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BBEllEHHE 

B TIOCJleii;HHe HecKOJibKO JleT CHJibHO B03poC mnepec K HCCJie.u,OBaHHlO 

y3KHX ,IUI6apHoaoa. 3ToMy aonpocy noCBRII.J;eH I..teJibt:H: pn.n 3KcrrepHMeH
TaJibHhtx pa6oT 1 BblnOJlHeHHbiX pa3JU:IliHbiMH MeTO,I:UiKaMH /l - l 0 I. 

H3 3Ha.JIH3a HMelOillHXCH 3KCnepHMeHTOB MO)KHQ C.IJ,eJiaTb HeKOTOpbte 

BbiBO,llhi: 

1) . CHrHaJibi aT Y3KHX ,n;H6apHOHOB aa6mo.UaJOTCH a lliHpoxoM ,n;Hana-
3oHe 3<P<PeKTHBHbiX Mace - OT CYMMbl Mace nBYX HyKJIOHOB ,llO 3HQtleHIUi 

"" 2300 M•Bfc' . 
2), .[I;H6apHOHHbiX COCTOmtmi OtleHb W'!OrO. B KatleCTBe OI.J;eHKH MOX<HO 

npmutTh, lfl'O qepe3 Ka:>K.IJ;&Ie 7-:- 10 M3B/c2 Ha6mo.naeTCR CHrHan aT Y3KOro 

,nH6apHOHHOrO COCTOmtiDI. BOJiblll3.JI TIJIOTHOCTL AH6apHOHHblX COCTOmtHfr: 

npe.D;CKa3biBReTCR BCeMH TeopeTHtlecKHMH MO,lleJlRMH, B KOTOpbiX paCCMRT· 

pHBaeTCR ,llaHHbtii Bonpoc ( 0 TeOpeTHtleCKHX TIO,llXOJlax 6y,tJ.eT CKa3aHO HH)Ke) • 

3). B HRWHX pa60TRX1 B KOTOpbiX paccMaTpHBaJIHCb ,llHIIpoTOHHbie 

coc.fomtHR /l- 3 I, Mbl YTBep)I(,[I,aeM, lfl'O HX HCTHHHbte lliHpHHbi, onpeneneHHbte 

flOCJie BbltrnTaHHR H3 3KCnepHMeHT8JibHblX UIHpHH paapeUietUiR flO MaccaM, 

He npeBbllliBJOT OWH60K H3MepeHHH. 3TO rrpHBOllHT K BbiBO.ll8.M 1 lfl'O aa6mO· 

naeMLie COCTOJIHHR MOryT 6biTb Ol.leHb Y3KHMH, T.e. BepOHTIIOCTH HX pacna

.llOB, CKIDKeM, Ha ,[I,BQ flpOTOHa, MOryT 6LITb Ha 2 ..;- 3 nOpHJlKQ MeHbWe 06bil.I

HbiX BepOHTHOCTeii, o6ycJIOBJieHHbiX CHJibHbiMH B33.HMO,lleii:CTBR?IMH. 0TCto.lla 

H 6oJibWOH: mnepec K flOHCKy H HCCJie,IlOBaHHlO TQKHX COCTOJtHH:H, T .K. ecJIH 

B OCHOBe 3tl>tl>eKTOB Jie)IQ!T CHJibHbie B3aHMOne:HCTBHH, TO, CJieJ],OBQTMbHO, 

aa.no ycraHOBHT& npmumy aanpe-ra aa pacna.nLt no CHJlbHOMY KBH8Jly, ecnH 

JKe B OCHOBe Jie)IQlT 3JieKTpoMarHHTHbie B3QHMO,Ileit:CTBIDI, KQK npe,IlJlO)KeHQ 

s pa6oTe B.A. Ap6yaosa H .np.119 1
, TO Tpe6yercn cymecmeaao H3MeHHTb 

HalliH npe.ncTaBJieHHR 0 CTpyKType caMHX 3THX B3a.HMO.D;e:HcTBmf (npHpo,Ila 

3JieKTpoMarHHTHoro saxyyMa). 

K co)I(QJJettHJO, no,llaBJUIIOillee 6on&wHacmo asTopos npHBOll.fiT JIHW& 

3KCnepHMeHT8JlbHbte WHpHHbl, CBH33.HHble C paapeWeHHeM yCTQHOBOK no 

MaCCa.M. 3To BJieqer 3a Co6o:H 60JibWO:H paa6pbc B QHTHpoBaHHbiX ,u,a.HHhiX 

0 WHpHHax pe30H9.HCOB H CHJlbHO 38.TyWeBhiBaeT pea.JibHYIO <IJHaHlleCKYIO 

KapTIIHY •4>4>eKTB.. 
4). Ha-aa HaJIH'IHR CHCTeMS.TH'IecKHX OWH6oK, npHCyll.lHX KOHKpeT

HOMY <IJH3HtlecKOMY 3KcnepHMeHTy, aaTpy,llHeHo npRMoe conocrasnetme 

3HQl.leHHii MQCC H lliHpHH pe30H8HCOB H3 pa3HblX OflhiTOB, XOTR B HaCTOHillee 
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apeMR Ha6monarorcR cosna.nemm HeKotophiX 3HalJeHHH Mace pe30HaHeos 
B pa3HhiX JKcnepHMeHrax e roqHocthiO ± 2 MJB/c2 

• 

5). K pa36pocy JKenepHMeHtaJihHhiX Mace H WHpHH npHBOJlHT TaK>Ke 
He,llOCT3TOK ctaTHeTHKH B pR,lle 3KCI1epHMeHTOB H nJIOXOe OTHOllletiHe J$cPeK
T3 K cPoHy. noene)lHee 3aMe1f3HHe OTHOCHTeR oeo6eHHO K HHKJII03HBHhtM 
IlOCT3I-IOBK3M OilbiTa C R)lp3MH B 1<3lJeCtHe MHUleHefi HJIH CH3PRJlOB. Boo6me 
B peUleHHH TOHKOH cneKtpoMeTpHlJeCJ.(OH 3azl3lJH, B KOTopyiO npeBpant:JI3Ch 
npo6neMa y3KHX nH6apHOHHhTX pe3onancos, Heo6xo.nHMa, no-BH.Il.HMOMy, 
3KCKJII03HBH3H I10CT3HOBK3 OllhiT3 B HyKJIOH-HYKJIOHHbiX B33IiMO)letfeTBHRX. 

