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8 ROCII9JJ.II99 BpllUII ROlrBK1I0ch H9CKORhlCO p1160T, IIOCBSIWQHHhlX CHCT8MI1TII't9CifOJq' 

0 /1-4/ /1/ 
113J"'t9RIIIO C80JICT8 K 2-MQ301108 • B pa6oTe n109pC11 H JJ.p • 8&1001IIIQHHOl! c BOJJ.opo.c-

ROll nyablploJ(OBOlt lCI1MepoA, 113Y'tl11tHCb CBOJlCTBI1 1t9RTOHHbiX K 0 -+7Tt+e++ Y , 
3 + + 

It 1-'a.. rr- + /l + v 11 a.cpoi!Roro ( K a,.. 11 + + 11 - + ,0) p11COI1.C08, no.co6Hhl9 >KQ .CBHHbl9 1 

npKMepHo 1111 paaHoueHHOM cTI1TRCTR'tecxoM MI1Tep11ane (500 c;o6b!THA )
1 

nony't&Hbi A.ceApoM 11 

JleltnyHepOM/
2/ B 111111110rH'tHb!X YC1IOBHSIX, rpynnl1 A611WilH8 ll ll:p/31 

npH OOMOLUH IICKpOBbiX 

K8Mep H3Y'tl11t8 CBOICT811 lt~-M930H08 1 npOH380JJ.SI HJJ.9HTHtPIIXI1URIO KI1>Kll:Oll MO.D.b! p11C08JJ.I1, 

Bceli'o lwno aaperHcTpBpOBI1110 8 aToll p116oTe - 1000 K.
3 

, - 2000 Kl-'
3 

11 --'100 K 
3 11 

pacna

JJ.08, a -H&WeM coo6weniiH Ha XII Me>KJJ.yH11pOJJ.HOA xo11¢epeHuHH 110 t!Jaaxxe 8blcoxxx aHeprHil 

a .lly6Ha Mhi npatJ:cTa&H1III npe.c8apHT&1IhRble peaynhTI1Thl 11HI11IH311 683 K0
2 -Meaoaoa, a8-

perHcTpHp0811HHhlX a KI1Mepe BHnbCOHI1/
4
/. B HI1CTORWeA p116oTe npoee.ceH 6onee nonHhll! 

0 
11HI1Jl113 1111 6onhweM CTilTIICTH'tecxoM MI1Tepaane ( 1082 K 2 -co6&tTIIR). 

3KC!!9p!IM9HTI1111oHI1SI YCTI1H08K11. 

x) 
.llaHKwA sxcnepHM9HT ocywecTaneH 1111 CHHxpot!JaaoTpoae OvUH1 • K111.1ep11 BHnbCoHa 

p113M9pOM 100 X 60 X 17 CM
3 , UOM9W9HH4SI B Ml1rHHTHOe none cpet:(HeA HllllpSI)f(QHHOCTH 

9000 9pCT9)J. 1 91CCROHHpOBI11teCb B nyqxe K0
2 -Me30IIOB 1 OT611p11BWHXCII ROll: yrnoM ( 90z2) O 1C 

nyqxy ycxopaHHb!X npoToHoa, llaJJ.I110LURX Ha caHHUOBYIO MHW&Hh. Pl1cCTOHHHe Me>K.cy MIIW9Hb10 

II ICI1MepoA BH11bCOHI1 p11BHIIUOCb 6 Mo ny'IOK K
0
2 ¢opM11pOBI11tCSI CHCT&MOll 113 3-x !COII1IHMI1" 

TOpOB, ¢1:>11 311pli>K9HHb!X 't8CTHU 6nl1rOJJ.11pS1 O'IHCTK& MllrHKTHbiM ll01t9M CHIIXpot!Ja30TpOHil 

np81CTII't9CICII OTCyTCTBOBI111, 

1. X11paxTepHCTRxa JIY'tKI1 

HHT&IICHIIHOCTb nyqx11 npoTOIIOB, ycxopeHHb!X .co sHeprHil 10 Baa, cocTaB11R1t l1 ( 1,5 -

2,5).108 
'IBCTHU 1111 1 UHKn. B cpe.cHeM 1111 3 K11tJ:p11 perHcTpHpoaanocb OJJ.HO V0 -co6wTIIe, 

0 
KpoMe K 2 , 8 Haw eM xaHane HM911Cll tPOH KeATpOH08 11 Y- KBBHTOII, 

HellTpOHHbllt noTOK o6paaoBb!BI1n 11 cpe.cueM 30-40 npoToHoa OTll:B'tH H3 nepetJ:Heil cTax

KII K11M9,Pb! ( 0, 7 CM 1ti1TYHH) II 113 C811HUOIIOil fl1tllCTHHb1 1 llOMQLUQHHOlt 8 U911Tpe ICilM&pbl 

(0,5 CM CBIIHUI1) 1 II II Cp9JJ.H9M 5 31193JJ. B raae ICilMepbl (aproH np11 JJ.I1Bli9HKH 1,2 llTMoct!Je

pbl) 1111 K11tJ:p, n pOTOHhl OT t:(ll'IH 1IHMHTKpOBI11tH 311rpyaxy ICI1}.19pb1 K U031101IIUIH HCR01tb30B4Tio 

TOllbKO .(0,5 - 1) % OT 00111101 IIHT9HCHBHOCTK ny'IXIl npOTOIIOII CIIIIXpOtP830TpOHI1o Yf},IDYIIbC

Hbllt cneiTp, JIOCT,oeHKbiA no npOTOHI1M OTJJ.Il'tH, npHIIeJJ.eH 1111 pRe, 1. CTpenxoA yxa:saxw 

rr -M930KOB. 

x) 
no.cpo61109 OlliiCilHHe ycTilllOBIH IIM89TCII II pa6oTe/

5/, 

3 



YcTaHOBnQHHblll Ha BXO.ll8 nyqxa CBHHUOBblll cPHnbTp, TOnlllHHOII 10 CM, CHnbHO nO,llllBnHn 

cl>oH Y -I<BaHTOB, Ha - 100 xa,npoa npHXO.llHTCH 1 KOHBepCHH y -xsaHTa, BblneTeamero 

H3 MHWQRH, Ha pHC, 2 noKa3aH cneKTp ·Y -I<BaHTOB H3 MHWeHH, 

06a 3TH HCTOqHHJ<a cPOHa He MOryT C03,llaTb 3aMeTHOII .llOnH C06biTHII, He OTnHqHMblX 
0 0 

oT BHnox pacna.na K 2 • 3HepreTHqecxall cneKTp K 2-MeaoHoa npHae.neH Ha pH c. 3. 3ToT 

cneKTp nonyqeH Ha OCHOSaHHH K. 
3 

co6biTHII, H.lleHTHcPHUHpoaaHHbiX no anexTpoHaM, npeTep-

neaWHM npH npOXO>K,llQHHH CBHHUOBOII nnaCTHHbl, nOM8lll8HHOII B neHTpe KaMepbl, c6poc HM-

nynbCOB :2:. 30% H no H.ll8HTHcPHUHpOBSHHbiM K 317 co6biTHaM, 

Bsa.ny aasecTHOll .nsyaHaqHOCTH aHeprHH K
0

2 -MeaoHa, soaHHKaiOmell npH ee onpe.nene-
0 

HHH no HMnynbCSM BTOpHqHbiX aapa>KeHHblX qacTHU H HanpaaneHHIO .llBH>K8HHH K 2 .nnH no-
0 

nyqeHHH cneJ<Tpa K 2 , 6blna Hcnonb3osaHa c ne.nyiOmaH npoue.nypa, CTpoanacb axcnepHMeH-

TanbHSH racTorpaMMa w ' ( E Ko ), Ha xoTopyiO HaHOCIInHcb o6a peweHHH .nnH nonHoll aHeprHII 
0 • 

K 2 -acTHHHoe H no>KHoe. YqacTox 500-1000 Mas, KOTOpblll, no cymecTay, oxaaTblaaeT 

secb cnexTp w' ( Ex~ , paa6Hsancll Ha 10 HHTepsanos, Ana xa>K.noro H3 3THX HHTep-

Banos BbinOnHHQTCH ypaBHeHHe: 

IO 

N ' = N + l: N k g lk ' 
i I k= 1 

r.ne N1 -qacno co6biTHA a -TOM HHTepaane, OTaeqSIOlllee HCTHHHOMY cneKTpy 

N, 3KCnepaMeHTanbHoe qacno co6biTHA B TOM >Ke HHTepsane .nna cnexTpa 

(1) 

w ( E "o ); 
2 

w' ( E K~ ) ; 

g lk - Bee, C KOTOpbiM K -Thill HHTepsan B w ( E x o) .naeT sxna.n nO>KHbiX aHaqeHHA a 
2 

-Thill HHTepsan w' ( E Ko) • 3TH sec a ( g lk ) nonyqeHbl MeTO.llOM MoHTe-Kapno. 
2 

TaKHM o6paaoM, CHCTeMa ( 1) H3 .necaTH ypaBHE!HHA c 10 HeaasecTHbiMH N 1 .naeT B03MO>K 

HOCTb onpe,nenHTb HCKOMblll cnexTp 

2, ¢bTOrpaci>HpOB8HHe 

w ( E Ko ) • 
2 

~oTorpaci>HposaHHe npoaaso.nanocb cTepeoci>OToannapaToM c o6~eKTHBaMH 'Pyccap-nnaa-

