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1. Bee_oeHue 

~ns onncaHns ~ayxqacTnqHMX Koppensnnu.anocne~Hee 
apeM.II 6Mna npnMeHeHa Mo.ti,em. Mronnepa- Pe~:>Ke /MPM/ /1 I, 
a TaK:>Ke ·MynLTnnepn4Jepnqeci<as KnacTepHas Mo~em. /MKM/ 
n ~ndJpaKunoHHas KnacTepHa.ll Mo~em. /JJ.KM/ /2/. · ·. 

B paMKax 3THX :M:o~eneu .6y~yT paccMoTpeHM :~aHHMe 
no KoppensUH.IIM npn P · = 40 T:JB/c ~ns rr +" +<;,-rr +- n 
TT -TT- -n.ap MC30HOB. ,B Tep~HHaX npo~onLHMX _ 6MCTpOT / 
H a3HMyTanLHMX yrnOB. ~ 

He~asHo 6MnH ony6nnKoaaHM ~aHHMe no ~ayxqacTn<iHMM 
KoppensunsM a PP- HHKni03HBHMX peaKUnsx npn 3Heprnsx 
NALn ISH. IJMno Haii~eHo, qTo· KoppensnnoHHas 4JyHKUHB, 

. . ... 1 

onpe~eneHHas B an~e 

2 , 
d a da da 

H(y1 ,y2) a. ./--·-·---1 
m·dy dy · dy ·dy 

1 2 1 2 

/1/ 

~ns KOM6HHaD;HH THna 3apB)I(CHHaB - 3ap.ll)l(eH·HaB / 3/ H 3a
ps>KeHHaB - _HeHTpanLHaB / 4/, 06HapY:>KHBaeT B OCHOBHOM 
6nH)I(HHe Koppensn:nn_ c xapaKTepHoii )lnnnoii A = 1 + 2. · 

· B Ta6n. 1 ,2 npnae~eHM neKoTopMe ony6nnKoBaHHMe 
3HaqeHHB ·41YHKU~H H(y ,·y· 2 ) npn ~~=y 

2
=0 /3, 4,_~1. 3Ta 

BennqnHa C yqeTOM oum6oK H3MepeHHH He 3aBHCHT OT 3Hep
rHH CTOnKHOBCHHB • 

. ~aHHMe no a3HMyTanLHMM KOppenBD;HBM.B pp -CTOnKHo-
BCHHBX, nonyqeHHMe Ha ISH /3,4~ ca~eTenLCTBYJOT o6 . . 

OTCYTCTBHH CHnLHMX 6nH)I(HHX KOppenBUHH B · npe~enax 
OWH60K H3MepeHHH. 

B pa3~ene· 2 npnao~sTcs· 3KcnepnMeHTam.Hwe _pe3ym.
TaTLI npn' p = 40 F_:JB/c. Mo~enn o6c~aiOTCB: B pa3-
~ene 3. B qeTaepToM pa3~ene npoao~TC.II cpaaHeHne ~aHHMX 
no rrN ~c.oy~apeHHBM npn P = 40 T:JB/c c pe3ynbTaTaMH 
NAL H ISH H ~enaeTcB ps~ BLIBO~oa. 
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T~ I. SitcnepDemam,BHe SHa"'emm xoppe.nSitJfoHHol ipyHKitM a 
' ' ' ' ,., . . . 

k t 'i . \f. ) npx \f.~ '1 = ·~' · B pp-Bsam.o.ttelcnJiri: no ASH1JJDf J.) J'- . . ' . ·. ~ . 

AN~.·· 15 R.. 

R(O,O)npH .. R(O,O) npH 
TBII naps· 102 r3B/c. /58./ · · 205 r3B/c /56/ 

. K(O,O) npH Vs:. 
23 + 63 r3B/c /3,4/ 

-···t ··~ Jt'"' I. TC 
. -t· 

o ·s~o ·asxl · 
f . - .• •, 0, 5Q:O, 05 0, 65,±0;.05 

·TL_- 'f 
-t __ , 

; l I L 
..,.._:.; ·-, t 
It. /. 

:0,7 ±0,08 
. 0,5 +0,08. -7[- I L - . 0,4 j:O,OS 

( 0, 55_t0, 14) _.( 0, 68;±,0, I) 
' . 

0,67+0,06 -0,25j;0,06 . ' 
0,38+0,06 

' ·-
'' ·.,. 

TacSJum.a 2., .31tcnepoeB'ra.JIDHHe SH8.'18HJUI ItOppeJIHTtJIOHHOI tl'BlU\U . c 

. . ' R t J i )~·~) np~:'.-~1 = ~~.; 0 B IrP -BSSBMO.B;eiCTBBRX ~~~ Ito raB 

Tm naps !., ~ (0,0) 
' ' ' 

\'' 
0,6_ 5 +. 0,07 -. ' -+ -f { ,.r- rr -. : 0,26±.0,10 

·.; .... '. 