6). Qqel-lh BIDKHOi1 B H3CTOHIUee apeMH HBJIHetCR npo6JieMa MeKBaT
Horo npencrasnenHR cPoHa. B 6onhrnHHCTBe JKenepHMeHTOB .D.JHI cPoHa 
Bht6HpaeTCR IlOJlHHOMHaJihHaJI annpOKCHM3IJ;HH, lJT01 B006llle rOBOpR, ,ll,OCTa
TOQHO ,UJIR 110HCK3 3¢cPeKT3, HO CT3THCTHQeCKHll 3.HaJJH3 COOTBeteTBHR Bhi-
6paHHOrO npe,lleTaBJieHHR cPoHa H BepORTHOeTH Ha6JIIO.UeHHhiX 3clJ¢eKTOB 
B 6onLwHHcrae cny'-mea npoae.rr.e1-1 He.noetaroqHo y6enHtenhHO. 

B naHHoH pa6ore Mhi nonhiTaJIHeh B e,IJ;HHOM MeTO.llHt-IeeKoM no,IJ;xone 
Hcenenoaath WHpoKHH mmna30H J¢¢eKTHBHhiX Mace cncreMhi nsyx nporo
noa e 1\eJihlO IlOHCK3 Y3KHX pe30I-I3HCOB. no B03MO)f(J-10CTH yttTeHhi see He
JlOCT3TKH npe)lhT.Il.ytilHX 3KcnepHMeHTOB, nepettHCJieHHbie B nyHKT3X 1) --6) . 
JlaHO T3KiKe epaBHeHHe C CylJleCtBytolUHMH teopetHlfeeKHMH MO.ZJ.eJIRMH. 

3KcnEPHMEIIT 

Marepnan nonyqen c 1-MetpoaoH sonoponHoi.f nyJLipLKoaoi.f KaMepbi 
JIB3 OHHH, o6nytremmH MOHoxpoMaTHtrecKHMH uei.ftponaMH H3 cHHXpo
cPa3otpoHa JIB3. HelltpOHhi nonyqarorcR B pe3yJILTare etpHnHHra nei.froHoB, 
ycKopeHHhiX B eHHxpo¢la3otpoHe, Ha BnyrpeHneH MHllleHH H3 Al KaMepa 
pacnonoiKeHa na pacctorrHHH ~120M or MHWeHH. TenecHhti.f yron 1-1a MH
UJeHh ""'=:: 1o- 1 cp OKOJIO 0° 110 OTHOWeHHIO K tpaeKTOpHH nei.ftOHOB B YCKO
pHTene B T04Ke pacnoJIOiKeHHfl MHllleHH. Pa36poc HetftpOHOB no HMTIYJlhC3M 
npH aeex 3HeprHRX ~pn /P n "t:' 3%. Eonee rio,npo6Ho neHtpoHHhti.f Kanan 
JIB3 onHcaH B 12 1 1

, 

He6onLmoH pa36poc no HMnynLcaM H otreHh xopowee 3Hat-me nanpaa
neHHR Kanana HeHtpOHOB 110 OTHOI.UeHHIO K OCRM K3Mepbl 1103BOJlfllOT npH
MeHHTh x 2 -npou;enypy K Bhi)leneHHIO 3l<CKJil03HBHhTX peaKl\HH. Pacnpe.n.ene
HHe x 2 )lJlR peaKl\HH nma np + ppn-, r.n.e B KOHI.\e JaperncrpnpoaaHhT see 
lJ3CTHIJ;ht, IlOJl:QHHHeTCR X2 ·pacnpeneneHHIO e 4 eTeneHffMH CB060,IJ;bl, peaK-
1\HH THna np • ppn- no , r.n.e ectb o.n.na neHTpanbHaR He3aperncrpHpoBaHHaR 
traetHQa,~ x 2 -pacnpe.n.eneHHIO c o.n.HoH cteneHhto cao6o,IJ;hL 

Ha pHc.1 npnaeneni,J x 2 -pacnpe.n.eneHHR nnH peaKl\HH np + ppn- (a) 
H np + ppn- rr o (6) rom P n = 2,23 f3B/c. TaM )f{e cnnoUJHhiMH JIHHHHMH 
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PHc.l. PacnpeneneHHH x2 JJ)lR rnnoTe3bi peaKUHH n'p • ppTr (a) u nna runoTe3bl 

np • pp7T-7r 0 (6). CmtOWHbie KpHBbJe - TeopeTuqecKHe x? -pacnpe,D;eneHHR wut 4 (a) 

H 1 (6) CTeneHeii CB060,nbi. 

l:l306pa)KeHbl TeopeTHt~ecKHe X2 -pacnpe,neJieHH.fl AJUI 4 (a) H 1 (6) CTeiieHefi 

CB060,Il,bl. )l.JUI Bbi6paHHbiX rpa.HH'tffibiX 3HalleHHii X~ <12,5 ,[VIR (a) H <6,5 
]J)lH (6)) .? paBHbl 4,01 H 1,04, )IHcnepCHH yD-~ Z,S2 H 1,35, XOpOUlO COB

na,llaJOII.lHe c O:>KH.UaeMbiMH TeopeTHlleCKHMH 3Hallem1HMH. CornacHo 
npHHHTOft HaMH npouenype Pa3neJieHHH KaHaJIOB peaKUlfH, ripH KOTOpofi 

or,uaerca npenrrotrreHHe rHIIOTe3e, ynoaneraopHIOll.leH ·qerbipeM ypanHeHHHM 

CBH3H, nepe,n; rHIIOTe3oH, YAOBJieTBOpmollleft O.UHOMY yprumemuo CBH3H1 

BCe C06biTH.fl C Xi < 12,5 H O,D;HOBpeMeHHO C Xl < 6,5 OTHOCIUIHCb K peaK

IUiH np + pprr-
12 2 1

• CoeibJTHH, B KOTOpbiX OAHOBpeMeHHO YAOBJJeTBOpH

IOTCH rHnoTe3bi o Ka.Hanax np + ppTT-TT 0 H np + npTT+1T-, OTHOCRJJHCL K nep

BoH H3 3THX .UBYX peaKu;HH. CnpaBe,ll,JlHBOCTL 3Toro wara ,uoKaJbiBanach 

aHaJIH30M cneKTpOB He,UOCTalOI..IJ;HX Mace B TaKHX "Hepa3,UeJieHHbiX" C06bi

THHX H H,UeHTH¢lHKau;Hei:f. l.laCTHIJ; TIO HOHH3ailHH. B pe3yJJLTaTe npHMeHeHHH 

BCero KOMTIJJeKCa npou;e)J;yp ,IlJIH H,UeHTH$HKaiJ;HH KaHaJIOB peaKIJ;Hi:f. npaKTH

tteCKH BCe C06biTHH OTHeceHhl K KaKOMY-TO O,UHOMY TYmy peaKIJ;Hi1. I1o,upo6-

Hee CM. 12 3 I. 