MaT' c cl>oxycHbiM paccTOHHHeM F • 61 MM npH .naacl>parMe 9, Ha .nse paa.nenbHble nneHI<Jq 

6aaa ci>OToannapaTa 300 MM. 

c~eMxa npOH3BO.llHnacb qepea OTBepcTHe B noniOce MarHHTa. OcH o6~eKTHBOB nepneH

.lliiKynapHbl sepxHeMy cTexny KaMepbi BanbCoHa H napannenbHhl MarHHTHOMY noniO, Cpe.nHee 

yaenaqeRHe 12,5. Ha npH>KHMHbiX cTeKnax cl>oToannapaTa H Ha eepxHeM cTexne xaMepbl 6blnH 

HaHQCQHbl Kp8CTb1 0 KOTOpble .naBanH B03MO>KHOCTb npOH3BO,llHTb npHBH31ty TOqQK Tpexa K 

CIICTQMQ KOOp.llHHaT, CBH3aHHOII C KaMepoll BHnloCOHa, 

3, Owli6J<H H3Mepeuxll 

Cp&.llHllll OWII6Ka B IIMnynbCe COCTaBnHeT 7 % npll Cpe,llH8M HMnynbCe 200 ~ II c pe,n-
C 

Hell .llnliKa 10 CM, YqHTbiB8IOTCII OWH6KH Ha-aa nO>KHOI KpHBH3Hbl ( 20 MeTpOB), MHOrOJ<paT-

BOrO pacceaKKII - 2%, MarHKTHoro nonH -3% H H3MepliTenbHaa. Ecna cqHTaTb, qTo o6paTHaa 

aenH~H8 liMnynbCa pacnpe,nenalla DO rayccy, TO Cp8.lllle-xaa,npaTKqHaa OWH6xa 3TOll 

4 

eenH'IHHbl COCTaBnHeT' - 3 

11 yrna BbineTa 1,5°, a yrn"l 

30H8 COCTa.BnHeT 2,5~. 

II • n pocMOTp 

Cpe.nH - 15000 pa6oqu 

,neHO 4500 V° COI5biTHII, 3cPcP< 

nacb paeHoA • - 0,8Bz0,06 

npoeKUHH ~ 3 MM HB nn 

pHnH Cb .nea>K.nbl Ha nonyaeT 

M -20 • .llnH aHanaaa ceollcTJ 

cne,nyiOlllBM KpBTepBHM: 

l, y!"on BbineTa ( 6 "!.:_ ) OT 

2 • .nnHHa Tpexa B npocTpaHc 

3. yrnhl paaneTa ( w ) K0
2 

-c 

4 . HMnynbChi Pt. < 700 M 

ca P+ H P_ < 70; 

5, ,llBa H3M9p9HHH HMnynbCC 

3xcnepHM8HTanbH8H 01: 

OWHI5Xy annpOKCHManHH Tp< 

HblX TOqex H cpe,naell OWH6 

C0Bll8Jl8Tb C TOl.J:HOCTblO He 

WHeCR B nnaCTHH9 H HJie HTB 

MOM HSMH HMITynbCHOM HHTE 

Toe, nap .llanHua, 11 - p. -• 

BC9X 3THX XpHT9pHeB npaKTH 

HOCTb aaMepeHBll. EcTeCTBeJ 

BOK. 

Onpe.neneHHe reoMeTpl 

TBK pacna.noe K~- MeaoHOB 

Mo.nenxpoeanHcb B npe.nnon 

B3aHMOJleliCTBHH, a pacna)l 

ea nnocxocTH .Uannua. 6 bini 

1. no yrnaM BhlneTa ( 6 + 

2. no yrnaM paaneTa ( w ) 

3. no napaMeTpy E '6 ( aHep: 

HMOynbCa 38pH>K9HHblX B' 



OJ! 10 CM, CHIIbHO IIO.tUl!IIIHII 

Y -KBaHTa, BhtneTeBwero 

I C06biTHJ!, He OTIIH'IHMbiX 

IBe.UeH Ha pHC, 3, 3TOT 

HbiX IIO 3IIeKTpOHaM, IIpeTep

ueHTpe KaMepbi, c6poc HM-

~HHKaiOutell upu ee oupe.uene-

K
o 

0 llBH>KeHHll ~ lliill no-

ypa, CTpoanacb 3KcnepHMeH-

peuteHHll lliiSI IIOIIHOA 3HeprRia 

) CyuteCTBy, OXBaTbiBaeT 

l Ka>KllOrO H3 3THX HHTep-

(I) 

:THHHOMY CIIeKTpy w ( E Ko); 
~ 

lliiH cnexTpa w' ( E K~ ) ; 

BKIIall IIO>KHbiX 3Ha'leHHl! s 

:eTo.uoM MoHTe-Kapno. 

:THhiMH N I .uaeT S03MO>K 

o6~eKTHsaMH 'Pyccap-nnaa

Ha .use paa.uenbHble nneHKJq 

·a. Oca o6'beKTHSOB uepneu

rarHHTHOMY uon10. Cpe..uHee 

•pXHeM CT8KIIe KaMepbl l5b!IIH 

PHBH3XY TO'leX Tpexa K 

HMnynbCe 200 M
38 

• cpe.u-
c 

• ( 20 MeTpos), MHoroxpaT-

~cnu C'IHTaTb, 'ITO ol5paTHall 

TH'IHaH OWHi5Ka 3TOA 

BeiiH'IHHbi cocTasnHeT· 3,5 • 10 -
4 

M3B -I, Owu15xu B onpe.ueneHHH aaaMyTaiibHoro yrna 

11 yrna Sh!IIeTa 1,5°, a yrn" paaneTa - 2°, HeTO'IHOCTb B uanpasneHHK llBH>KeHHll K
0 
-Me-

2' 

30Ha COCTaBnSI9T 2,5~. 

II , npoCMOTp H OT6op C06b1THJ! Ha H3Me peHHll H llii!I aHaiiH3a, 

MeTOAHKa o6pa60IKH 

Cpe.uu - 15000 ··pa60'IHX ,PoTorpa,PaA B peaynbTaTe 3- xpaTHoro npocMoTpa i5brno ual!

.ueuo 4500 V
0 coi5hiTHII. 3,P,PeKTHBHOCTb npOCMOTpa OUeHHBanacb cornacHO pal5oTe/B/ H OKaaa-

nacb paBHOll E - 0,89;!:0,06, J.13M9p!!IIHCb BCe COI5biTHll, TpeKH KOTOpbiX HMQIIH lliiHHy 

npoexuHH ~ 3 MM ua nneHxe H He 6hlnH uanpasneHbl napannen bHO 6aae, Co6b1THH H3Me-

PHIIH Cb llSa>Kllbl Ha nonyaBTOMaTax, H 3aTeM OI5C'111TbiBaiiHCb IIO IIpOrpaMMaM/
7 

•
81 

Ha MaWHHe 
0 

M-20 • .llnH aHanHaa caollcTB K 2 -Meaouos oT6Hpanucb c o15hiTHH, KOTOpbie y.uosneTsopliiiH 

CIIellyiOutHM KpHTepHHM : 

I, y ron ShliieTa ( (J ±.) OT 0° llO 70° H OT 110° llO !80°; 

2 • .uneHa Tpexa s npocTpaHcTae Lt_:::, 6 eM~ 

3, yriihl paaneTa ( W ) K 0
2 

-<:06biTHJ! OT !0° llO 160°; 

4 . HMIIYIIbChi Pt_ < 700 M3s/c, npu aTOM oT6pacblsanacb co6hrTHII, y KOTOpbiX o6a HMIIynb

ca P+ H P_ <70; 

5, llSa H3MepeHHSI HMIIYIIbCOS COSIIa.UaiOT S npe.uenaX 3KCIIepHMeHTaiibHOJ! OWH6KH, 

3xcnepHMeHTaiibHaH OWH6Ka He llOII>KHa upeSb!Wa'!'b llSyKpaTHyiO c pe.uHexsa.upaTH'IHYIO 

OWH6Ky annpOKCHMaUHH Tpexa napa60IIOJ!, onpe.uenHeMyiO lliiHHOJ! Tp9Ka, 'IHCIIOM H3MepeH

KbiX TO'leK H Cpe.UHeJ! OWH6KH H3Mep9HHSI TO'l9K ( !2 MHKpOH Ha nneHKe), Yrnhl llOII>KHbl 

cosna.uaTb C TO'IHOCTbiO He Xy>Ke 3°, KpoMe TOrO 6h!IIH OT6poweHbl 
0 

fl. -'laCTHUbr, pOllHS-

WHeCSI S nnaCTHHQ H Hll9HTH,PHUHpOBaHHb!e no IIOSbiWeHHOJ! HOHH3aUHH npOTOHa B Sbl6Hpae -

MOM HaMH HMnynbCHOM HHTepB8.1Ie, a TaK>Ke n o.uaBIISIIOIUee 60IIbWHHCTS~ ny'IKOBblX y -xsau-

TOS, nap .llanuua, " - I' -pacna.uoa, 1'-e pacna.uoa H T.ll. 6naro.uapH ecnonbaoaaHHIO 

acex 3THX KpHTepHeB npaxTH'l9CKll y.uanocb ua6asHTbC!I OT ,PoHa, a Tax>Ke yny'IWHTb Toq

HOCTb H3MepeHall. EcTecTaeHHO, 'ITO aano>KeHHe xpHTepues OT6opa Tpe6yeT Bae.ueHHH nonpa-

BOK. 