·'' I 

.. .. Ta6JJ:JUta. 3. KoaiJPJillll'eH'fH _ac..eTPu · pacnpe.tte.ue~.no pasBoc'tx. ~·-
. ... ·,.. MY'faJII.HHX. )TJIOB.:B Irp-Bsa&o.neiCTBBSX· npx' P=4o r3B/c 

Cll, 

;[t'f: '. 
- + . .f ;{·-[[-

I 

,,, ' ' 

0,062 + 0,006 
_,; -- ',;. ~ ·,, 

., ·. 
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2. 3KcnepUMeH111ClAbHbre OQHHl~~e. no. KOppeAJiijUJIM 
e 17- p- e3auMooeiicmeuJIX. npu P .= 40 T3B/c 

IIpHBe,AeHHble pe3ynLTaTbl '6blnH nony'leHLI Ha MaTepHane 
17-P.-B3aHMO,AeHCTBHH npH P = 40 f3B/c,. Ha6mo,AeHHLIX 
B 2-14eTpOBOH nponaHOBOH Ka¥epe / 6 

• . . 
Koppemm,HoHHble lilYHKUHH BH.Aa /1/ ,AHJI17 +17 -:-_, 17-17--H 

17 + 17 + -K.OM6HHaUHH npe,ACTaBneHbl Ha pHC. 1a,6,c COOTBeT
CTBeHHO. lf3 pHCYHKOB BH,AHO, 'ITO ,AHJI BCeX KOM6HHaiJ;HH 
R -clJyHKUHJI HMeeT nonmKHTenLHble 3Ha'leHHJI B neHTpanLHOH 
o6nacTH .. (y

1 
"'·Y 2 "' O).B Ta6n. 2 ,AaHLI 3Ha'leHHJI R(O,O),AnJI 

Q5<Yz<05 

yl 

H 

c/ 

~ 

~ 
PHc. 1, 3KcnepB:MeHTanLHLie 3Ha'le.HHJI · KoppenJIUHOHHOH 
$yHKUHH R ( y , y ) .AHJI peaKUHH 17- p-+ 171 +17 2 + • •• npH 
P = 40 F3B/c: a/ ,AnJI 17+17 --nap; 6/ .AHJI 17- 17- -nap; 
a/ ,AnJI 17+17 +. -nap. . · · . 
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.-17..:..17--,17+11'--H 11+11+-_nap. ¢,yHK~H11 .. R(y1 ,y2 ) .IJ;ll11 17+17-

nap noKa3aHa Ha pHc; 2 B nonynorapHdJMH'Ieci<oM MacwTa6e 
· c ~enLIO onpe~eneHHH KoppenH~oimoii: MHHbi. CnnoWHaH 
.nHHH11 H306pa:>KaeT dJYH~HIO BH,IJ;a exp (-~y/2) • __ . 

. 3Ha'leHH11 K034JdJH~HeHTa aCHMMeTpHH pacnpe,IJ;eneHH11 no 
yrnaM ( ¢) Me:>K.IJ;y nonepe'IHbiMH HMnynLca:MH, onpe,IJ;eneHHoro 
no dJop_Myne: 

1712 
· 

i ~a¢- r 
A 17/2 d¢ . 0 

17~ d¢ 
Jo. d¢ 

da d¢ 
·d¢ 

-

/2/ 

+ - + + ,nn11 17 17 - H ,I:{ll11 17 17 -H 17 17 -nap, B311TbiX BMeCTe, 
npHBe.IJ;eHhl B Ta6n. 3. 

--I 
~. 
~ 

' ~.5 
\& 

.2 

I • 
. .1 

.05 

3C·+p-- ~+ + 1r- .. ... 

• ·f" v.<-.5 
• -.5 <IJ,< -a 

~ 

'Cl .!'< y, ~- ~ 
"0<!:1,<.5 

2 
AV • Ya·Yc 

·. 
PHc. 2. 3KcnepHMeHTanLHble 3Ha'leHH11 R -dJyH~HH H pe-
3~nLTaT HX dJHTHpOBaHH11: cnnOWHble np11Mble - tPYH~H11 

' I~YI 
0,65 exp(- -

2
-) 

8 
".-·<·" 

.1. . 

,.. 

t\ -

r 
3. MooeAU poxoeHUJI '-laC mUll u oeyx'-laCmU'-IHble KoppeAJiijUU 

B nocne.nHee Bpe,M11 p11.IJ;OM aBTOp_OB /7-':- 9 I 6wila np~MeHe
Ha MPM .IJ;nH oriHcaHHH .IJ;:ByxqacTH>iHwx KoppenH~Hii:. · 

Mronnep- pe.IJ;:>Ke - )J,HarpaMMa po:>K.IJ;eHH11 .IJ;BYX nHOHOB 
B ~eHTpanLHOH o6naCTH, noKa3aHHa11 Ha pHC. 4: ,IJ;aeT .IJ;ll11 
dJyHK~HH /1/ B nepBOM npH6nioKeHHH cne.IJ;yiOU\ee Bblpa:>KeHHe: 

IY
0 

-yd I Dc 
R(y ,yd)=exp(- ) I ( pk )r ( 

c 2 k=p,f DC k 

d .· 

Df.k ) , /3/ 
Dd 

i'i' i'i' 
c 

r.IJ;e rk - cHrHaTypa TpaeKTOpHH ·K, Dik- KOHCTaHTaCB113H 
,IJ;ll11 BepWHHbl Me:>K.IJ;y 'laCT~eii: c. H TpaeKTOpH11MH j H k . 