B Ta6n. 1 npHBeneHhi JHaqemm: HMnynLCOB nanaron.IJ'IX HeHT-pOHOB (nep

BaJI KOJIOHKa) H tmcna co6biTHH peaKUHH np+ pp1r- H np+ ppTT-7T 0
, oTo-

6pa.HHbiX B o6nyqeHHHX C ,ll;aHHbiM 3Hal.leHHeM HMTIYJibCa (BTopaH H TpeThH 

KOITOHKH), Bcero OT06paHO 20644 C06b!THH. 
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¢JyHKUHH pa3pemenHR no MaccaM onpenenReTCR o6hilfHhiM o6pa30M: 
1 

R(<'>M) ~I-- exp [- (t>M)'/2a'J P(o)da/JP(o) do, (1) y'l.rr a • 

rne 6. M - pa3HOCTh Me)K)ly 3t<:cnepHMeHTaJILHhiM 3HalfeHHeM 31f>lf>ei<THBHoi1 MaCChi llBYX npOTOHOB B naHHOM co6biTHH H 3HalfeHHeM MaCChi, nonyqeHHoH npH H3Menem·nf HJMepeHHhiX napaMeTpoe TpeKoB na eenw-mny, t<:paTHyKJ OlliH6KaM H3MepeHHH. npH 3TOM npennonaraeTCR, lfTO OWH6KH H3MepeHHH napaMeTpoe HMeroT rayccoehT pacnpeneneHHR. o - omH6I<a H3MepenHR Macchi e JUlHHOM co6LITHH. P(o) - JI<cnepHMeHTanhHoe pacnpenenemte Ollll-t60K H3MepeHHR MBCC. 
no lf>opMyJle ( 1) 6b1Jllf paCClfHTaiibl ciJyHI<UHH paJpemeHHR nO 3£f>$ei<THBHOti: Macce nporonos nmr o6eHX peaJ<UHfi np + pp7r- H np .... pp7r-11' 0 npH pa3Hb!X 3HalfeiUHtX nepAWIHb!X HMITyJlhCOB H npH pa3HhiX 3H3 1TeHHRX 3ciJr:j:JeK· THBHMX Mace npu t<a>KnoH ::mepnm. Bee oHH xopowo onHchTBBJOTCR 6peihBHrneposci<HMH {~0pM3MH, WHpHHhl I<OTOphiX 33BHCRT OT 3H3lfeHJ-fR MaCChi H cna6o - or nepewmoH ::mepnm H KaHaJta peaKUHH ( nonpo6nee eM. B 13 1) . 

1,43 
1,72 
2,23 
3,83 

N co6. 
np + pprr 

4847 
4570 
5521 
1965 

B llaJthneHUieM MLI 6yneM cKJta-
Ta6nHua 1 JlbiBBTh pacnpeneneHHR 3$¢eKTHBHhTX 

Ncofi 
np + pprr rro 

5 
170 

1337 
2229 

Mace, nonylfemrhre B paJHhlx KaHaJtax 
npH pa3HhTX 3HeprHRX. B :noM cny
qae llllfpHHa ¢yHI<UHH pa3pellleHHH 
npn ll3HUOH MBCce Bhi'IHCJ1RJ13Cb K3K 
cpenHRR BeJIH'IHH3, B KOTopyto I<3>K
)l3H peaKUHR npH nannoH 3Hepnm 
BXOllHT C BeCoM, nponopUHOHaJihHhiM 
lfHcny co6bfTHH nannoH peaKUHH. 

Ha pHc.2 npHsenen rpar:j:JnK non
noli lllHpHHbl • cf>yHKUHH pa3pellleHHA 
(WHpHHa Ha rTOJlYBbiCOTe) B 33BHCH
MOCTH OT BeJIHlfHHhl 3£P£f>ei<niBHOJ.1 
M3CCh1 JlBYX npoTOHOB )lJTR cyMMap
HOfO no o6oHM KaHanaM H no seeM 
3HeprHRM pacnpeneneHHR no MaccaM. 

Pm~.2. 31lBHCHMOCTh nonnoH lllHPHHbl !flynK

UHH pa3pemenmt no 3!fl¢leKTHBHbiM M8CC8M 

,neyx npOTOHOB OT 3H8'feHHR M8CCbl. 
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,lJ,anee H3BeCTHO, l.ITO CBepTKa HCTHHHOfi pe30HaHCHOfi KpHBOfi, HMeFOIUeJi 

6peJ.iT·BHfHepOBCKYIO ¢opMy, C <\lYHKUHefi pa3peweHHH, TaK)Ke HMeiOIUeft 

3Ty ¢opMy, CHOBa ,n;aeT 6peHT·BH.fHepOBCKYJO ¢>opMy 3KCnepHMeHTrutbHOfi 

pe30HaHCHOH Kptmo:H. c M03 =- MOHCT H r 3Kcn"" r HCT + r pa3p' To eCTb B .n;aH· 

HOM CJlyl.lae TIPH no,UfOHKe K 3KCnepHMeHTY pe30H8.HCHble Kplffible Ha,UO 

3a,UaBaTb B BH,~J;e 6peiJ:t-BHfHepOBCKHX Kp:H.BbiX, a HCTHHHbJe lllHpHHbl pe30-

Ha.HCOB onpe.uenHTb KaK r HCT= r 3KCn - r pa3p' r,n,e f' 3KCn- norrHaH WHPH

Ha pe30HaHCHOJ.i KpHBOJ.i, nonyl.leHHaJI npH nO,D,fOTOBKe K 3KCnepHMeHTY. 