Onpe.ueneuue reoMeTpH'lecxux nonpasox, a Tax>Ke yrnoshlx H HMnynbCHhrx xapaxTepuc-

THK pacna.uoa K~-MeaoHos npoaouunocb M eTOllOM MouTe-Kapno. llenTOHHble pacna.uhl 

MOlleiiiipOBaiiHCb B npellnOIIO>KQHHH SeKTOpHOrO ( V ) H CKaiiHpHOrO ( ) BapaaHTOS 

B3aHMOlleliCTBHSI, a pacna.u K 37T - B npe.unono>KeHHH nOCTO!IHHOl! nnOTHOCTH pacnpe.ueneHHSI 

ua nnocxocTH .llanuua. 6b!IIH nony'leHhl cne.uyiOIUHe pacnpe.ueneHHR : 

I. no yrnaM BbiiieTa 

2. no yrnaM paaneTa 

(J + H (J _ ) , aapH>KeHHbiX 'laCTHU OTHOCHTeiibHO OCR IIY'IKa; 

W ) - aapH>KeHHbiX 'iaCTHU; 

3. no napaMeTpy E'0 ( 3HeprHH 
0 

K 2 B CHCT9M9 1 r,ae CyMMB IIpO.QOnbHblX COCTBBnSUOWHX 

HMIIynbCa 3apH>KeHHblX HTOpH'IHbiX qaCTHU pasHa HyltiO); 

5 



4. no n a paMeTpy M , -cyMMBpH o A Macc e a a p H>KBHHbiX 'IBC THil 8 n p eJln0110)!(8HHH K MOJlbl 
3" 

.onH a ce x c xeM pacnana K~ - Meaoua; 

5 . n o 3 He prHH HeATpa nbHOA qacT Hilhi T
0 

8 pacnaJle K
3
n' 

3 TH p acnp eJleneHHll n ony'IB Hbi c y'le T oM ow aoo K H3Mepeaa A H aano>K e HHeM KpHTepee8 

1 11 2 . B ee a T o Jl 8 8T 803 M o>KHOCT b nony 'IKTb a Q:>Q:>eKTHBHOCTH , C8li38HHbre c nep8biMH 4-Mll 

KpHTe pHliMH, n p eJln0118r8110C b 0 'ITO nl!T bi A KpHTe p Hll 0 JlHH8K080 8 11HlleT H8 BC e CXeMbl pa::: n8Jl 8 

H He B liHl! e T H8 OCT 81IbHb18 s e pOliT HOCTH, E.ro 3QJQJeKTH8H OC Tb i 
5 

yC11 0 8HO 83l!T8 p 88HOI! 

( XOTS1 3 T OT KpHTepH A OTQp 8 Cbi B811 - :18 % COO biTHll ) . n o ny'te HH bie aQ:>Q:>eKTH8 HOC TH Jl8Hbl B 

T801IRU L! 1, 

Cxe M a 

p a c naJl a 

K "" 
K •• 
Kl"a 

T a onii u A I 
x) 

3Q:>Q:>e KTHBH OCTM , CBH 3 8 1! Hbl e C KpH Te p HliMH OT60p B 

no Yl'TIY 8 hi n e - J"lo ll,J1H H 8 M rl o KMn)'Tib- n o y rTI8M 

T 8 ( 0 -t..) T p&KOB L CBM p t. paaneTa w 
-

i 1 

" ' ' i 4 

0 ,84 :<J ,03 0 , 76:!;0 ,02 0,98:!;0 .01 0 , 9 6 :!;0 ,01 

0 , 5 9:!;0 , 02 0 , 6 4 :!;0,02 0,99:!;0 ,01 0 , 9~0 ,01 

0,67:!;0 , 0 2 0 , 7 0 :!;0 ,02 0,99:!; 0 ,0 1 0,94:!;0 , 01 

Jl OTIH 8 SI 3lpQJeK· 

THB HOCTb 

0 ,60:!;0 ,03 

0 ,35 :!;0,02 

0,44 :!;0 ,02 

Ka)!(JlOe H3 p ac'!eTHbl X p acnpe.ueneuHI llOTiy'le Ho H a CT BTHCTHKe 10 -1 5 Tb!Cll'l co6 biTKll JlTIR 

K B )!( JlOr O B8pH8HT8 , 0 WH6K B B 3 QJQJ8 l<T H BHOC TH K3- 38 H8 T0'IHOrO 3 H8HH S1 cneKTp8 He npe B bl 

waeT 2 %. 

!J.llll n p OB 8pKH Mbl Cp8B HKBB1IM OOll y '!e HH bie 3QJQJeKTKBHOCTK C TeMH , K OT 0 p b18 n ony'IBJOT 

C H H3 T8K H83bJB8 B MO A: 'HeB bi60p Oq H oA C T 8 TH C THKH ' • "" H ea bl60poqHoA C T BTHCTHKoa' M bl Ha-

3 bJB 8eM '!8C T b COO bJTHA, KOT Op8H 6bl1IB 0 0p800T B H8 6 e a H81I O>Ke HHll KpHTe pHeB OTOOpa, H B 

KOT Op OA IJ Onyqe Hbl BC9 y rn OB bi9 H r eOM € TpH LJ: 9CKH e X8p 8 KT 9 pH C THKH . 

Yf a peayllbT8 TOB OO p B OOTKH 3 TOA CTBTH CTHKH Mbl 0 0 1IY'IKTIH 0 'ITO 3QJQJeKTHBH OC Tb p e rH C

T p8UHH ·- 90 %, n pe'!eM T e p HeTCH o6nacTb yrnoa Bhrne T a 70 - 110° H y rn o a p aaneTa 160 -

180° . 

3 Q:>¢eKTH B HOCTH 0 n o ny'!eHHbJ e H 3 He8bJOOp0'1HOA CT8THCTHKH H p BC'IeTHbiM nyTeM ( MOlle-

11HpOB 8HK e M ) OpH C OOTHOWaHHH MOJl paCn8Jl 8 

c p BBHHB BJOTCll a Ta6nHue II 

r( + - 0) : r (K . 1:r(Kil l= 0.19 : 0,4 9 : 0 ,32 , 

0 
Ill .CTaTKCTK'IecK o e paa Jle n e HK e c xeM pacnaJl a K 2 

88HJlY TOP O, 'ITO 8 03M O)!( H OCTH HJle wraQ:>Hn upo s a Tb 8popu'!Hble q acTHilhl o '!e Hb o rpa uaqe

Hbr, Mbl T OllbK O 8 O'!eHb HeOOllbWOll '18CTH c nyqaeB (-5 %) M O)!(eM onpeJl e liHTb, K K8KOA H3 Tpex 

c xeM pacna.aa npHHS.JJ.n e >t< KT co6biTH e . 

X) 3QJQJBKTH8HOC TH n o n y 'l e Hbl 8 p e3yTibT 8Te nOClle Jl0 88Tell bHOrO npHMe He HHll KpKTe paeB, 

6 

C p a saeaa e a¢¢• 

H 

C n o c o6 n o nyqeHK! 

3QJQJ9KTK8HOCTK 

He8bi60p0'1H8!1 CT8' 

MeTOJl MoaTe - KE 

H BH6 onee 3¢¢eKTH8HbiM 

nenTOHHhlX cxeM pacna.na, 

M Bn hiMH non e pe'iHhlMH HMnyn b 

nepeMeHHbl X Q a P Lo KHH< 

HeOOllbWYIO npi!MQC b K . H K • 
Hor o 3 d nenTOHHbl lt pacnaJJ, .. ; 

Hcnonb30B8HHOM Y Ac T be 11 Jl ~ 

r .u e m
0

H M M8CCbl 
0 " 0 

E 

THU B n p e.nnon omeHHH, qT O OJ 

E _= V P : + mrr- ; P4- non 

.ll. OflbH bie COCT8BflSUOlllH e HMII) 

ry , nonHaR aue prHR Ko 
• r5 yr. 

MO).lenHpOB8HH9M p aanH'IHbiX I 

KpH T e pHe8. Ha pac . 4 Jl8Hhl 

s a HHble Ha n onHoe qacno co6 

a o ) . 

Teope TK'!eCKKe Kp H8ble 

1, <t>opM QJ8KTO p b1 Jlll!l 

2 . tlnH v - eapaa HTB 

Ill 
= 0 ( K B K 3 T oro Tpe6y• 

E '~ > 4 93 liBnli JOTCll 8 OC H08H 

Co6b1THH , n onaawue a • 

88pK8HT8 B 3 8HMOJle i!C T BHSI, f 

TpeoyeT 1'- e yHH8epc anbaoc· 

f+ H ) • A aanH3 p acnp• 

8bi80Jlbl ( T 8 0p8 TK'I9 CKH9 p ac 

no), 

1. S -88pH8HT 838liM 

HK 8 M KH UpH K8KHX C OOTH OWBI 



K 317 MO.Ubl 

H HllllO>K9HH9M KpHT9pH9B 

·K39HHbl9 C nepBblMH 4- MSI 

nHH8T H8 BCe CX8M bl pa: fl8Jl8 

f • ycnoaao B3HTB p aauoA 

9 acpcpeKTHBHOCTH JlllHbl B 

x) 
)8 

no yrneM 
paaneTa w 

f 4 

J, e6::o,ol 
1,92_:0,01 

1, 94::0,01 

n OllH8H 3lpcpe K· 
THBHOCT b 

o,6o::o,o3 
0,35 ::0,02 

0,44::0,02 

10-15 TblCH'I C06b!THJ! .UllH 

3HBHHR cneKTpa He npeabr-

C T8MH, KOTOpbiB nony4810T

)t{HOA CT8THCTHKoA' Mbl HB-

:11 KpHT9pH9B OT60pa, I! B 

IH . 