· B pa6oTe /7a/ npoaHanH3HPOBaHbl .naHHble no o,nHo'lac
TH'IHLIM pacnpe,neneHHfg~ B ~eHTpanLHOH o6naCTH H C no

MOU\LIO 4Jep6en-nnoTa 
9 

· 
1 

da 
dY ly=O 

= A+ Bs 4 /4/ 

,nn11 KOHCTaHT CB113H nony'leHbl cne.IJ;yiOU\He 3Ha':leHH11: 

17 
D = 0,84; 

i'i' 
/5/ 

17-:. 17-
. D =-D = 0,4. 

.pp pf 

,D;n11 _ pa3nH'IHbiX KoM6HHa~Hii nHoHOB. HMe~M H3 · /3/: 

R + + = exp (-17_17_ 

' "f 

I I [ ( 
17- 2 .· 17- 2 

Y + -y + - D ) - (D ·_ ) ] 
- - ) i' f - i'P 

2 -· 17- ; 
(D ) 2 

i'i' 

[(D 17~£ )2 + (D 17 ) 2] 
i' - PP-

( D 17-) 
R + ·_ IY+ - y I 

17-17 =t= exp-(--- =F . - ) 
i'i' 

·9 
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l_., 
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R· 0 . I 
1T ± 

17
o =exp (- -- ) 

Menonh3Y~ /5/, nonyqaeM: 

lr+-y-
R 

17
+

17
-= 0,45·exp (-

2 

H 

+ 

1T 2 
(D ) 

pf 

( 
TT- 2 

D.··. ) 
pp 

) 

. R + - : R ;;- . o : R ± ±= 2: l ·: 0 • 
1T 1T 1T 1T . 1T 1T 

\ 

/6/ 

/7/ 

/8/ 

(::OOTHOilleHHe /8/ llHillh B npe.l(enax TpexKpaTHOH OlllH6KH He 
npoTHBope'IHT .l(aHHhiM, · npHBe.l(eHHhiM B 1-a6n. 1 H 2 *. 

B eB.HlH e 3THM ene.l(yeT OTMeTHTb HeKOTOp)'IO He-
noene,I:(OBaTenbHOeTb npHMeHeHH.H MPM K aHanH3Y 3KenepH
MeHTanhHhiX ,I:(aHHhiX ... 

. /a/ 3KenepJiMeHTallbHhie ,I:(aHHbie , HenOllb30BaHHble DpH 
noeTpOeHHH ci>ep6eJI-nnoTa / 9 ~ B OeHOBHOM nony'leHbl npH 
3HeprH.HX HH>Ke. 20-;-30 T3B, npll K<hophlx onHeaHHe Mron-· 
nepa- Pe.l(>Ke He nnonHe KoppeKTHO. ,lJ;aHHhie, aHanH3HponaH
Hhle <I>ep_6enoM /9 ~ Maiiep H _CTpyqHHeKH/10/~ yenexo:r.t ~n
npoKeHMHponami ci>yH'K~Heii BH.l(a A+ B s-1 14• qaH H .l(p. II~ 
a TaK>Ke KaHeeKH /I 2a/ H JinyTB:e'p /I2h~ paMKax M:ynhTHpe.l(
>KHOHHOB MO.l(enH 06b.HCH.HIOT- poeT HHKni03HBHbiX ee'leHHH 
a6eop6THBHbiMH HllH 'noporOBbiMH 3ci>ci>eKTaMH: 

. · /6/ B MPM 6nH>KHHe Koppen.HUHH .l(On>KHhi"Ha6mo.l(aThe.H 
B o6naeTH ·nnaTo. Ilo3TOMY npe.l(eTaBn.HeTe.H HeO>KH.l(aHHhiM, 
'ITO •noBe,I:(eHHe BH,I:(a R (fly) "" exp (- !iy /2) Ha6nro,I:(aeTe.H y)Ke 

· npaKTH'IeeKH npH TaKHX 3HeprH.Hx /KaK 40 T3B/, r.l(e nnaTo 
B O.l(HO'II).eTH'IHOM eneKTpe no y e,I:(Ba llH eci>opMHpOBa
noeb 113 ~ · 

*IIOeKOllhKY ony6nHKOBaHHble ,I:(aHHble /eM. Ta6n; 1 H. 2/ 
He o6Hapy)KHBaJOT .HBHoii 3aBHeHMOeTH R(O,O) ·oT 3HeprHH 
B HHTepnane .. E na6~ = 4071500 F3B, Mhl npe.l(noqnH ·He 
epaBHHBaTh 3KeliepHMeHTanhHhle .l(aHHhle e MPM, KaK B pa-. 
6oTe /7c/,r.l(e a· pa3nO)KeHHH R(O,O) paeeMoTpeH qneH, 
3aBHeMII.\HH OT 3HeprHH. 
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PHe. 3. Paenpe,I:(eneHHH. no pa3HOeTH a3HMyTanhHhiX yrnon 
pa3llH'IHbiX nap 1T .,Me30HOB. . . . 