f pa 3
p - ITOJlHa.R lliHpHHa (Ha noJiyBblCOTe) ¢JyHKUHl1 pa3peweHHH TIO MaCCaM 

npH IJ;B.HaoH: Macce M
03

• 

Ha pHc.3 npHBeneHbi pacnpe;uenealUI 3¢¢eKTHBHhiX Mace ,n;Byx nporoHOB 

li3 peaKUl1l1 np ~ 'pptr- npH P n == 1,43; 1,72 H 2,23 f3B/c. BepTMKanhHhiMii 

JlHHllHMii OTMel.leHbl HeKOTOphie 3Hal.leHiiH 3cP¢eKTHBHbiX Mace, TipH KOTOpblX 

aa6mo.uarorcH Bht6poChi npH scex 3Hepnmx. TaKHe )Ke nosropeHHH aa6mo

naJOTCH H B pacnpeneneaHHX H3 peaKUHH np + pp7T-7T 0
• 3ro naeT ocaosaHHe 

w 
LJ 

'-
00 
m 
:c 
" '-
L[] 
c:J 
L1 

150 

120 

80 

2,0355 

Yt P -, ppn-

I -P..,=1.4313B!r. 

ll - P,. =1. 72 I3B!c 

Ill- P, =2. Z3 13B!r. 

Mpp• !3B!c2 

Pnc. 3. Pacnpeneneaue 3¢¢leKTHI!HhiX Mace ;n;Byx npoTOHOB H3 peaKUHM np + pp7T- nm1 

p n = 1,43, (1) pn = 1,72 (II) H pn = 2,23 r3B/c (III). 
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JI,JlH ysepeHHOCTH, liTO Mbl HMeeM ,neno C pe30HaHCHbiMH JQJQJeKT3MH, H no3eonReT o6neJJ;HHRTL see pacnpeJJ;eneBHJI. 
Ha pHc.4 npeJJ;craeneno pacnpeJJ;eneHHe no J¢¢eKTHBHoH Macce .llBYX nporonoe HJ peaKUHH np + ppn- H np + PP1f- rr 0 npn P n =1,43; 1,72; 2,23; 3,83 r3B/c. TaM >t<e nauecena annpoKcHMHpyroman KpneaR, cocraenenHaJI lf3 10 6pefiT·BHTHepoBCKHX KpHBbiX H QlOHOBOfi: KpHBOii, B3JITOii B BH,n:e cyMMbi nonHHOMoB Jle)KaHJJ;pa en.noTL ,n:o S·ii crenenn. Ha pncynKe H3o6pa· m:eHa TaKm:e OTJJ;eJlbHO QloHOBaR: KpHBaJI, HOpMltpOB3HH3JI Ha 94% co6btTHii (qHcno, nonyt~ennoe B pe3y1tLTaTe noJJ;roHKH). Ha pHcynKe OTMel.leHbl TaK)Ke 3H31.1eHHJI MaCe pe30HaHCOB, HMeiOlUHX ,Il;OCT3TOtfHYIO CT3THCTHllecKyiO 3113· truMoCTL (qncna, nonylleHHbie B peJynLTaTe no,n:ron1m). 

160 1.93? 

~ 

120 
~ 

w 
'-L<l 
m 

>..:: 
D<l 

88 ,; 

'-
w 
L:J 
'-' 

189Sg i:~5. 
<iEl 

Puc. 4. CyMMapHoe pacnpen;enttne 3¢¢eKTHBHhJX Mace nnyx npoToHoB H3 peaKunH np + + ppn- u np + pp7T-7T 0 npn P
0 

"'1.43; 1,72; 2,23 H 3,38 r3B/c. ¢Jott ~ cyMMa nonHHOMOB 
Jle)f(attnpa llO 8·if CTCnCHH Bl<JJIOlJHTeflhHO. 
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Heo6xO,IJJiMO 6onee no,n;po6HO OCTaHOBHTbCH Ha Bbt6ope ¢loHOBOrO IIOJIH

HOMa, T.K. 3TOMY BOIIpocy 06bilJHO yn;enHeTCH He)lOCTaTOlJHOe BHHMaHHe. 

)lnH orrn:cmme ¢aHa Bbt6HpaercH ¢YHKUHH B BHAe 

(2) 

r)le pi - OpTOHOpMHpOBaHHbie IIOJIHHOMbl ne/Ka.H,IJ;pa i-H: crerreHll. 

lbBeCTHO, liTO IIpH raKOM Bbi6ope QJOHOBOH ¢YHKUHH -3Ha'lleHHH IIOA0-

6paHHbiX K03¢¢HUHeHTOB AO an--- l He 3aBHCHT OT 3Ha'lleHHH K03¢QmuneHTa 

an. 3ro cpa3y Aaer KpHrepHH Ha n;ocrarol!HyJO crerreHh noJIHHOMa: oum:6Ka 

B onpeAeneHHH nocne]J;Hero Ko3¢¢HUHeHTa an He n;on:IKHa rrpeBbilllaTh HeKo

roporo 3Ha'lleHHH (Mbi rrpHHHJIH .6.a0 /;:tn < 30%). B rrpoTHBHOM cny'llae BKJIJO

'lleHHe IIOJIHHOMa CTerreHH "n" CTaTHCTHtieCKH He3HalillMO. IloMHMO :nora, 

Bbi6op ¢l0HOBO:H: ¢lYHKUHH B BH.IJ;e (2) HMeeT H HeKOTOpbiH: ¢lH3H'lleCKHH 

CMbiCJI: clJoHOBOe pacrrpe.IJ;eJieHHe He UOJI)KHQ HMeTb pa3pbiBOB llli B K8KHX 

IIpOH3BO.IJ;HbiX HH B O.IJ;HOft cymeCTBeHHO ¢lH3HlJeCKO:H: TO'llKe, T .e. )J;QJI)KHQ 

6biTb aHa.JlHTHtieCKOii ¢lYHKUHeii, liTO xapaKTepHO AJUl IIOA8BJifiiOlllero 6onb

WHHCTBa ¢JH3HlJeCKHX pacnpe,IJ;eJieHHti. 