'iTO 9cpcp9KTHBH OC Tb perac

{00 H yrnoa paaneTa 160 -

H pacqeTHbiM nyTeM ( Mo.ue-

(KI'l= 0 . 19 : 0,49 : 0,32 , 

0 
!!.!!A!!_ K ~ 

lp9JJ9nHTb 0 K KBKOJ! H3 Tpex 

:pHM8H9HHH KpHT9pH9B, 

Ta6nuua II 

C p aaueuu e acpcpeKTHBHOCTeA, nonyqeHHbiX H3 poablrpbrweA 
H H3 " H9Bhi00poqHoA CT8TRCTKXH

11 

Cnoco6 nonyqeHHSI 
acpcpeKTHBHOCTH 

H9Bbl60p0'1H81I CT8THCTHK8 
MBTO.U MouTe- Kapno 

0,68 
0,66 

f • 

0,64 
0,67 

( t ( ~ 

0,43 
0,44 

HllH6onee acp¢eKTHBHbiM HBnHeTcH CT8THCTH'I9CKOe p aa.ueneHKe HenenTOHHOro K 317 ) H 

nenTOHHbiX cxeM pacna.ua. K 371 - pacna.u o6na.uaeT ManbrM aueproabr.ueneuue r.~ ( Q ) H 

MenbiMH nonepe'<Hblr.IH ur.~nynbCBMH ( P l) BTOpH'<HblX qacTHU no cpasueuuro c K
0 

3 
u K 

1
,

8
, B 

n e peM9HHblX Q H p lo KHH9M9TH'i9CKH pa3p9W 9 HHBSI 06naCTb Q H p ioCO.Uep >K HT llHWb 

ue6on bwyJO npi!M&Cb K •
3
a K fLa -pacna.uo a .unSI n ro6oro aapua HTa aaaHMo.ue AcTBHH OTBeTc Tae H-

u oro aa nenTOHHbll! pac na.u. JlnSI Bbl .UeneHHH K 871 

HCll0llb30B8HHOMy AcTb9 Jl .up. I II I H n roapcoM H 

Mbi npRMBHHnK napaMeTp, 8 H BnorH'IH bt it 

2 2 2 
M o+ M , ·- m 0 E' = 

• 2V M~+ P.io 

I l l 
.up. 

r.ne m
0

H M
0 

MBCCbi "o • K
0 

cooTBeTCTBeHHo; M t cyMMBpHaH: Macca 3 8pR>KeHHbtX liac-

THU B npe.nnono>KeHHH, qTQ OHH SIBnHIOTCSl TT -Me30H 8MH, T.e. E.._ =.JP! + m~+ 

E_=y' P:+ Plo- nonepe'l{HhiA HMnynbc He A:TpanbHOrl qac THU hi . B c HcTeM e , r.ae npo-

.UOn bHbl9 COCT8BnSIIOWH9 Hr.lllYllbCOB 38pR>K9HHb!X '19CTHU paBH bl H npOTHBOllOllO>K Hbl .Upyr .Upy-

ry, nonHaH aHeprHH 6y.UBT peBHll E' • TeopeTH'IBCKOe pacnpe.ueneHHe E '
5 
nony'leKo 

0 
Mo.uenHpoaaHHBM paanH'<HblX cxeM pacna.ua K .-MeaoHa c y'<eToM owH6oK H yKaallHHbiX 

KpHTepuea. Ha puc. 4 .uaHbl 9KcnepuMeHTMbHbre H TeopeTH'!eCKHe pacnpe.ueneHHll, HOpMHpo-

B BHHble Ha nonaoe qgcno co6biTHA, .a.nH K 
6

; K
113 

R K 317 ( KpHB8R a, s, H c -cooTaeTCTBe H-

uo) . 

TeopeTH'ieCKHe Kp HBbre nony"'BHbi B cne.uyromHx npe.unono>KeHHHx: 

I . <t>opMcpllKTOp bl .UnH H V BBpH8HT OB 8 38HMOaeACTBH H flOCTOHHHhl. 

2. JlnR v - aapaauTa B39HMO.Uel!cTBHH cpopMcp9KTOpbr K 113 pacna.ua f + = const , 

= 0 I 1 I ( K9 K 9Tor o Tpe6yeT yuHTepHa H cHMMeTp HH) . KaK BK.UHO H3 pHc, 4, co6biTHH c 

E '• > 4 93 SIBnHIOT CH B ocHOBHOM K 3 71 p acna.uaMH , a c E '
5 

< 493 - nenTOHHblMH pacna.uaMH. 

C o!SbiTHH, n onaawHe B o 6nacTb E '• < 4 93 MaB, Mbl a u anuaapyeM .unR onpe.ueneHHSI 

~ B8 pH9HT8 B38HMO.U9 l!CTBHll, n pu 9TOM n p e.unon aranocb, 'iT O [ (K .a) - 0,65, KBK 9Tor o 

Tpe6yeT fL-e yHHBepc enbHOCTb ( UpH C.Uen eHHblX Bb!LU9 npe.un onO>K9HHHX 0 cp0pMcp9KTOpax 

). A uanHa pacnpe .uen e HHSI n o n cea.uoMaccaM M t noaa on !leT c.uenaTb cne.uyrowHe 

BblBOJlbl ( Te opeTH'ieCKHe pac npe.uene HHSI n apaMeTpa 

no), 

Mt n onyqeHbi MBTO.UOM Mou Te-Kap-

I. S - aepH8 HT B38HMO.U9 J!CTBHSI H9 COrnacyeTCSI C 9KCll9pHM9 HTMbHblW. pacnpe.uene

HH9M HH UpH KllKHX COOTHOW 9HHliX M9>K.Uy B9 pOSITH OC TSI MH KfL f K e 
3

pacnll.UOB ( p (X 
2 )<< 0,001 ) , 

7 



2, Y -sapKBHT S3BBMOJl9J!CTSHll cornacyeTCll C aKcnepHM8HTMbHhiM pacnpeneneHHQM 

( P(x ") = 0,05), H a pac, 5 npaseneHbi TeopeTH'<ecKoe H axcnepaM&HTB1!hHoe pacnpen eneHHH 

Mt 

I. CooTHOllleHae Me)l{ny MOJlBMH pacna,ga K0, 

,Ll1!H 1101!y'I9HHH 0THOCKT81!bHblX S9p0!1THOCT9J! pBCRB)lB Ko 
2 

HCR01!b30BBHbl C119.8Y!Oll!H9 
COOTH OW 9HHH : 

. N K 

I.~ = 0,65; 
NK 

•a 

2, NK '" g'"+ NK ' • g'• + NK 'Jl g',..= NE' < ••a 
sp •a #ia • 

3. NK .f"g;' 
'M + N k l e g, + N K l JJ g ':I 

e 3 
8 IJ.S r- r N E ' > •• 3 

• 
.Lln11 scex MOJl pacnana g; g" Beca C06h!TKJ! C E~ «493 H E ~ > 493, COOTB9TCTB8HHO, a 

f 11 
Ko 

2 

• H N , NK , N K - acjxpeKTHSHocTH K KCTHKaoe '<Keno pacnano8 Jl Ka" ea pa 
- Me3oaos • .Lln11 s cex MOJl : g' + g"= I 

f •• 

N ' E
5

<•oa = 751 NE;>•oa =331 

.Lln11 onpeneneHHll '<Hen a co6wTHl! NK 
371 

, N x .a , 
N K#ia Mhl H3 )laHHblX, Rp8.llCTaB1!8HHbl X 

Ha psc . 4, onpe.aenHeM g' H g" 

B peaynbTaTe nonyqaeM cn enyiOume OThocKTenbHh!e eepoSITKOCTH: 

w( K
371 

)= 

w ( K •a ) 

w ( K lla) " 

1-2 (+- 0) = 0,194 + 0,023 
-~. ( 3BpiDK, ) 

!2( K ·L = 
-r-( a~psnK , ) 

2 

l2(Kf.L~) 

l~( aapsn!<, 

0,486 t. 0,06 

= 0, 32 +_ 0, 05 ' 

o· rne r 2 (aapR>K) =f.(+-0)+f2 (K •a)+ r2(Kf.Lt a6C01!lOTHall sepOliTHOCTb pacna.ua K 2Ha 

3apR)I{QHHhl9 MOJlhl, n ony'I9HHall s epOliTHOCTb w{K 371 ) Mano '<YSCTSliT81!bHa K S81!H'IHHe 
r::(K :) N 

R = ___ J1_ =~ 0,65, a KM9HHO: ecnll 0,60 < R 
1
< 0,80 ( aTo Kpallaee pacxo)l{nealfe s 1 

l2(K e 3 ) Nx . - - /24/ 
axcnepHM8HTll1!bHbl~ )laHHblX 110 S91!H'IHHe R

1 
CM, Taon,III H , TO 0,190 < w(K 

3 17
) < 0, 195 . 

