBepTo:ll rJiaBe npe,ncTaBJieH BilBO,ll; HHTerpaJII,HOro ypaBHemm, KO
TOpoe cMsHBaeT ",nBY14epHoe" ,ll;ll@)epeHIUiaJII,HOe ce'!eHHe o6paaoBamm He
cTaelHJII,HHX -qacT;m d 26/d E dPi1 c TaKHM lite ce'!eHHeM ,nJlfI rrpo,nyKTOB HX 
H80TpOIIHOro.pacna,na Ha napy MaCCHBHHX '!aCTilll;. 

HHTerpam,Hoe ypaBHeHHe .TIOJIY'IeHO. Ha.OCHOBe CTaH,napTHoro HHTerpa
Jia COCTOJIHH:ll 53 ,nJI.fl· CHCTeMH H8 Tpex '!aCTlll;, o6pa3YlllJlHXCJI B peaK
UHH 

a+B--c+X. 
L..t +e1 . 

ITocJie,nylllJlHe npeoelpaaoBaHHJI 5 3 rrpoBe,neHH B rrpe,nnoJio~eHHll, 'ITO 'lacTH
IJ,U a H & He rroJIJipHsoBaHH, pacna,n C - £ + l 1 npoHcXO,ll;HT Hao
TporrHo H perHCTplipyIOTCJI TOJII,KO '!aCTHIJ,U THTia e 

IlycT1, M , E , P.1 o6oaHa'!aIOT Macey, sHeprHIO H rrpo,noJII,HyIO 
KOMTIOHeHTy HMIIyJII,Ca -qacT;mH C ; a m • w ' K II ' - aHaJIOrll'IHHe xa-
paKTepHCTHKH '!aCT;mH f_ , 1faCTJ:ma e 1 HMeeT Macey ffi 1 • B 3TllX 0608-
Ha'!eHHJIX nOJIY1!8HHOe llHTerpam,Hoe ypaBHeHHe HMeeT BH,I( 

1 d2.6 ·. M )E+ \P+ 1 1 d26 
--- = - dE d -============== - -- , 
6 dwdK 11 251'1<"' E p Pi1 ~(E2-M2-P.2)·1w2.-m2.-K2)-R2. 6 dEdP, (5) 

· - - . 11 \ 11 II 

R = E.w-Pi1K11 -(M
2+m2-m~)/2, 

E+=.ll·(WVK*2+ m2 :t K*Jw2-m2) 
- ntl . ' 

P:!:=~(KuK:i :I;: ~W
1
-m~-K~ Jw2-m2-K;l2 ), 

r.ne K*~ (1/2 MHM2- (m+ m1 )2 J M2.- (in-ni1)2 - m.mym,c -qacT;mu ~ 
B cHcTeMe noKoJI -qacTmui C; K~1=(1NE1-M2.)[Ew-(M2+m2-m~)/2]- npo-
eKUHJI m.mym,ca '!acT.IID,bl t Ha m.mym,c 'laCTHinl C • · · 
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Pacnpe.ne.rremrn no E H f.
1 

npocT!lM o6paaoM CBII3a.HO c HHBaP,HaHT
HHM .nn:qxpepeHIJ;l'IaJII,HHM ce~eHHeM B c.n:yqae He3aBHCHMOCTH nocJie.IJ;Hero OT 
aaHMYTam,Horo yrJia 'I' : d2 6/dEdp

11 
= 2.'.ll(Edl6/d3p). 

IlOIW3aHO, ~TO mITerpHpoBaHlle ypaBHeHIDI ( 5) no O.IJ;HOii H3 nepeMeH
HHX Kn ~ w npHBO.IJ;HT K HHTerpam,H!D.! ypaBHeHIDTh! r.H.KolllJJIOBa 
,n.lill "o.IJ;HoMepHHX" pacnpe,neJiemm d6/dE H dG"/clPi1 • 

lLJm BllCOK03HepreTif!I8CKOH OMaCTH cneitTpa ( W>> M ) ~8CTIDm e , 
HMell!leii HyJieeyro Macey ( m= O • W =- K ) , Haii.neHo pememte ypaBHeHIDI 
( 5) 

1 d
2
6 I _ 1 a [K 1 d

2 
6 ] 

6 dEdPi
1 

E=°'K,Pi,=°'Ku -- o<.2 3K 6 dKdK 11 ' 