TaKHM o6paJOM, nepBbiM waroM rrpH Bbt6ope ¢oaosoro pacnpeAeneHHH 

HBJIHeTCH OIIHCa.HHe 3KCIIepHMeHTa.JlbHOrO pacnpe.IJ;eJieHHH IIOJIHHOMaMH 

<l>n+l IIpH pa3HblX 3HalJeHI'IHX n. IlpH 3TOM CTpOHTCH 3aBHCHMOCTb CYMMap

Horo 3Ha11eHHH x 2 , .ueneaaoro Ha 11HCJIO creneaeti cso6o.IJ;hi ( qncno rotieK 

MHHYC liHCJIO nap~MeTpOB 6e3 eUHHHUbi), OT Jl. 3HalJeHHe X~ /k- n BbiXO.IJ;HT 

Ha rmaro rrpH 3HatieHHH, paBHOM 1,175 ± 0,085 .anH pHc.4. Or6pachiBaH 

IIOJIHHOMhi, y KOTOpbiX OWH6Ka B IIOCJie,UHeM napaMeTpe rrpeBbllllaeT 30%, 

Mhl OCT8BJIHeM .UJIH AaJibHefilllerO aHaJ1H3a IIOJIHHOMbi CO CTenemiMH Il, MeHb

lliHMH 7. )lanee OCTaBJlfleTCH ,J:lJIJl paCCMOTpeHHH IIOJIHHOM C HaHMeHhlllHM 

3Hat~eHHeM x~ /k- n. B HaweM cnyqae raKoH ¢YHKUHeH oKa3arrcH IIOJIHHOM 

C 8-10 napaMeTpaMH ( cyMMa IIOJIID-IOMOB AO 7 -ti crerreHI{ BKJUOliHTeJibHO) . 

lbBeCTHO, 11TO pacnpe.neneHHe X~ Ha O.UHY TOliKy B pacnpe,n;eneHHH, rAe 

Bee 6HHbl He3aBHCHMbl, IIOAlillHHeTCH pacnpe.IJ;eJIHlUO X 2 C OAHOH crerreHbiO 

cso6o.n;bl (Xf = 1 H vn-~ = 1,41). BbtlJHCJIHH Xf H vn-:' nonyqaeM 3Haqe-

Xt x1 

HHH 1,14 ± 0,08 H 1,89 ± 0,06 COOTBeTCTBeHHO, liTO OTJIHlJaeTCH CHJibHO OT 

CJIY'tlaJI lJHCTO CTaTHCTHlJeCKOrO pacrrpe,n;eneHHH. 06paTHM BHHMaHHe Ha TO, 

liTO AHCIIepCHH HBJIHeTCJI 3H8'LIHTeJlbHO 6onee qyBCTBHTeJibHbiM KpHrepH~~ 

OTJIH'LIHJI pacnpe.IJ;eJieHHH OT CTaTHCTHt.IeCKOrO, 'LieM Cpe]];Hee 3Ha•IeHHe X~ . 

flpH cpaBHeHHH 3KCnepHMeHTaiibHOH: rHCTOrpaMMbi C anrrpOKCHMHpyro

WHM fiOJIHHOMOM, Bbt6paHHblM BblllleyKa3aHHhiM CIIOC060M, MQ)Kl-10 3aMe

THTb 0 6rraCTH cryllleHHH TOlJeK, B KOTOpbiX lJHCJia C06biTHH: rrpeBhlllla.IOT 

arrnpoKCHMHpyromyro KpHByiO. Bbi'LIHCJIJIH sepoHTHOCTH roro, 'LITO ¢oa B cry

llleHHHX MQ)KeT ¢lnyKTyHpOBaTh TaKHM o6pa30M, lJT06bi ,IJ;aTb OJl.HOBpe-
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MeHHhti\ Bht6poc B HeCKOJILKHX pRD;OM CTOfllQHX ToqKax, y6e)KJ];aeMCfl, 
qro MR pRn;a ra«HX ~nyKTyauHH (10 o6nacreH) sepoRTHOCTH _cocrasmnor 
nemtqJmy, MeHLWYIO 10% (.unR cyMMapHoro qHcna 280 roqeK). Coorser
crsyromHe o6nacnt HcKmoqruoTCR H3 paccMorpeHHR ,rvm .u;an~:.Heiiwero ru-ta
mna~oHa. 

qepe3 OCT3BlUHeCR ToqKJ.t CHOB3 npoBOLJ;HTCR annpoKCHMHpylOUl3H KpH
B3fl B mme (2). K HonoH 4JoHosoH ~YHKUHH npen;"LRBJlRlOTCR cnenyronm:e 
rpe6osaHHR: 1) oum6Ka B nocne.rlHeM napaMerpe ~an/an< 30%; 2) x'I;fk~n 
H"MeeT MHHHMaJibHOe 3HaqeHJte, 6JIH3KOe I<: 1, HO He OTJlHQaJOIUeecR OT Hee 
6onee, qeM Ha O.UHY oum6t<y; 3) MHHHM3J1hHOe lJHcno roqeK neperH6a 
(uyneif BTOpoif ripml3DOllHOif). 

B naweM cnyqae :JTHM rpe6osamutM orseqaer nonnnoM ~ n+l c n"" 8 
(ilcero 9 napaMeTpos) <xifk~n ~ 0,975; QHCJIO nepem6os pasHa 4). 0TMe· 
THM, lfTO OOK3 :noT TlOJTHHOM HOpMHpOB3H H3 OJ10lll3D;b 6e3 Bbt6porneHHhiX 
6HHOB, B KOTOphiX npennonaraJOTCR pe30H3HCHbte 3¢£.lleKTbl. 

HaKoHeu, npmnson;HTcR annpoKCHM3UHR pacnpeneneHHR Ha6opoM 
10 pe3oHancllbTX KpHBhTX B ¢.opMe EpeHra-BHrHepa H <PoHOBoH ¢lyHKUHH, 
Bbt6prumoH B nune OTMeqemmro BhiTJJe nonHHOMa c 9-ro napaMerpaMH. 
TipH 3TOM He cPHKCHpyJOTCR napaMeTphl pe30H3HCOB H llOJlR cPoHa. 