0wB6KH OTHOCHTenbHbiX BepOHTHOCTeA BbP.IHCII9Hbl C yqeTOM K6K CTBTHC T H\IOCKHX , T8K H 

CHCTeMaTH'I9CKHX Oll!HOOK, 

1101 
,LlaHHhle HaCTOllll!&J! pBOOTbl H , 11011Y'<8HHbl9 S O.llHOM axcnepHMeHTe, HO pa31!H'JHhi MH 

cnoco6aMa aneHTHcj:Jaxauaa, n aiOT w ( K f.' a) = 0,326 :_ O,OD.npK aToM Mbi npeaeoperana pacna-

+ ( < /4/) .lliiMH K
0
2 ~ 17 + 11-+ y , s epOliTHOCTb KOTOpblX Mana - 2 % , 

2. npaaH1!0 OToopa 16. I I = ~ s nenTOHHhiX pacnanax, 

B nenTOHHhiX pacnanax npaBHno OToopa 16. I I = ~ .ll11ll CH1!bHO sa aaMonel!cTsyiOlllHX 

130/ 'IBCTHII cne.uy eT K3 MonenK CaxaT&I H H3 TeopHH Ka6a66o , acnonb3yiOll!el! SU 
3 

- caM-

MeT'pn to CHil.hHbiX B3BIIMOJleAC TBHA llpH o nHC8HHH C JI86blx 838HM0Jl9AC TBHA . 

8 

w ( K 311 ) 

0,1 94 :!: 0,023 

0,1 5 7 :!: 0,030 

0,151 :!: 0 ,020 

0,1 85 :. 0 ,0 35 

0 , 169 + 0 ,01 3 

,LlaHHhl 

0,4: 

0,4. 

0,41 

3To npas ano oToopa n 

Rf 

/24/ 
l-13 pa6oTw r;.2(K

03
)+r (K 

1-13 Hall!HX )laHHblX C1!E 

3TOT peaynbTaT xopomo cor 

,Ll1!R aHB1!H3a CSOJ!CTS 

6wTHJ! c E; >493 Mas, rn 

1!HOO 2) HH.llHSHJlyanbHO OTO 

TH E' • > 498 Mas, B o STO 

TH'<ecxal! cnexTp K ~ ( pB 

r.ue HH.ll9KC 
+ 

"- + ,..'~' • v 

npo6eraeT 

11++,-+,o) 

raa K -Meaoaa, CooTaome 

COOTB9TCTBYIOLUH8 06JI8CTH 

1i89TCSI , 8CJIH H8H60nbW8H Be 

llpOUO.llypa CHH)I{aQT S811H'JHH; 

Jl0-6% , a B 001!aCTH E' • 

x) A6c 01! IOTHall sepOliTHOCTb 

HOCTH r2 (aapSI)I{)
0 

RpH 



!HTIIJibHbiM pacnpe.oeneHHeM 

pHMBHT81!bHOe pacnpe.oeneHHSI 

liCDOI!b30B8Hbl CI!B.LlYIOWHB 

13 

~ > 493, COOTBBTCTBBHHO, 8 

a KCTHHHoe qucno pacna.oos 

13 ..U8HHbiX, npe.Q C T 8 BneHHbiX 

:'HOC TH: 

23 

lS , 

IOIITHOCTb p8CD8.Ll8 
0 . 

K 
2 

aa 

KpaJIHee p8CXO)I{,!l8HHe B 

TO 0,190 < w(K 
8 71

) < 0,195, 

CT8THCTH~ecKHX , T8K H 

ccnepHMBHTe, HO p831!H'IHbiMH 

OM Mbt npeue6peranH pacna-

CHI!bHO B38HMO.LlBACTBYIOWHl< 

HCUOI!b3YIOWeA SU 
3 

- cHM

tBJICTBHJI, 

w ( K arr ) 

0,194 : 0,023 

0,157 + 0,030 

0,151 + 0,020 

0,185 !. 0,035 

0,169: 0,013 

Ta6nuua Ill 
AaHHble no sepORTHOCTHM pacna.oa 

0,48 :o.o7 

0,487 ;!:0,05 

0,485 !. 0 ,040 

0,356 

0, 346 

w (K P.s ) 

:0,070 

+ 0,042 

3TO npaBHI!O OT60p8 Dp8.LlCK83btBaeT: 

= 2. 
r+ < K > + r+ < K > 8 8 #L8 

6 -1 
( 6,28 .:!: 0,39).10 ceK • 

R 

0,73 :o,t5 

0,81 : 0,19 

0,71 :!:.. 0,10 

VIa H8WHX .Ll8HHbiX cne.oyeT r. (K .8> + r 2 ( Kli8) = ( 12,1 

R f = 1,92 -t 0,34. 

3ToT peaynbT8T xopowo cornacyeTcH c \tl.I \ = ~ • 

H8CTOIIWHA 
3KCnepHMBHT 

1101 

I ll 

121 

191 

c pe.Lli\He .Ll8HHble 

AnH aHanuaa csoAcTB TpexnHOHHoro pacna.oa uccne.oosanacb nK6o: I) s c u rpynna co-

6hiTHA c E~>493 Mas, r.oe no.oasnHJOWee 6onbWHHCTBO ( - 86%) K 871 -(280 pacna.oos), 

I!H60 2) HH.LlHSH.LlY8JlbHO OT06paHHble sepOHTHOCTHblM MeTO.LlOM K 871-pacna,!lbl (229) B o6nac

TH E ~ > 498 Mas, Bo BTopoM cnyqae .oononHHTenbHo Kcnonb3osancH w ( T Ko ) -aHepre-

TH'IBCKKA cneKTp K ~ ( pHC, 3). npH aTOM COCT8BI!SII!HCb sei!H'IHHbl A I= g j! (T Ko) • 

r.oe HH.Ll8KC npo6eraeT 10 3H8'18HHJI, COOTB8TCTBYIO W HX DSITH CXeMaM pacna.oa rr!+ e=~'+ v, 
+ 

11-+p.'f ~ v 1T++rr-+rf') H .LlBYM S03MO)I{HbJM B K8)1{,!l0M cnyqae peweHHSIM .Lli!SI 3H8p-

rHH K -MeaoHa, CooTHoweHliH Me)l{.oy secaMH cne.oyJOWHe: g K : gK : gK c 6,4 : 7,6 : 86, 
e 

8 
i-!8 SiT 

cooTBBTCTBYJOWHe o6nacTH E '5 > 493, Co6btTHe u.oeHTHtPHUHpyeTcH K8K K • 
8 

HI!K K li 
8 

H HCKnJO-

A 1 .onH aTHX cxeM ~ A 1 K 
871 

-pacna.oa. TaKaH . 
npoue.oypa CHK)I{88T senH'IHHY ¢oua nenToHHbtX pacna.oos B o6nacTH E' > 493 Mas c - 14% 

.oo- 6% , a s o6nacTH E '5 > 498 Mas ¢oH cocTasnHeT scero - 4% , 

x) A6c onJOTH8H sepoliTHOCTb pacna.oa ua nenTOHHbte MO.Llbt nonyqeua H3 a6conJOTHoA sepo11T-

HOCTH r. (aapS1)1{)
0 

npHBB,!leHHOJI S T861!HUe 5, 

9 



AHM!3 pacppelleneHxa no axeprxx rr0 ytaoHa B cxcTeMe 
U9HTpa Mace w ( TJ 

PaccMoTpHM rpynny co6biTHll, Bhi.aeneHHbiX nepBbiM cnoceiou ( E~ > 493) c Bbi'IJITaKa

eM <j>oHa nenTOHHbiX pacnti.D:OB, Ha pxc. 6 npe.acT8BJI9Hhi axcnepHM9HTanbHOe pacnpe.aeneBRe 

w(T 
0 

) H T90p9TH'l9CXII9 l<pHBbl9 0 p8CC'lHT8BHb19 B pa3/IH'lHbiX npe.D:IIO/IO>K9HHSIX, 3xcnepHM811-

Ta/IbHaSI rxcTorpaMMa He cornacyeTCSI c <jlaaoBoll KpHBOll ( 1) ( P ( x 2
) << 0,001 ), Ecnx xc

nonb3oB8Tb npx6nH>K9BHQ, paccMOTpeHHOe BaliH6eproM/ll/: d N =( 1+.....!l..lc.. ) d~( T ) M 0 I 
0 • 

r.ae ~ ( TJ - aneMeHT <j>aaoaoro npoc TpaHCTBa, a M0 -Macca K 
2
• Me3eHa, TO Haxnyqwee 

cornacHe c rHCTOrpauMoll ( P ( X l • 0,30 nonyqaeTC~· npx 

a 8 2 + 1,3 
• - 0,9 

( KpHB8SI 2), 

Ha pxc. 7 npHae.aeHa xpKBaR X 
x) 

, C nOMOWblO KOTOpoll onpe.aenRIIOCb aR&'I8BR9 a H !ia , 

B Ta6nxue IV UpK119.D:9Hbl .D:aHHbl9 no a H3 pa3/IH'IHbiX pa60T, 

Ta6nxua IV 

BenH'UIHa a CchlnKH 

-8,2 + 1,3 HaCTOSiwHll 
- 0,9 axcnep. 