.. K 0 p pen .HI{ H H n C!. 0 hie T p 0 T e B I{ e" H T pan b H 0 ii 0 6-
na e TH · H o 6 pa 3 onaHH e Knae Te po B. Ilpe.l(eTa.n-
neHHe 0. pO)K.l(eHHH KnaeTepoB B l{eHTpallbHOH. o6naeTH / 2 / · 

oeHoBaHo Ha MKM /eM. pHe. 5/ H. Ha eTaTHeTH'IeeKoii 
6yTeTpanHoii MO.l(enH/<;.BM/ paena,I:(a KnaeTepoB /14/. . 

· MKM eno6o.l(Ha-.o~ Henoene.l(oBaTeJihHoeTeii /a/ H.:/6/ 
npH KOHe'IHhiX 3HeprH.HX. MKM 6hlna nnepnhle npHMeHeHa .l(n.H. 
onHeaHHJI' HHKlli03HBHhiX xoppen.HIUIH r. PaHci>T H if; PaHci>TOM / 2 /, . 

. a .TaKJice .l(pyrHMH. aBTOpaMH. / 15• 16• 17 a' -1 7 b /.. 0eH9BHOe 
· npe.l(nono>KeHHe MKM o po)K.l(eHHB qaeTHI{ n ue~TpallbHoii 
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Q) 
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~ ·o 
(J\0 = l=l.· P-4(1) 

.. 

r 

o6nacTH qepe3 .o6pa3oBaHHe x~acTepoB, nanpHMep, pe3o
HaHCOB, KOTOpLie 6LinH HaH~eHbl B ManoqacTHqHbiX peaKUHHX, 
BLirn~HT BnOnHe. ecTeCTBeHHLIM. 

Tpy~Ho, o~Haxo, iipe~cKa3aTL onpe~eneHHLie .cBoiicTBa · 
KnacTepoB /KaK, HanpHMep, cneKTp Mace, MHO)I(eCT.BeHHOCTb 
H ~ .~./ c noMo~LIO KOHKpeTHOH MynLTHnepH!lJepHqecxoH: · 
CXeMLI, T.K. TaKOe onHCaHHe 6y~eT CHHbHO 3aBHCeT~_.OT 
KOHCTaHT CBH3H, BBe~eHHLIX B MO~enL. HaM npe~CTaBnHeTCH 
6onee Ha~e)I(HLIM ~pyroH: nyTL: liJeHoMeHonorHqecxH HaRTH 
CBOHCTBa KnacTeJlOB, HCXO~H H3 ~aHHLIX .no HHKni03HBHbiM 
peaKUHHM / 2, l~, lS/~ . . . . . '· . 

XapaxiepHCT'K~ pacna~a xnacTepoB /4JaH:ep6oimB/ onH
CbiBaiOTCH CBM 14 • .D;nH aHanH3a Tpe6yeTcH TonLKO o~o
qacTHqHLIH cnexTp no 6Lic~:rpoTe qacTHU copTa i, o6pa3oBaB
WHXCH B pe3yn:i.TaTe pacna~a b~oro4Jaiiep6ona c 6LicTpoToii 
.,., • TaxoH: cnexTp c yqeTOM HeToqH<lCTH coBpeMeHHLIX 3Kcne
pHMeHTanLHbiX ~aHHLIX MO)I(eT 6LITb annpOKCHMHpOBaH B BH- ' 
~e: 

dn(T/) 

.. dy. 
1 

'M 
~ 

2a 

IT/-y. ·1· 
exp (...; ··--.-. 1_· -) 

a - /9/ 

r~e M F- .Macca 4Jaiiep6ona, a"" 1,3 - napaMeTp, xapax~e
pH3YIOIUHH cpe~HIOIO KHHeTHqecKYJO 3HeprHIO qacTHULI npH 
H30TponHoM pacna,ne 4JaH:ep6ona, · g i -: napa~erp, onpe~e
nHIDIUHH · cpe~Himo MHo)KecTBeHHOCTL qacTHU copTa i · .. ,il;nH 
nHOHOB Mbl HCnOHL3yeM 3~a~eHH~ g TT "' ·. 2!25 T3B - 1 · H 
g 

71
+= g 17-= g 71 o = 0,75 T3B -I • .. · ·' . 
,lJ;ByxqacTHqHoe pacnpe~eneHHe !lJparMeHTOB o~oro 4JaH:

ep6ona B nepBOM npH6nH)I(eHHH 4JaKTOpH3yeTCH: 

d 2n (.,.,) g ·· (MF) 171-Y .1 
1_J -. - exp (- 1 

•2 . 
4a a 

1 . . 
171-Yj -)./10/ 

dy i dy j 

:*IlapaMeTpLI a, g. BLiqHcneHLI Ha ocHoBe o6~x npe~-
. 1 ' . . .. ' 

nono)l(eHHH CBM /2, 14, IS/. · · \..+~ 
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)J.ml H.I:(eHTHqHLIX qaCTH~ Mbl HMeeM: 

g ii . ( M F ) = g i M F ( g i .M . F ...: 1) ' 