B pe3yn&rare annpoKcHM3UHH nonyqeHht xapaKTepHCTHKH 10 pe3o
HaHcon - HX BKJ13Jl,, MaCChi, WHpHllhl H BKJ13LJ; ¢JoHOBOif KpHBOii: (94%). 

TiocneJI.HHM W3fOM RBJIReTCR nposepKa npaBHJlLHOCTH OOHC311HR OCT3B· 
merocR cf>ona nono6pammH KpHsoH. llnR :nora B&t6pachiB3JOTCR o6nacTH 
pe30H3HCOB ( 06JiaCTblO pe:JOHaHCa CQHTaeTCR o6JlaCTb, H3 kp3RX KOTOpoH 
QHCJIO pe30H3HCllbiX C06bJTHH nanaeT JlO 10% OT M3KCHMaJ1bHOfO) H illlR 
OCT3BUJHXCR 6HTIOR c•mraeTCH Xf H vn-=-f-. 0HH OK333J1HCL paBHbiMH 0,97 ± 

x, 
± 0,11 H 1,47 ± 0,08 B nOJTHOM COOTBeTCTBHH C O>KHllaeMbiMH 3HaqeHJ.-IAMH, 
ecnH B :noH ocTaBrneHcH nocne HCKJHoqeHHR peJoHaHcoB o6nacnt ctJnyKrya
UHH- qHCTO CT3THCTHqecJ<He. 

B ra6n. 2 npHBe.UeHa cnonKa nonyqeHHhiX pe3yn&TaTOB. B nepsoH Konon
Ke naua Macca pe3oHaHca, so sropoH - 3KcnepHMeHT3J1hHaR nonnaR umpH
na Ha nonyBhiCOTe, B TpeTbeif - HCTHHH3R umpHH3 pe30HaHca, B qersepToH 
- QHCJIO CT3H,U3pTHhiX OTKJTOHeHHH OT $oHa, B mnoH - BCpORTHOCTL TOfO, 
qro llal-IHhiH 3¢'¢'eKT HBJIAeTCR £tlmmsoif ¢JnyKTY3UHeH. 3ra BepO.RTIIOCTb 
paccqHT3H3 J<3K BepORTHOCTb TOfO, qro B Xl - pacnpeneneHHH C OJlHOfi CTe
neHbKl ceo6onht npm-noHner ¢lnyKryauHR Ha naHHoe qHcno craHnapTHhiX 
OTKJioHe~mH, yMHO)f(emlaH Ha OTHOUieHHe qHcna roqeJ< B pacnpenenenHH 
(280) K Qll.CJTY 6HHOB, B KOTOpbiX Ha6monaeTCR 'J¢l!fleKT OT nannoro pe30-
H3l·IC3 (sepoATHOCTb ¢lnyt<ryauHH B nro6oM Mecre o6mero pacnpeneneHHA). 
B nocnenHeH KOHOHKe nnn eepoRrnocTH $nyJ<ryaUHH ¢lona npHseneHhl 
nee UH$pht. TiepsaR H3 HHX norryqeHa H3 pacnpeneneHHR pHc.4, nocrpoeH-
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Ta6nHua 2 

MR ± t.M rR3 ± ar rRH ± ar SD p 

1886 ± 1 4 5+ 1,1 
'-2,2 

3 6+ 1,1 
'-2,2 

4,4 1·10-3 

1937 ± 1 6 3+ 1,9 1 8+ 1,9 3,7 
-3 -2 

' -4,5 '-1,8 1·10 74·10 

1965 ± 1 7 2+ 2,2 1 4+ 2,2 4,4 
-3 -3 

'-5,5 '-1,4 1·10 76·10 

1981 ± 1 7 2+ 2,1 0 7+ 2,1 4,3 
-4 -5 

'-5,3 '-0,7 6·10 74·10 

2017 ± 2 9 0+ 3,8 
'-2,4 

0 6+ 3,8 
• -0,6 2,8 2·10-1 

2047 ± 1 117+4,8 1 7+ 4,8 3,1 
-1 -2 

'-2,9 '-1,7 2·10 76·10 

2083 ± 1 1 7+ 5,2 0 1 + 5,2 3,1 
-1 -2 1 ' -46 7 '-0,1 1·10 74·10 

' 
2105 ± 2 + 3,4 

9
•
0
-15,7 

0,0+ 3,4 3,1 
-1 -1 

1·10 71·10 

2237 ± 2 + 3,8 6 8+ 9,8 5,8 
-7 -7 

25,2_44,3 ' -6,8 2·10 71·10 

2278 ± 1 +87 52+ 8,7 7,0 
-9 -8 

25,2_28,5 , -5,2 2·10 72·10 

Horo c waroM 4 M3B/c2 , o6pa6oTaHHoro aHaJIOfHliHbiM o6pa30M (Ha pHcyH
Kax He noKa3aHO). BH.UHO, liTO o6e o6pa6oTKH n;ruoT 6m13KHe peJynhTaThi. 

TEOPETWIECK11E llOJlXOJlbl 

B HacTo~nuee epeM.R cymecTeyeT TpH non.xo.ua K o6oacHeHHIO cneKTpa 
Ha6mo,naeMblX )lH6apHOHHbiX pe30HaHCOB. 

3TO, BO-nepBblX, ITOJlXO.U, B OCHOBe KOTOporo Jie)KHT KBapKOBaH npH

polla ,l;J.H6apHOHHhiX pe30Ha.HCOB. J.b-3a HaJIJ11U'IR UBeTOBbiX CTeneHeft CB0-

6o.Ubl npe.n;cKa3hiBaeTCH 6onhlllOe t~Hcno TaKHX cocTOHHHH 12 4 1
• O.uHaKo 

Y3KHe COCTOHHHH ITOJIYllaJOTCH TOJlbKO npH OlleHb 60JiblllHX pa3Mepax KBap

KOBOfO MelliKa, Mo,n;em, KOTOpOrO paCCMaTpHBaeTCH 06biliH0
12 5 1

• 
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no:HOMY 6onee peanHCTWIHOii npe.UCT3BJUieTCR Kapnma llBYX KB3pKO