- 7,3 ! 1,7 / 1/ 

7,7 :. 1,6 / 2/ 

8,2! I /3/ 

7,9 :_0,6 Cp9.D:HH9 .D:8HHb19 

/ 12/ 0 
B paooTe 3HHrepa H BpayHa Hccne.aoBanacb B03MO>KHOCTb pacna.aa K 2 .. eaoHa, qepea 

npoMe>KyTO'IHOe BHpTyanbHOe COCTOSIHHe c y'laCTHeM (j JlHUHOHa ( M (j - 400 M3B, r (j ~ 

-tOO MaB ) c ~30TOnH'I9CKHM cnKHOM I = 0 H J PG = o++. J.1MK nonyqeHo Jl/I!I pacnpe.aeneHHSI 

w ( T 0 ) cne.ay10wee Bblpa>KeHHe: 

dN = 
cd ell (T o ) r.ae A 

2 2 
(Mo-m ) -Mo 

B ~ 
(A-T 

0
) \ B 2 2M 

0 2M
0 

Haw• .aaHHble .aaJOT M • 350 .! 10 MaB, fa 75 ! 15 MaB xpKBaSI 3, pHc. 6, P(x~-

• 0,30 ) . 3TH aHa'!eHHH ObiUH nony'leHbi Ha ycnoBHSI Maxc xMyMa P(x 2) 

Cne.ayeT nonqepxHyTb, 'ITO aHanorK'lHhie pacnpeneneHKSI w ( T) H 

Haxon>ITCH B xopoweM cornacxx c <jlaaoaoll xpxaoll P(x 2) • 0,47 nnR 

x) 2 
Owx6xa cooTBeTcTayeT HaMeHeHHIO P(x ) a e paa. 

10 

•a nnocxocTH M , r<·~ 
(j (j 

w ( Tj (pxc, 9) 

TT + H P(x 2 ) • 0,23• 

nn• _, +x P(x ')• 0,23-n1 

BO.Ll:bl H II9Cb UOC/19tlYIOWI 

cnoco6oM. 

Ha pxcyHKe 9 (a) n 

229 K~-co6b1Tllll. Ha px 

MeHHbiM Aanxna X B 

3xcnepBM9HTallbHOe pacnp 

annpOKCHMBpOBaTb CII9tlYK 

KOTopble onpenenSIJOT cne.z: 

npe 3TOM Nx>o• liS H 

b.... 

Bb!BOtlhi, nonyqeHHbll 

B9CTH Cp811H9HH9 C Tp9MH 

a) npRMoll nepexon 

noxaaaHo 1px6oBbiM 11 np. 

10 a ). J.1a pa60Tbl Callep 

+ ' fT - -MQ30HOB B f B 

6opa IL'>II=~ , Torna 

<l>eppo-nyax x np/ 151 no 

>K8BHe, CBSI3hlB810LUee .rtnH: 

B8TCTBYKHUB8 3H8'18HBHM E 

K co>KMeHKJO, B eacTOilw 
0 

x naHHble no K 2 -Meaoxa 

tlyXTOB pacnana C TO'IHOC' 

tlMO 15bl B03MO>KHOCTb OUJ 

B) BaaKMonelcTBIIe 

aBTOpOB/ 16• 17• 181 pace! 

'19p93 OtlHOnHOHH09 UpOM9> 

OtlBHaKOBa tlllll BC9X Tp9X 



18 B CHCTeMe 

tM ( E ~ > 493) C Sbl'liiTA»a

IMeHTanbHOe pacnpeltenelllle 

8ltR01lO)I{8HHSIX, 3xcnepHMell-

( X 
2

) « 0,001). Ec1IH ac

( 1+J.L..) d<l>( To )1 
l M• 
2

• Me3eHa, TO aaanyqwee 

~pHBaSI 2), 

e 

pacnana K
0

0Me3oHa, qepe3 

3 ( Mu - 400 Mas, ru 

onyqeHo ltllH pacnpeneneHHR 

B 

KpHaaR 3, puc. 6, P(x"J· 

~ ()( 2) 

T ) R 
+ 

7 lt11SI 

Ha nnoc KOCTH M • r<·~ 
u u 

w ( Tj (pac. 9) 

"+" P(x 2
) - 0,23. 

,- • CnexTpbl + 
7f H " COBilAltAJOT: ( p ( )( 2J • 0,83), 3TH Bbl-

SOltbl H BeCb nocneltyJOWHA 8H81IH3 OTHOCIITCSI lt rpynne K
871 

C06biTHA, OT06pAHHbiX STOpbiM 

cnoco6oM, 

2. AaarpaMM& Aanaua ll11SI Kag pacnalla 

229 

Ha pacyaxe 9 (a) npeltcTasneao pacnpelteneaae TO'IeK aa ltRarpaMMe Aanaua ltllll 

K~-co6b1THA, Ha pRe, 9 (a,B) npHBOltliTCH pacnpelteneHHe no Tax Ha3b1BaeMbJM nepe

MeHHbiM Aan11ua 
/29/ 

H y 

x = .Yl( T - T 
Q + l.!.o- 1 ' 

Tmax 

3KcnepRMeHTa1IbH09 pacnpeltelleHRe, HcnpaB118HHOe Ha 3cPcPeKTHBHOCTb perHCTpaUHH, MO)I{HO 

annpOKCHMllpOBaTb ClleltyJOillHMH Bblpa)l{eHHS!MH: 

w (x)= 1 

w(y)=1-(0,8 +_0,3)y, 

KOTOpble onpeltellstJOT cneltyJOillRA BHlt KBaltpaTa MBTPR'<Horo aneMeHTa I M ( x, y) I ; 1- (0,8+_0,2)y. 

npa 3TOM Nx>o• 115 B Nx<o • 114, 

3. AaanHa B03MO.>KHhlX MexauaaMOB nepexop.a K~~,a 

BbiBOltbi, nony'leHHble B npeltblltym ax pa3ltenax 3TO A rnaBbi, ltaJOT B03MO)I{HOCTb npo-

BeCTB cpaBHeHBe C TpeM!I npelt110)1{9HHbiMH MexaHH3MaMB nepeXOlta, 

a) npstMOA nepeXOlt C B3aHMOlteACTBBeM S KOHe'IHOM COCTOIIHHH, B 3TOM cnyqae, KaK 

no1ta3aHo rpaiSOBbiM II ltp/
13•321 • Ka, pacnalt MO)I{HO npeltCTBBHTb nuarpaMMaMH ( puc. 

10 a ). l-13 paiSOTbl CaAepa R Bana
1171 

cnenyeT, 'ITO aHepreTH'IecKHe cneKTpbl HenapHbiX 

rr :..-MeaoHOB a r' R rr0 B K0
2 -pacnanax o.naaaxoabl B c nyqae BhinonaeHH11: npaaana OT-

6opa lt. II=~ • Torn a 83 cPOPMY11 rpa6osa
1321 

B 11HHeliHOM npu6nHlK8HHB H3 naHHbiX 

cl>eppo-ny3B R np/
151 

no pacnany H H3 Hamux naaHbiX, nonyqaeTcst c nenyJOmee Bblpa-

>K9RH9 1 CBSI3&1B810Ul99 .an&Hbl p8CC9SIHHSI S - S011HOSOrO TTTT -.p8CC9SIHBR a
0 

H a
2 

, COOT-

B8TCTSYJOillBe 3Ha'leHBRM H30TOnHqec KOrO CnHHa 0 H 2 : 

a~ -0,9 a
0 

a
2

+0,4 a~ -- 0,6t0,8+. 

K CO)I{8118HRJO, B aacToamee speMll see HMeJOmHeCSI no K- -qacTHUaM naHHble, pasao KaK 

H naHHble no 
0 

K
2 

-Me30HaM, He noasonHJOT npoBeCTII aaanR3 yrnosoro pacnpeneneHHH npo-

lt:11tTOB pacnana C TO'IHOCTbJO, ltOCTaTO'IHOA lt11SI nonyqeHHll ewe OltHOrO ypaBHeHHH, KOTOpOe 

lt81IO 6bl B03!110lKHOCTb onpenenRTb ltllHHbl paccestHHSI 8 O H a 
2 

s) B3&HMOltelcTBIIe qepe3 onaonxoaaoe npoMe)l{yTO'IHOe cocTOHHHe, PHnoM 

aBTOpos
116• 17• 181 

p8CCMATpRBaeTCSI MexaHR3M nepexona K: ,r' H '1 -qacTHil B 371 

qepe3 OltHOnHOHHOe npo!lle)l{yTO'IHOe COCTOSIHHe, 8 3TOM cnyqae KOHeqHa!l nHOHHall BepWHHa 

OltHHaKOBa lt11SI BCeX TpeX pacn&ltOB ( pHC, 10 B) H, C119ltOBaTe1IbHO, HX M8TpH'1Hble 31leMeHTbl 

11 



nponopuHoKanbHhl H pa311R'I&JOTCK JIRWb nocToHKKWM MKO>KRT&JI&M , M llTpR'IKbiA anaMeHT nepe -

XOJlll qepea OJlHOnHOKHOe npOM&>KyTO'IK09 COCTOKHH& Onl1Cb!B89TCK Bblp&>K9HII9M 0 

M = c ( 1 + b 
5 

& - s o), rJle 
5 

a- 2
9

n = - 4 ~ y.HawH JlAKHbl& Jl&JOT B9JIII'IIIHy 

m~ m, 717.ml9. 20 21/ 
b • 0,27 ;:!:0,05, CpaBHeHRe c Jl&HHbiMJI pa60T ' ' ' Jl&&T CJI&JlyJOWIIe OTHOilla-

HHH! bKo/ b , • 1,13 + 0,22; bK o I b, • 1,65 + 0,40 BM8CTO O>KHJl89MOI 1, JlaKHble 
2 r - 2 ., -

H8W9I'O 8KCnepKM9HT8 He IICKJIJO'IIlJOT B03MO>KHOCTH nep8X0Jl ll qepe3 0JliiOnJIOHH09 B3811M0Jl8JI• 

C TBHe. 