(6) 

r.ne o<. = M/2 K*. 
Kor,na Macca ~8CTH!W e1 paBHa HyJIIO ( m1 = 0 ) , TOr,na napaMeTp 

o(. = 1 H ( 6) npeBpamaeTCSI B H3BeCTHyIO cpcrprzyJIY. IIlTepHXeiiMepa. KOTO-
paSI n:cnom,3yeTCSl D H8CTOSI1Itee npeMSI ,n.lill BOCCTaHODJI8Hlm .nn:qxpepeHIJ;l'IaJII,
HOro ce~eHM o6paaoBaHHSI rrO-Me3oHon na aHaJior~oro ce~eHHSI ,n.lill 1-
KDaHTOB. IlpHMeHeHH8 ypaBH8HM (5) ,n.lill pemeHM Il0.IJ;06HHX aa,na~ IlO3BO
JISI8T OCBO6O.IJ;HTLCSI OT orpaHH~eHHii, BO3HHKa!(JJUIX npH HCITOJ!b3OBaHHH qx:>p
MYJIH lliTepHXeiiMepa, ·cnpane.IJ;JIHBOii TOJ!bKO .IJ;JISl BHCOK08HepreTITT8CKHX·06-
JiacTeii cneKTpa 1-KBaHTOB H rr°-M830HOB. 

III. OCHOBHIIB PF2YJThTAT!1 

l. BllnoJIHeH KOMilJI8KC MeTO.IJ;H~eCKHX paapa6oTOK, BRJllOqa!(JJUiii: 
- CO3.IJ;aHH8 "HHKJII03HBHOro" MaCCHBa Cyr.1MapHHX peayJILT8TOB (MCP), 

co.nepllt8lllero qlli3HqecKHe xapaKTepHCTHKH OT.IJ;8Jll,HHX co6HTHii,peaiunrn 
'.i(p- o + X npH 5 raB; co6HTIDI OTO6paHH B xo.ne npocMOTpa 230000 
cTepeoqx:>TOrpaqMii; n o6meft CJIOlKHOCTH B MCP BKJilOqeHO 558? co6HTHit c 
?940 1-KBaHTSMH; 

- aH8JIH3 061ItHX xapaKTepHCTHK 8TOro MCP C U8Jlbl0 ~eTa norpemHOC
Teii, o6yCJIOM8HllliX: aHll30TponHeii ycTaHOBKH OTHOCHTeJ!bHO 3q4)8KTHBHOC
TH perHcTpanmt 1-KnaHTOB; 38BHCHMOCTLIO 3q4)8KTHBHOCTH npocMOTpa H no
TBPL co6HTHit B nponecce o6pa60TKH OT TOnOJIOrHH co6HTHSI; npHM8CI,J) qx:>
HOBHX pea.KUHii H T.n. 

2. Onpe,neJieHH HH!tJII03HBHOe ce~eHHe o6p83ODaHHSI 1-KBaHTOB 6tncf = 
(61,4±2,l) M6 H HX cpe,nH.llll MHO~8CTB8HHOCTL <n~) = 2,58±(),0? B pe
aruntH :i'Cp--+ X + X npn: 5 raB. 
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3. O6HapyxeHO CBOHCTBO qia.KTOpHayeMOCTH no nepeMeHIDIM S H P.{ 
B R¥.BaPHaHTHOM pacnpe,neJiemm F2 (s, pf) .nJISI 1-KBaHTOB, o6pa3Yll!IHXCSI 
B Irp- H pp-B3aHMO,neiicTBHSIX B HHTepBaJie 8Heprrut 5-300 raB. 

4. funOJIH8HO CHCTeMaTn:qecKOe HCCJie,noBaHlle 8HepreTif!IeCKOil aanu
CHMOCTU .nn:qxpepeHUHaJII,HOro ce~emm o6pa30BaHIIB 1-KBaHTOB B neHTpam,
HOH O6JI8CTH. Ha OCHOBe cpaBHeHHSI .IJ;aJIHHX O llp-B38HMO,neiicTBHSIX npH 
aHeprHSIX E~-~ 5 raB c ,naHHHMH o pp-BaaHMo,neiicTBHSIX npn: aHeprHSIX 
E p ~ ?O raB noKa aaHo, qTo B npe,neJiax 9 % norpemHocTett: 

- n HHTepBaJie 3Heprd 5-205 rsB ce~emi:e He 3aBHC.IIT OT aHeprH.II .i: 
OT THna ~acTIIU ~; 

- B HHTepBaJie aHepr.liii 5-1500 rsB ce~emi:e xapaKTepn:ayeTcSI aa
Me.n;.neHHHM - no cpaBHeHUIO C ce~eHHSIMH 3apmKeHHHX ~aCTUU - pOCTOM 
(OKOJIO 15%); . 