BbiX MelllKOB, coennneHHbiX ctpyHoi:f, paCCMOTpeHH311 Jl.A.Kon,n,paTlOKOM 

H ,Up. 12 6 1
• 3TH 3BTOpbi rrpe.UCK33biB310T cyrueCTBOB3HHe nrr6apHOHHbiX 

cocroHHHH c MaccaMrr a pa.iioHe 1930, 1960 11 1980 M3B/c
2

, trro Ha6nronaer

cn Ha onhiTe. K CO)f(aJieHmo, pa3BepHyThtX npencKa3aimH He ony6nl1KoBaHo, 

H Mbl He liMeeM B03MO>KHOCTH cpaamman, ITO,Up06Ho H3ll1H ,U3HHbte C :noi:f 

npliBJieKaTenbHOti MO,UeJIMO. 0tMeTMM, liTO MO,UeJib CO,Uep:>KHT B3)Kllbii:f 

napaMeTp - Macey ,UliKBapKa, C3MO CYUteCTBOB3HHe KOTOpOI'O Tpe6yeT 

.UOK333TenhCTB. 

B Monem-t apamamiiU-tXCH coenl1HeHHhiX oprrelnMpoaaHI-IhiX ctpyH cy

mectayroT nonpo6Hbie npencKa33HHR Ha MaCChi LtH6apHOHHbiX COCTOH

HHi:f 
12 7 1

• Mbt nanHM ee cpaaHeHHe c 3KcneprrMeHTOM. OnHaKo 3Ta Monenh 

CKopee ¢eHoMeHonorrrt~ecKoro THna H TaK:IKe conep)f(l-tT cao6onHhte napa

Metpht. 

Mht orpaHnqnMcH B KBapKOBOM nonxone TOJihKO 3THMH nayMn: Mone

nrrMn, T.K. OHH D,3roT npe,UCK333HH1t 113 MaCChi nJ-t6apHOHOB, Jie:IK3IUHe B LUH

pOKOM ,UH3ITa30He, B TOM QHCJie H npH 311aQeHHHX, MeHbllB-tX CYMMbl MaCC 

.nayx HYKJIOHOB H 1T -Me3oHa. TaKHe ManLie Macchi He npenci<a3biBaJOTCR 

B o6bJ11HOi:f Kapnme KB3pKOBOf0 MeWKa. 

llpyroti ITO.UXOU, p33BHTbii1 I0.E.noKpOBCKHM
12 ~ 1

, OCHOBaH Ha KBa3H

R.UepHoti npnpone nH6apHoHHhlX cocroHHHH. B HeM yqHThiBaiOTCR MHoro

Me3oHHbte o6MeHhl B IIYKJIOH-HyKJIOHHbiX B33HMO}leftCTBHRX C B036y>Kne

HHeM fl-H306ap B npoMe:IKyTOtfi-ILIX COCTOHHHHX. MOll,eJib conep>KHT HeCKOJih

KO cao6omthix napaMetpoa. 

Tpendf nonxoJJ., npenno)f<eHHhtH HenanHo E.A.Ap6yJoBbiM H np. 
12 9 1, 

OCHOB3H li3 npe,UITOJJO>KeHI-H-1 0 cymeCTBOB3HHH KyJIOHOBCKOfO penHTHBHCT

CKOfO KB33l-liTOTeHUJ-l3JTa C -nOrJIOUl310IUefi qaCThJO, B pe3ynhT3Te nei-fCTBHH 

KOToporo B03HHK3JOT Y3J(H€ pe30H3HCbl B CHCT€Me mo6biX 33p1nKeHHbiX 

qaenm. Monenb ne co,uep>KTn napaMerpoe, naer 6oratbiH cneKTp npencKa3a

HHH Ha MaCChi Y3I(lfX llt.tnpoTOHIIbiX COCTOHHHH. noKa OTCYTCTBYIOT TottHbJe 

pacqeTbl ttlHpHH T3KHX COCTOHHHft, HO OHH ,UOmKHbl 6biTb nopHJlK3 3JieKTpO

M3rHHTHhiX. }lOBOJihHO KpHTHQHbiM ,UJIH 3TOft MO.ll,€Jllf 6ynet cymeCTBOB3HHe 

Y3KHX COCTOHHHJ:i B CHCTeMaX, CO,Uep:IK311UiX HefttpanbHbte qacTHUbl, H30pH

Mep, B CHCTeMe np HJIH A 0 
p. 

06ll!HM ,UJIH BCeX Monerreft HBJIHeTCH B03HHKliOBeHHe Jl3nhHO,UeftcTBHR, 

nenepryp6arHBHhiH xapaKrep o6cy>K,UaeMbiX rrBnemtH. Orc10na cnenyer 

H 60JihUIOi't: HHTepec K Y3KHM JlH6apHOHHhiM COCTOHHHRM, B OCHOBe KOTOpbtX, 

IIO-BHJlHMOMy, Jie)f(aT 3¢¢eKThi, He HCCJie,UOB3HHbie 00}(3 TeopHeii H ROTOpbie 

C3MH OQMOfYT C03L1.3HH10 6onee COBepmeHHhiX ¢IH3H11eC'KHX npe,UCT3BJI€HHii:. 

B ra6n. 3 Mht npHBOUHM conocTasnetme nonyqenHLIX HaMH naHHLIX 

0 JlHOpOTOHHhiX Y3KHX COCTOHHHHX C MO}leJIHMH Bp3ll13101UHXCH COe}lHHeH

HbiX crpyH (BCQC), I<B33YUl,Ilepnoft (KH) H Mo,UeJiblO B.A.Ap6y30B3 (He· 
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1886±2,25 