c ) B nepaoa q a c TH a T o A rnaabl ( p11c , 6, KpKBaK 3) 6blna npoaKan•a•poaaKa aoaMo>K

HOCTb nep&XO.!l8 q e p e 3 npoM&>KyTO'IH09 U - JlllnHOHHOe COC T OKHII& (rpAcjlltK ¢>&1HM8HA
0 

noKA-

3 8H ua p Re. 10 c) , TaKHM o 6paa oM, HM e JO W H &C K aKcnepKM&KTMbHbl& Jl&KKbl e ue tl&JOT· aoa

MO>KHOCTH OtlH03H6'1HO p& WKT J, B On p oc 0 TOM , KAKOll H3 Tp&X p&CCMOTp&HKb! X M 9X8XH3 MOII 

p a c n &Jl6 KBJIKQTCK OOII OB Hbl M, 

4 , n poB&DK8 CM,gC T FlliA CP-ayapxaHTJ!OCTII_ 

B c n y q ae , ecn K C P-HKB apKaHT HO.:: Tb c o x paliKeTCR, cn'i!KTp bl w ( T) K w ( T J o.c;K-

/1 7/ + -
H&KOBbl , a tlec b T + , T _aHepr HK " H rr c o o TBeTCTBeKHO, H a MK 6 blno noKaaa Ho a 

nepaoA 'i&CT K 3 TOA r naabl ( pRe, 8 ) , 'iTO STH c n e KTpbi xopow o c o a n a .c;aloT, 0THOllleMKe 'IKCn a 

co6b1TK A, r.c;e T +> T _, K q Kcny co6 b! T K A, r .c;e T + < T _ , .c; o n >KHO pMHKT bC H e .Q!!!Ut ll& , 

B a AH6epr H TpeAMaH
1221 

npetlnlU''.'JOT K c n or.b30B AT b <>TO OTHoweKa e JlJIH o6Hapy >K e HH >t cTe-

N( T > T ) IH 
neHH Hecoxpa HeHK :J C""- KHBapHA H'ri!OCTlf. B H a weM cny'iae -N ( T~ = ............ = 1 + 0,13 , 

+ < T j 114 -
3To roaopHT o TO M. 'iTo,o'ie BHtl HO, cTen.:.H b u a pyweHHK C P He BenRKa. Jlnll T o r o, 'IT06 bl 

- 3 /23/ 
T a KH M c n oco6oM 6 1>1110 ::>6~apy>KOHO napywa u a e C P n o pKt'.Kil c " 2 . 10 Hy >K K a 

6 
c TaTKCT HKa ~ 10 p ac<latlOB K 371 • 

§.._[lpo a e pKa n peAC K a aaHali n paa~< l!l or6o p a I tl ll = \\ 

B KllCTOKil.lRli MOM eHT see a Kc nepaMeHT&n bHbl& .c;a HHhi e no Ren e n TOHHbiM p acn a .c;aM xo

p o wo y.c;oane TaopKJOT npa aHny o T 6op a l tll l= \) · 
1241

• B •ac THOC TH, OHO xopowo Bblnon-

HKSTCH B pacna.Qax K0

2 
~ 3 rr • O tlHAKO xopowaK &blnonHHMOCTb npaaHna oT6opa 

B C1ly'i&9 K0 ~ 3 rr 
2 

pacna.Qa M O>K&T 6b1Th o6ycnoaneaa .lliiYMH npltUH&MII! 

IM I~ II 

1, narpaH>K118H CJI460r0 B3811MOJl9ICTIIHlt Jl1llt H&JI&nTOIIHbiX pacn&tlOII tlOJIYCK89T 1liiJJlb 

nepeXOJlbl c I tl I I = \ol ( np&IIIIJIO I ti l I = \\ HBnH&TC!I CTpOrHM), 

2. narpaH>KHAH cna6oro B381tMO,I:IelcTBHH .o:onycK8eT nepexo.c;w c JIJ06b1Mit I tli I ' 
OtlHSKO, 11eca a MnnHTYtl nepexo.aa c I tll 1- 3/2 MaJJbl acnaJlCTBIIe AHH&MHKII nepexoJla a 

TpexnHOHHO& COCTOKHH&, 8 nepBOM cnyqae OTKJIOH&RHH OT n~e.O:CK838HRJI np&llll1l OT60pa 

l fll I • \\ MO>KeT 6b1Tb o6yCJIOBJI9HO 8JI91CTpoMarHHTHbiMII B38HMO.O:&ICTBIIHMR, He 

HBJIKIOillHMHCK KaoTon-auaa pRaHTHbi MR ( uapyweHRll = 10-4 ). Bo BTOpoM cnyqae MO>KHO 

O>KKl18Tb 60JI99 3H8'1HT9 JibHbiX H&pyW&HHI , 0 6Hapy>K&HH9 KOTOpbiX M OrJIO 6bl npOJIHTb CBeT 

12 

I 

He np11po.lly c na6oro B31111MOJ 

TMbHbl9 Jl&KHbliJ B H&C'l'OKll 

'IIJHHbiMH, 'IT06bl HCKJIJO'lliTb 

M bi aoc nonb3y&MCK Jl&l 

nony'I&HHbiX HAMil JlAHHbiX C 

JlaKKbl& no 

C·pAB118KIIK n 

Tan pacna.c;a 

R 0603K8'1911HK 

1. r
2 

(000) · 

2. r
2 

(ace M o.c;w ) 

3. r
2 

(aapK>K ) 

4 . r 
2 

( aapK>K ) 

5. r
2 

(aap•>K ) 

a. r
2 (+00) 

To'IHble npe.llCK&34HIIll, cne.o 

B M 9CT9 C 8 KCnepiiM8HTilJibHb 

npetlCK831lKHS 

J.1a pa6.0Tbl CoAepa K BE 

(npeMoA nepexo.c; c B38H 

CTBK9M B ~OHeqHQM COCT 

I. 

2. 

3. 

R • 
I 

f2(+-0) -2,0 

r+(OO+l 

R - r2 (OOO).o,76 r. 
2 

r 2 (+-0l r+ 

(•) 
( R 2 - 1,74 -:_0,12) 

ar' 

a Ko 
2 

- 1 

(*) ]l8HHb19 B311Tbl H3 / 24 / 
(••) CpaaK&HH& npoee.o:eHo < 



'.\ aTpH'IH&IA 81!8M8HT nepe -

8 blp8>K8HK 9 M 1 

.llAHH&l8 JlA!OT 11 81!11'111Hy 

J;88T Cl!&.lly iOll.lR8 OTHOllle

) O)f(BJlAeM o l 1. JlaHHl>!e 

3 O.ll iiOniiOHH08 113811 M O.ll81-

IOAHAnH3Hp011AHA 110311ofO)f(

( rpacpn: <l>eluMa Ha no!Ca-

hl8 Jl8 HH&le He JlAIOT aoa-

MOTp8 HH&lX MQX AHII3MOII 

w ( Tj H " ( Tj O,llH-

H &M H 6bll!O IT OKB38HO 8 

~fiAJl AlOT , 0 THOlll 8HH8 'IHC1!8 

KHO p e.!!llltTbCH 8,ll!!HJIU8 , 

He .llllil o 6HapylKeH!IH c Te

> T_)= - ill. ~ 1+ 0 13 
< T J 114 - ' ' 

·l!HKa, JlnH TOr o, 'ITOl5bl 

• 2 .10- 3 /~3/ Hy )f( HS 

o pa It. I I = ~ 

!nenTOHHhiM pa.cna.a.aM xo-

: TH , ouo x opow o Bhlnon-

p a e11na oTl5opa 

npHURAMH: 

pacnA,llOII JlOUYCIAe T l!HJllb 

~oraM ) . 

) Jlbl c 1!!06b!MH I !1 I I , 
H8 JliiHAMHKII nepeXO.llA 8 

a3aHuA upa11an oTl5opa 

B38HM O.ll8IICTIIIIIIMH, He 

BTOp OM Cl!y'tae MO)f(HO 

M o r no 6l>! n ponRTb c aeT 

til 

! 

. I 
f 

Ha npxpo.lly cnal5oro 113AHMO.llelcTBH>I a HenenTOHH&Ix pacna.llax. K co)f(aneuHIO, sxcnepHMeH

Tan&H&Ie JlAHHhl8 B HAC'l'O>IlllKA M OM8HT 8lll8 He SliiJlli!OTCll HACTOl!W:O C TATHCTH'l&CitH ol5ecn e -

'18HH&IMII, 'ITOl5&I HCKl!lO'liiTb TOT Kl!H HHOII 11ApH8HT, OCy ll.l &cTIIl!lleM&II B n pHpO.ll e • 

M &I eocnonb3y&MC H .llAHH&IMH Jlpyrux pal5oT ( Ta6nxua VI ) , 'ITOl5 &I n poBeCTH c paBH&HHe 

nony't&HH&IX HAMH Jl&HH&IX C npe.llC KA3AHHHMII npaBIIl! OT6opa ( /1 1 ) • 

Tal5nuua V 

JlAHHhl8 no a l5C 01I!OTH&IM BepOHTHOCTHM, BC!l01Ib3Y8 M hle Jll!H 

c -pAB118HHH npe.llCKA3AHHA n paeBna oT6opa I !1 1 I = IS • 

Tan pacna,lla 3~'18HH8 B e l!H'IHHW 
C c&InKa 

H Ol503HA 'IeHHH 10 c eK-1 a 6 c oniOT-

HOlt 89pOHT HOCTH 

1 . '2 ( 000 ) · 5, 1 ! 1 ,2 / 2 5/ 

2. '2 ( ace M O.llw ) 19 ! 2 __):;.81 

3. '2 (3apll lK ) 13,9 ! 2 ,2 / 2 5 / , / 2 6 / 

4 . r 2 ( 3Apll)f() 16.1 ! 2,2 / 27/ 

5 . ' 2 ( 3Apll)f() 15 ! 1 , 8 / 2 5/ , / 2 6 / , / 27/ 

6. '2 ( +00 ) I ,41 + 0,08 / 24/ 

To'IH&Ie np&JlCK&3&HIIll, c ne.llyiO ll.lHe B 3 upaean oTl5opa I .!1 I I~ IS npe.llc Taan&Hhl 11 T a6nHue VI 

B M 8CT9 C 3 KCllepHMeHT&nbHbiMH ll,8HHhi MR • 

Ta6nana VI 

npe.llCK838HBH npaallna OT6opa 11111= ~ 
.Q8HHbi9 

II 3KCnep11MeHT81IbH&l8 

B 
1141 

113 pa6,0Tbl CoAe pa H enB 
( npHMOA nepeXO.ll C 83a.HMO.lleli

CTBH8M B KOH8'1HOM COCTORHHII) 

1. 