,nnH HeH,neHTHqHLIX - . 
I 2 

. g ij (M F) = ~ i g i M F • 

Pacnpe.neneHHe $aiiep6onoB no 6LicTpoTe B o6nacTH 
nnaTo .He 3aBHCHT OT TJ H na.naeT c yBenuqeHHeM M F·: 

d
2

NF· . Bb
2 

. 
--'---=F(TJ,MF} =--. -(MF~M 0 )exp(-b(MF-M )),/ll/ 

dTJ d M F · <M F> o 

r.ne M F ~ M 0 "" 1 r3B B"" 1,3-

- HripMHpoBoqHLiii napaMeTp, Haii.neHHLIH H3 o.nHoqacTHqHLIX 
cneKTpoB, nonyqeHHLIX Ha ISR, cpe,nHJUI Macca $aiiep6ona 
<M r> "" Mo + 2/b~ llapaMeTp b onpe.nemleTCH H3 ,naHHLIX no 
,nByxqacTuqHLIM l<:oppen.ii~HHM; o~eHKa b ""1,572 F3B-

1
co

rnacyeTCH C pe3ynLTaTaMH, npHBO.I:(HMLIMH B pa3,nene 2 *. 
_EcnH O.I:(HoqaCTHqHLIH cneKTp no 6LICTpOTe HMeeT nnaTO 

B ~eHTpanLHOH o6naCTH, TO 

' 00 ',: . 00 

~ = f dTJ f dMF·F(TJ,MF) 
dyi -oo M 

dn(TJ) 

dy. 
g i B. /12/ 

I 

)J.ByxqacTHqHLie pacnpe.neneHHH HMeiOT ,nBa BKna.na: 

d
2

N 00 

dy. dy. 
I ] 

-oo 

dTJ f 
00 

f 
M .• 

I) 

d M • ·F ( TJ, M ) 
F . F 

2 
d n(TJ) 

+ 
dy i dy j 

* 3HaqeHHe napaMeTpa b 6blno onpe.neneHo no BenuqHHe 
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llepBLIH 1meH onHCLIBaeT napbl qacT~, po)K.I:(aiOmHXCH npH 
pacna.ne o.nHoro H Toro )l(e $aiiep6ona, BTopoii qneH - · oT 
pa3HLIX. HH)I(HHH npe.nen HHTerpupoBaHHH Mij B nepBoM qnelle 
3aBHCHT oT THna ·paccMaTpHBaeMoii nap:w qacT~. MLI 
nonaraeM; q'fo napbl rr + rr -·H rr .± rr o MoryT o6pa3oBaTLCH oT 
pacna".na n106oro $aiiep6ona c · M > M

0 
•. llapbl rr + rr + H rr-:-rr -,. 

H3- 3_a COXpaHeHHH :)apH,na· H H30CnHHa pO)K.I:(aiOTCH COBMeCT
HO C TpeMH HnH qeTLipbMH ,npyrHMH qacT~aMH, Cne,noBa
TenLHO, B cpe,nHeM ,nnH ;+rr+-H TT-TT --nap HCTOqHHKOM cny
)l(aT cyll(ecTBeHHo 6onee TH)I(en:i.J:e KnacTepbl, .qeM .nnH nap 
rr+rr~ HnH TT ± rr 0

, B: Mbl nonaraeM M++ =M __ ;,2,5 F3B. B co-. 
{)TBeTCTBHH C 3THM H3 /ll/ cne,nyeT: qTo Be~OHTHOCTL 
HaRTH TT+TT+-fl TT -rr--napbl MeHLWe, qeM TT+ TT--H TT-r7° -napbl. 

linaro,napg $aKTOpH3a~HH BTOporo qneHa B /13/t noBe
,neHHe KOpperiH~HOHHOH tPYHK~HH /1/ onpe,nenHeTCH B oc
HOBHOM nepBLIM qneHOM H3 /13/: 
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-· 
~YHKnua /14/ HMeeT TunuqHoe noBe~eHue-Koppenanuii 

6nu:>KHero nopa~Ka, qTo · cne~yeT H3 pacna~HbiX CBOHCTB . 
KnacTepoB. . 

TaKHM o6pa3oM, 6nH:>KHHe Koppenanuu B03HHKruoT He 
TOn:bKO npH aCHMnTOTHqeCKHX 3Hepruax, OHH conyTCTByroT 
ycTaHoBneHHID npon;ecca o6pa3oBaHHa KnacTepoB, qTo npo
uc~o~HT, KaK Mbl 3HaeM, npu 3Hepruax ·3Haqu~en~.Ho HH:>Ke 
acuMnToTuqecKoro. pe~:>Ke- npe~ena. 

Cpe~HHe 3HaqeHHa <MF>,;,M0+i- ~na KnacTepoB, pacna
~aiDII\HXCa Ha 4+5 qaCTHD;, ~OCTaTO~HO Manbi, TaK qTO 
MHOrHe .. J<:naCTepbl, B03MO:>KHO, .· eCTb pe30HaHCbl, H3BecT-
Hbl·e no Ta6nun;aM Po3eH$enL~a. . 