1937±3,0 

1964±4,0 

1981±4,0 

2017±4,5 

2047±6 

2083±6 

2105±4,5 

2237±13 

2278±13 

BCOC 

1889 

1936 

1966 

1979 

2013 

2043 
2047 

2081 

2106 

2229 
2238 
2242 

2272 
2281 
2285 

KH 

1936 

1982 
1983 

2013 
2014 

2043 
2044 
2053 

2080 
2082 
2085 
2087 

2103 
2105 
2109 

Ta6rm11a 3 

HK3!l 

1885,2 ± 0,07 

1936,4±0,4 
1938,5±0,5 

1965,4±0,7 

1981,1 ± 0,8 

2016,5 ± 1,0 
2020,7 ± 1,1 

2041,8± 1,2 
2047,2±1,2 

2080,9± 1,5 

2105,5 ± 1,7 

2235,9±2,6 

2268,4±2,9 
2284:6 ± 3,0 

rrepTyp6anmHaR KBBHTOBaH 3JieKTPO.UimaMHKa HK3)l) . OKano ueHTpanh~O
ro 3KCnepHMeHTaJibHOro 3HatJeHHH MaCChi pe30HaHca BhUJ;eneHa nonoca 
C IUHpHHOH, prumoii 3KcnepHMeHTaJibHO Haif,UeHHOtf Wllplme pe30HaHca. 
J.h MO)l;eJieH B3.f!Tbl 3HatJ:eHHH Mace pe30H8.HCOB, IIOIIa,IlaJOlUHX B Bbl.UeJieHHyiO 
nonocy. OKano Mace pe3oHaHcos, npe,ncKa3hiBaeMhix HK3)l,yKa3aHa Toq
HOCTh npe,ll,CKa3IDUIH. 
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OBCYJKllEIIHE H BblBOllbl 

no Kpaii:HeH Mepe nonomma 113 o6Hapy)KeHHblX H3MH pe30H3HCOB Ha6mo

U3CTCJI H a npyrnx pa6otax. TaKHM o6pa30M, a cymectsoaaHHH Y3KHx 

nHnpotoHHhtX coctorrHHH sprrn nH npHxo.nntcrr coMHeBathCR. OnHaKo ycta

Hosnei-me BCefO HCTHHIIOfO COCKtpa T3KHX COCTOfiHHfl BCe ClUe RBJUteTCH 

3KTYa.JlhHOH 3KCnepHMeHTaJlbHOH 3anaqeti. JlnH ee pemeHHH, B nepBOM npH-

6mnKemnl, He tpe6yetcR oqeHh xopomHx pa3pememrH no MaccaM (.nocta

tottHo, no-BHJI.HMOMY, pa3pemeHHR ~ 3 M:JB/c2 ) . Ho KpaHne Ba)Kfm nposo

AHTb 3KCnepHMeHThl B OllHHX ycnOBI-IRX JlJlR HCKJtJQqeHHR CHCTeM3THQeCKHX 

CUBHfOB B M3CC3X, BHOCHMhlX npH60pOM. 

,Unn BblRCHClH-Hl npHpOUbl 3$¢eKTOB Heo6XO,UHMO H3Y'-IHTh CHCTeMy 

np, ll.3HHbTC 0 KOTOpoH B H3CTOHll~ee BpeM11 0'-ICHb 6eUHbl. 

Onpenenenne K£l3HTOBLIX tJHCCJl pe30H3HCOB RBJlRCTCR, KOIICtJHO, Oll.HOH 

113 rmumeHumx 331l.3tf HCCITCAOBaHHR JlH63pHOHHbiX COCTORHHH. 0JlH3KO 

6e3 ycraHosnemm Hctrepm,mmowero pnna cocTORHHH ee pewarh nerrLJR, 

T.K. Bcerna: 6yner 003CHOCTh CMCW3Th HCCKOJlhKO COCTORHHH H norrytrHTb 

JlO)f(HhiC OTBCThl. 

3aD.atta onpCJlCJICHHR HCTHIIHhiX WHpH.H pC30HaHCOB 3H3tiHTCJibHO 6onee 

CJlO)f(Ha, T.K. Tpe6yer OtiCHh XOpOWCrO pa3pCWCHHR no M3CC3M (HCCKOJihKHX 

noneH M:JB/c
1

, no KpaHneH Mepe). B pa6ore
13 0 1 o6napy)KCHht pe3onrutcht 

B CHcreMe PP'Y c MaccaMn, a ttacrnocrn, npH 2017 H 2050 M3B/c
1 

, ottenh 

6ITH3KHMH K TCM, KOTOpblC na6monaeMbl H KOTOpbtC na6monaJOTCR B 3KCrTC

pHMCHT3Xn ' 1 2 ' 19 1
• £lpH :noM tuHpHHbl naiiD.CHHhiX COCTORHHfi Cp3BHHMbl 

c umpHHaMH JlJIR pacnana 11a nsa nporona. TaKHM o6pa3oM, wHpHHbt JUt

nporonnLtx cocrommH Moryr oKa3aThCR nopnnKa :JITCKTpoManmTHhtX, 

H MR HX OllPC.llCJlCHHR rpe6yeTCR OTJlHtD-IaR OT K3Mepnm1 MCTOllHK3 C OtfCHb 

xopowHM pa3peweHHCM no MaccaM. 

tho K3C3CTCR TCOpCTHtJCCKHX OOllXOJlOB, TO HH B OllHOfi MOllCJlH 1-JeT 

OOK3 nan.e>KHLIX pactiCTOB ll!HpHH UH63pHOIIHbiX pe30H3HCOB. £lpCJlCK33311HR 

H3 M3CChT HC 003BOJJRIOT HCJ<JliOtJHTb IIH OllHH H3 B03MO">KHbiX MCX3HH3MOB, 

K3K BHllHO H3 Ta6n.3. Heo6XOllHMO OTMCTHTb 1 O,llH3KO, tJTO TCOpCTHKH C3MbiX 

p33HbiX HanpaBJlCHHH npHXOllHT K o6meMy BhiBOllY, tJTO ll3HH3H 33.ll3tJ3 

norpe6yer nnn ceoero pemeHHR Bhrxona H3 rpa.nHuHoHHhtX paMoK B mo6oM 

nonxone. 

Asropbt 6.rtaronapnr E.A.Ap6yJosa, A.M.EannHHa, A.B.KaifnaJioBa, 

Jl.A.KonnpaTloKa, B.J1.J1m6oumua, B.K.JlyKhRHOBa, lO.E.lloKpOBCKoro, 

A.H.Twrosa 3a uenyro cepmo norreJHhiX o6cy)K,llemtH naHnoH npo6neMht, 

a TaK»<e P .M.Jle6enesa 3a neoueHHMYK> noMolllh B nposenenHH o6nyttemtH 

1-MerposoH )f(JlllKOBonoponnoH KaMephi J1B3. 
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