2. 

3. 

R • 
I 

r 2 (+-0l -2,064 
r.<oo+) 

R 
2
= r 2 <000>- o,76 r.<++-l_ o,606 

r 2 (+-0) r+(+OOl 

( R 2 a 1,74 "t,0,12) 
(•) 

a r' 
= 1 

(*) JlaHH&Ie B3HT&l 03 /24 / 

113 pa6oT&I Epa yua 

11 3KHrepa 

M -400; r -100 

1. R 1• 2,22 

2. R 2~ 1,66 

(••) CpaaueHxe npoae,lleHo c .llAHH&IMH pal5oT&I /20/ 

13 

3xc nepBM AHT8 1IbHhl8 

.a.aHHble 

1. 

2. 

s. 

R 
1
= 2,06 !. 0,36 

R 
2
• 1, 76 +_ 0,51 

ar' 

aK0 

2 

( .. ) 
0,83 -1:.. 0,16 



+ 
Yfa 3TOA Ta6nHUbl MO:>KHO 38XJIK>'IHTb, 'ITO H8WH .ll8HHbte B COBOKYUHOCTH C Jl8HHbiMH UO K 

H K~ -+ 3rr0 B npe.o.enaA owu6oK y .o.osneTaopsuoT npaaHny I !1 I I = ~ , npH'tBM HMPBTCll co-

rnacue KaK c Mo.o.enbJO CoAepa H BenH, TaK H 3HHrepa-Epayua, O.o.uaKo Mbl BH.llHM, 'tTO paa· 

OH'tHll B npe.O.CKa3aHHliX pa3Hb!X .llHHaMH'tBCKHX MO.ll909A .llOBOObHO 3Ha'tHT90bHbl H U03TOMy 

MO:>K HO Ha.ll9liTbCll C.llenaTb Bbt60p MB:>K.lly HHMH UpH yBBOH'tBHHH CTaTHCTH'tBCKOA TO'tHOCTH, 

ecnH npaaHno oT6opa RBnReTc ll cTpOrHM , 3.o.ecb HY:>KHO OTMBTHTb, 'tTO npe.o.cKaaaKHR CoAepa 

11 BenH aaBHCRT OT cywecTaoaaHKR C P- HKBapuaHTKOCTK a pacna.o.ax, a npe.o.cKaaaHK R 3uu-

repa-Epayua - OT WBpHHbl H MBCCbl U -.O.HUHOHa ( npaa.o.a, OTHOW9HH9 R 1 H3 Ta6n, VI 

MaOO'I)'BCTBHT90 bHO K 3THM napa!lleTpa!ll ) , 

EcnB :>Ke C'lHTaTb, 'ITO paapeweHbl nepexo.llb1 c mo6b!M I/'; I I r TO B 3TOM c-nyqae 

Tpe6oaaHHll cTaTBC THKH Eoae K C P-uuaapHaHTKoCTB, .o.onycKatOmeA TOnbKO I= 1 H 1=3 
- / 28/ 

COCTOIIHBH KOH9'1HhlX TpeX 71 M930JIOB 1 .QalOT OTH OWeHH9 

R = r 2 (OOO) = 1,888 < s 1 - s > 2 , 
2 r (+- o) < s + 3/2 s > + N 2 

2 1 3 1 

r.o.e s 
1 

B N 
1 

- cooTBeTCTB9HHO CBMM9TpK'IHas H H9CHMMeTpH 'iH8SI I= 1 BMUOHTy.lla 3rr 

H s 3 CHMMBTpB'tHaR I= 3 aMnnKTy.o.a. Aauuoe paaeHCTBO noaaonReT oaeHHTb s 
3 

aMnnHTy.o.y. 

EcnH npeue6pe'tb N 1 -aMnnHTy.o.oA To: s 8 Is 1 = 0,02 ;t.0,04 ; ecnu - s 
3

, To: 

N 1 / s 1 ~ 0,23 !... 0,61 , B cnyqae, ecnB a 3rr -pacna.o.e .llOMHHHpyeT CHMM9TpR'tHBH 

aMUOHTy.lla 3-x KOH9'tHWX IT -MQ30HOB , TOr.o.a OC069HHO 'tyBCTBKT90bHblM K nepQXO.llBM 

I/'; I I ~ 3/2 liBOliQTCll OTHOI.UBHH/
281 

r 2 ( +- o ~ [ s 1 < ~ > + s 2( 3/2) \l 

r+ < + oo > [ s 
1 
< ~ - ~ s J312) J 2 

• 2, 064. 

P.ll9 S 
1 
(~) CHMM9TpH'tHall aMUOHTy.lla nepexo.o.a I !11 I=~. 

s (3/2):::KMM9TpH'tHaR aMnnKTy.o.a nepexo.o.a I/'; I I = 3/ 2. 
2 

Yf3 3TOPO paaQHCTB8 MO:>KHO nony'lHTb: 
s2(3/2) =0 +004 
~ . . 

B aaKntO'l&HBe aaTopbl C'lHTBtOT npHliTHbiM .u.onroM no6naro.o.apHTb E,M.nouTeKopBo aa 

nno.o.oTaopuoe o6cy:>K.lleHHll, B,YI,BeKcnepa, YI.B.t.!yaxno aa nocTOliHHb1A HHTep"c K pa6oTe, 

3.n. AHApOHHKawaJUIIl, B.n.JJ,:>Kenenoaa • 3.W. MaHAJKaaHAae aa no.o..o.ep:>KKY, Mbl TBJt:>Ke 

6naro.o.apHM na6opaHTOB B M9X8HBKOB Yf,ipa¢oaa, n,IOH'tapoay , n,)f<a6BHa, n,nl06JIMOBy, 

Jl,Caep.o.nxuy. B,CMIIpHOB-11, B.CTenauoay. n,c;.naToay. n.<t>xnannoay. a T8K:>Ke CTy .ll81ITOB 

O.JJ,yM6paAca • B.HoBKKOaa aa noae.o.euue pac'teToa, 
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+ 
oKynaocTH c .z:t8HHb1MH no K 

II = ~ , npH'IeM HM P&TCR co

l, 0.z:tH8KO Mhl BH.llHM, 'ITO p83' 

3HO 3H8'1HTen&Hbl H fl09TOMy 

H CT8TKCTR'IeCKOA TO'IHOCTH, 

Tb, 'ITO npe.ncK838HHR CoAep8 

cn8.nax, 8 npe.ncK838HH R 3aH

OTHOIU&HHe R 
1 

H3 T86n. VI 

1'1 II , To s 3TOM cnyqae 

w eA TOnbKO 1 = 1 8 I= 3 

'IH8Sl I= 1 8MnnHTy.lla 37T 

onsr:eT oueHHTb S 
3 

8MnUHTyJly, 

; ecnu S 
3

, TO: 

lOMHHHpyeT CHMM9TpH'IHBR S I 

'CTBHT9nbHbfM K nepQXO.ll8M 

64. 

o.napHTb 6.M.noaTeKopso 38 

TORHHbiQ HHT9p11C K p8150Te, 

• 38 no.n.nep>Kxy. Mbl T8JC>Ke 

, n,)f(815HH8, n.nJOISBMOBy, 

nnosy, 8 T8K>Ke CTY.ll8BTOB 

( 1964), 

3. A.Abashian, R.J.Abrams, D,W,Carpenter, G,P,Fisher, B,M,K,:l-efr~ns and J,H,Smith 

Phys, Rev, Lett., g. 243 ( 1964), 
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A•arpaMMW c:t>eliHMaHa nepexo .uos B KOH9'1HOQ 3n cocTOliHHe, npH pa3nH'IHblX 

npe.unono5KeHllliX 0 M9X8HH3M9 nepexo.ua. a) npliMOI nepeXO.Il C B38HMO.UeJI

CTIIH"M B ICOH8'1HOM COCTOIIH!lH, 1!1) nepaXO.Il '1<!pe3 O.UHOllHOHHOe npOMe>KyTO'I

IIOe COCTOHHB&. C ) nep&XO.Il 'lep&3 0 -.ollnliOHHOe npoMe>KyTO'IHOe COCTOSIHHe 

( pe30B8HC Bpayua- 3HBrepa 1. 