.· B ~o6aBneHue· K /14/ R(yi·· y y) HMeeTBKna~ ~anLHr-
. ~eHCTBYIOII\ero xapaKTepa OT ~H$paKD;HOHHOH KOMnOHeHTbl 19 / 

H OT cynepn03HD;HH ~H$paKn;HOHHOH H 6nH:>KHeH KOMnOHeHT . 
B ~ByXKOMnOHeHTHOH MO~enH. /20/.B pe3yllbTal'e TaKOH .. 
cynepno3HD;HH R(yi ,yi) B n;eHTpan~.uoii o6nacTH (yi "'Yj .. o), 
noHaUIHM on;eHKaM, yBenuquBaeTca Ha"' 0,2. .· .. . -:-

B Ta6n. 4 · npuBo~aTca qucneHHbie 3HaqeHHa R -$yHK
n;uu, · cne~yiDII\He' H3. /14/, c yqeTOM Hanuqug ~anLHo~eiicT
BYIDII\eH KOMnoHeHTbi. PaciieTbi xopomo cornacyroTca .c ~aH
HbiMH NAL u ISR. /Ta6.ri.-1/ u pe3ynLTaTaMH, nonyqeHHbiMH. 
npu 40 T3B/c /Ta6n. 2/. 
Koppenan;uu nonepeqHbiX ~MnynLcoB_H.MynL
TH'nepu'$e-puqecKaa. KnacTepliaa .Mo~enb~ Pac
npe'~eneHHe no yrny cp :Me:>K~Y nonepe_qHbiMH HMnynLcaMH 
napbl BTOpHqHbiX qacTHD; 06@qH0 XapaKTepu3yroT K03$$H
n;HeHTOM ·acuMMeTpHH A/2/ unu napaMeTpoM B: 

dN 
"' l + B cos¢· /15/ 

dcp . v 

B pa6oTax 1211 paccMaTpHBanucL pacnpe~eneHHa no cp ~na 
npoH3BOllbHbiX nap 3apa:>KeHHbiX qacTun;. B. 3KcnepuMeHTax 
Ha ISR ·u3yqanacb 3aBHCHMOCTb A OT pa3HOCTH 6blcTpoT 
~na 3~_pa:>KeHHbiX qacTun; . /3/ u .D.na ·nap 3apa,D.--. y -
KBaHT /4/. B pa3~ene 2 /cM.Ta6n. 3, puc. 3/6hlnurip.uBe~eHbl 
pacnpe~eneHua no cp ~na rr + rr--, rr::- ,rr - -u ~ + rr + -nap B 
rr- p -B_3aHMO~eHCTBHax npu P = 40 T3B/c !. Heo:>KH,naH
HOH 'u TPY~Ho HHTepnpeTupyeMoii qepToii pa6oT Ha ISR /3, 4 I 
aBnaeTca cne~YIDII\as:: He o6Hapy:>Keiia 3a:Bacu-MocTb 'riapa-: 
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MeTpa aCHMMeTpHH OT pa3HOCTH 6biCTpOT 'iaCTHn, TOr,na :Ka:K 
Te )Ke 3:KCnepHMeHTLI 06HapJ)KHBaiOT CHJILHble 6JIH)KHHe 
:KOppenJillHH no npO,i:J.OJILHOH 6biCTpOTe. 3TOT clJa:KT npOTHBO
pe'IHT. npe,ncKa3aHHaM H3BeCTHbiX MO,neneii C 6JIH)KHHMB 
KoppenanuaMH, TaKHX .KaK MPM:B MKM. TonLKo Mo,nenu 
Tuna Mo,nenu ueKopp~nupoaaHH?JX ci'pyii npe,ncKa3biBaiOT 
KOppeJiaUHH nonepe'IHLIX HMriyJILCOB, CXO,i:J.Hble C Ha6JIIO,neH
HbiMH ua ISR /3,4/, uo 3TH Mo,neJIH He cnoco6Hbl o6'LaCHHTL 
6JIH)KHHe KOppenaUHH no 6biCTPOTe. . 

HaM Ka)Ktnca, 'ITO, B03MO)KHO, pauo .nenaTL BbiBO)J.bl 
H3 pe3yJILTaToB pa6oT, BblnonueHHbiX Ha ISR, KoTopble 
Haxo,naTCa B nP.OTBBOpe'IHH C ,naHHbiMB, nony'leHHbiMH npH 
102 T3B/c /Sb~ Tpe6yeTca 6onee .neiaJILuoe H3y'leuue 3a
BHCBMOCTH a3BMyTanLHbiX KOppenaUHH OT 6biCTpOTbi, oco-
6eHHO )J.JijJ Ma.iJLIX pa3HOC,TeH 6biCTPOT. 0'1eBH,i:J.HO, 'ITO TaK 
)Ke, Ka:K H no 6biCTpOTe, no a3H,¥YTY ,i:J.OJI)l(Hbl CYJUeCTBOBa"I:L 
,naJILBBe Koppenauuu, OHB H 6bi[IB uai,neHbi ua ISR. 