- noapacTaHHe ceqeHHSI wxo.na rr0-MeaoHon n neHTP8JlbHOii o6Jiac-
TH npn yne~eHHII aHeprH.II c 5 .no 1500 raB He npeBIIl.IlaeT = 15%. 

5. IIo~eHH nepwe ,naHHHe o ".neyMepii:oM" .nn:cpcpepeHUHaJ!bHOM ceqe-
HHH (E*/jiP:ax) d

2 6/dXd pf .nJISI peaiunrn 5(p- i + X . Haii.neHa 
aHaJIHTH~ecKaSI ~. OITHCHB8KIUrui 3TO ce~eHHe B H3MepeHHOii o6JiaCTH 
-0,4 ~ X ~ 0,6 H 0 ~ P.1. ~ 0,56 raB/c. IloKaaaHo, ~To n onpe,neJieHHHx 
o6JiacTSIX H3MeHeHIDI X H P.1. ce~eHHe He aamrnn:T OT aHeprH.II n HHTep-. 
BaJie 5-40 raB. 

6. Bnepwe .IJ;JISl peaimaii C o6pa3OBaHlleM 1-KBaHTOB H rr°-M830HOB 
( '.if p- X + ncn + X H '.iCp- 5i: 0 + nch + X npH 5 raB) O6Hapy,K8HH 
aaKOHOMepHocTH, npe,ncKaaHnaeMHe rHTioTeaoii "cKeiiJIHHra n cpe.IJ;HeM" .nJISI 

cneKTpon no P,: H P.L • TeM caMHM pacumpeHH rpaHmm npRMeHitMOCTH 
"cKettJIHHra B cpe.IJ;HeM" KaK no .nn:anaaoHy 3Heprllii (5-300 raB), TaK H no 
T,my peaKUHii. 

?. BnepnHe npH aHeprnn: HIDKe 500 rsB Ha~eHH pacnpe,neJieHM no 
MHOl(8CTBeHHOCTH 3apIDK8HHHX ~aCTIIU ncn , acCOUHHpOBaHHHX C rr°-Me3o
HOM. B ~aCTHOCTH, .nJISI pearuntH 'JCp-:rr0 +nch+X IlpH 5 raB IlOKa-
3aHO, ~TO: 

- 3Ha~eHIDI <ncn (M~ )) conna,naIOT co cpe.IJ;HHMH 3Ha~eHHSIMH noJI
HOH MHOJteCTB8HHOCTH 3apIDKeHHHX ~aCTIIU < tlcn (S)) B HHTepBaJie 
(2 ~ s ::G 9) raB2; . 

2 
K 

' 2 K 
- noBe,nemi:e MOMeHTOB <nch(Mx) >/<nch(Mx)) He corJiacy-

eTCSI c Tpe6oBaHIIBMH KHO-cKeitmrnra .nJISI pacnpe,neJiemm Pnch (Mi). 
8. Torne,neHo Honoe mITerpam,Hoe ypaBHeHHe, ycTaHaBJIHBall!lee CBII3L 

MeJK,IJy 11.neyMepHHM" .nn:cpcpepeHUHaJILHHM ce~emteM o6pa30BaHlUI H8CTac5H.JIT,HHX 
qacTIIU d2 6/dE d Pi, H aHaJiorHtIHHM ce~eHHeM .nJISI npo.nyKTOB :.rx n:ao-
TporrHoro ,neyxqacT~oro pacna.na. 

15 



9. IlOK838HO, ~TO rrpHMeIDieMHe paHee ~ BOCCT8HOBJI8HM crreKTpa 
rr°-MesoHoB l:!3 crreKTpa 1-KBaHTOB cooTHOllleHrur (~ 11 0,IUioMepHUx" crreK
TpoB d6/dE , d6/dPi

1 
) l:! rrpl:!6JOOKeHHHe qx>pMyJrn (~ "~epHUx" 

crreKTpoB) HB.JIRIOTCR ~8CTHHM CJiy'1aeM'rrOJiytieHHOro HHTerpaJii,Horo ypaBHe
H.IDI. 
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