KuueMaTH'IeCKHe Koppenariuu no a3BMyTaJILHOMY yrny, 
o6ycnoarieuuble pacna,noM t!Jaiep6onoa, 6blnH npoauanu3:H
poaaubl · JleMKe u PauclJToM 1 22~Hai,neuo, 'ITO acHMMeTpua 
TaKoro npoucxo)K)J.euua o6paTHO nponopnuouaJILua Macce 
clJaaep6oJia, BJIB, 'ITO TO )Ke, 'IHCJIY ero clJparMeHTOB: 

A 
l l 
MF "" ~. 

/16/ 

· Cxo,nHbiH pe3yJILTaT no7yqp.eTca npu y'leTe . .nuuaMHKH pac
na,nuoi nenu c1Jaiep6ona 231. 

Mbi no:Ka ue paccMaTpuaaeM .nanl.uue KQppenaUHH Me)K)J.y 
npo,nyKTaMH pacna.na pa3JIH'IHbiX c1Jaiiep6onoa. H3 uawero 
auanu3a Koppenanui no 6LicTpoTe .ciie,nyeT, 'ITO "+ rr- -
naphl pci)K)J.aiOTca B pe3yJILTaTe pacna.naclJdep6onoB co cpe.n
uei Maccoi<M+->""Mo+-f::=2,anaphlrr+rr+-urr -"-
c1Jaaep60JIOB C MaCCOH 

<M >,.. < M >"" M+ +_f. ~ 3, 5. ++ . -- - . D . • 

Mw O)KH)J.aeM, cne,noaaTenLuo, 'ITO acuMMeTpua .nna rr+rr+-u 
rr -" --n.ap npuMepuo B ,naapa3a, MeHLWe, 'leM .IVIa rr + rr--
nap: 

- <M +- > . l 
·A + +,.. ·A - - = A + - ... - A + -·· TTTT TTTT TTTT 2 1T 1T 

.<M++ > 

/17/ 

18 .. 

IIpuBO.D.HMLie ,nauuble npH 40- T3B/c /Ta6n. · 3/ B nepaoM 
npH6JIH)KeHHH cornacyroTca c /17 h 

4. 3aKAIO'IeHue 

Ue:H:TpanLHble 3Ha'leHHa ,nayxqacTH'IHoii KoppenanuouHoii 
ciJYHI<nHH .R ( 0,0) npH P = 40 r3B/c uaxo,naTca B xopoweM 
cornacuu c .nauHbiMH NAL u ISR. · 

Ha6JIIO,neuuble KoppenaUHH no 6blcTpoTe .nocTaTo-.iuo 
-XOpOWO onHCbiBaiOTCa /Ka'leCTBeHHO H KOJIH'IeCTBeHHO/ C 
noMOIULIO_ MPM u MKM. 3TH Mo,nen:H .naroT pa3JIH'1Hble npe.n.;. 
CKa3aHHa OTHOCHTeJILHO 6JIH)KHHX :KOppeJiaUHH )J.JijJ 1T + rr+ -
u rr -" - -nap: B MPM -3TH Koppenanuu o:rcyTCTBYIOT, a B 
MKM ouu cna6ee, 'leM .nna ·" +rr- -nap, uo ue.paBHbi"'HyJIIO. 
3KcnepHMeHTaJILHble OIIIH6KH no:Ka CJIHWKOM BeJIHKH, 'IT06bl 
c,neJiaTL OKOH'IaTeJILHLJii BhlBO)J., HO' npu · p = 40 T3B._ 
KOMnoHeHTa 6nu)l(Hero Tuna B . rr+ rr +...: u rr -" - -Kopp_enanHax, 
no-B,B.D.HMOMY, , npucyTcTayeT. KpoMe Toro, npuMeHeHHe. 
MKM npH HH3Kux/40 T3B/ 3Hepruax/a OTnuque oT_ MPM/ 
anonue nocne,noBaTeJILHO, no3TOMY auaJ1H3 3.KcnepuMeH-

. TaJILHbiX ,nauuLix no 3Toii Mo,nenu npe,nc'raanaeTca 6onee 
y6e,nuTeJILHbiM. MKM KaqecTBeHHO xopowo co'rnacyeTca 
c ,naHHbiMH no a3HMYTaJILHbiM KOpperianHa:M. O,nuaKO Tpe-
6yeTca ,neTaJILHOe 3KcnepuMeHTanLuoe uccne.noaauue 3aBH
CHMOCTH . a3HMYTaJILHbiX KOppenaUHH OT pa3HOCTH 6LICTpOT 
.D.BYX 'laCTHU. · 
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1. Bee_oeHue 

~ns onncaHns ~ayxqacTnqHMX Koppensnnu.anocne~Hee 
apeM.II 6Mna npnMeHeHa Mo.ti,em. Mronnepa- Pe~:>Ke /MPM/ /1 I, 
a TaK:>Ke ·MynLTnnepn4Jepnqeci<as KnacTepHas Mo~em. /MKM/ 
n ~ndJpaKunoHHas KnacTepHa.ll Mo~em. /JJ.KM/ /2/. · ·. 

B paMKax 3THX :M:o~eneu .6y~yT paccMoTpeHM :~aHHMe 
no KoppensUH.IIM npn P · = 40 T:JB/c ~ns rr +" +<;,-rr +- n 
TT -TT- -n.ap MC30HOB. ,B Tep~HHaX npo~onLHMX _ 6MCTpOT / 
H a3HMyTanLHMX yrnOB. ~ 

He~asHo 6MnH ony6nnKoaaHM ~aHHMe no ~ayxqacTn<iHMM 
KoppensunsM a PP- HHKni03HBHMX peaKUnsx npn 3Heprnsx 
NALn ISH. IJMno Haii~eHo, qTo· KoppensnnoHHas 4JyHKUHB, 

. . ... 1 

onpe~eneHHas B an~e 

2 , 
d a da da 

H(y1 ,y2) a. ./--·-·---1 
m·dy dy · dy ·dy 

1 2 1 2 

/1/ 

~ns KOM6HHaD;HH THna 3apB)I(CHHaB - 3ap.ll)l(eH·HaB / 3/ H 3a
ps>KeHHaB - _HeHTpanLHaB / 4/, 06HapY:>KHBaeT B OCHOBHOM 
6nH)I(HHe Koppensn:nn_ c xapaKTepHoii )lnnnoii A = 1 + 2. · 

· B Ta6n. 1 ,2 npnae~eHM neKoTopMe ony6nnKoBaHHMe 
3HaqeHHB ·41YHKU~H H(y ,·y· 2 ) npn ~~=y 

2
=0 /3, 4,_~1. 3Ta 

BennqnHa C yqeTOM oum6oK H3MepeHHH He 3aBHCHT OT 3Hep
rHH CTOnKHOBCHHB • 

. ~aHHMe no a3HMyTanLHMM KOppenBD;HBM.B pp -CTOnKHo-
BCHHBX, nonyqeHHMe Ha ISH /3,4~ ca~eTenLCTBYJOT o6 . . 

OTCYTCTBHH CHnLHMX 6nH)I(HHX KOppenBUHH B · npe~enax 
OWH60K H3MepeHHH. 

B pa3~ene· 2 npnao~sTcs· 3KcnepnMeHTam.Hwe _pe3ym.
TaTLI npn' p = 40 F_:JB/c. Mo~enn o6c~aiOTCB: B pa3-
~ene 3. B qeTaepToM pa3~ene npoao~TC.II cpaaHeHne ~aHHMX 
no rrN ~c.oy~apeHHBM npn P = 40 T:JB/c c pe3ynbTaTaMH 
NAL H ISH H ~enaeTcB ps~ BLIBO~oa. 
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T~ I. SitcnepDemam,BHe SHa"'emm xoppe.nSitJfoHHol ipyHKitM a 
' ' ' ' ,., . . . 

k t 'i . \f. ) npx \f.~ '1 = ·~' · B pp-Bsam.o.ttelcnJiri: no ASH1JJDf J.) J'- . . ' . ·. ~ . 

AN~.·· 15 R.. 

R(O,O)npH .. R(O,O) npH 
TBII naps· 102 r3B/c. /58./ · · 205 r3B/c /56/ 

. K(O,O) npH Vs:. 
23 + 63 r3B/c /3,4/ 

-···t ··~ Jt'"' I. TC 
. -t· 

o ·s~o ·asxl · 
f . - .• •, 0, 5Q:O, 05 0, 65,±0;.05 

·TL_- 'f 
-t __ , 

; l I L 
..,.._:.; ·-, t 
It. /. 

:0,7 ±0,08 
. 0,5 +0,08. -7[- I L - . 0,4 j:O,OS 

( 0, 55_t0, 14) _.( 0, 68;±,0, I) 
' . 

0,67+0,06 -0,25j;0,06 . ' 
0,38+0,06 

' ·-
'' ·.,. 

TacSJum.a 2., .31tcnepoeB'ra.JIDHHe SH8.'18HJUI ItOppeJIHTtJIOHHOI tl'BlU\U . c 

. . ' R t J i )~·~) np~:'.-~1 = ~~.; 0 B IrP -BSSBMO.B;eiCTBBRX ~~~ Ito raB 

Tm naps !., ~ (0,0) 
' ' ' 

\'' 
0,6_ 5 +. 0,07 -. ' -+ -f { ,.r- rr -. : 0,26±.0,10 

·.; .... '. 

·'' I 

.. .. Ta6JJ:JUta. 3. KoaiJPJillll'eH'fH _ac..eTPu · pacnpe.tte.ue~.no pasBoc'tx. ~·-
. ... ·,.. MY'faJII.HHX. )TJIOB.:B Irp-Bsa&o.neiCTBBSX· npx' P=4o r3B/c 

Cll, 

;[t'f: '. 
- + . .f ;{·-[[-

I 

,,, ' ' 

0,062 + 0,006 
_,; -- ',;. ~ ·,, 
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2. 3KcnepUMeH111ClAbHbre OQHHl~~e. no. KOppeAJiijUJIM 
e 17- p- e3auMooeiicmeuJIX. npu P .= 40 T3B/c 

IIpHBe,AeHHble pe3ynLTaTbl '6blnH nony'leHLI Ha MaTepHane 
17-P.-B3aHMO,AeHCTBHH npH P = 40 f3B/c,. Ha6mo,AeHHLIX 
B 2-14eTpOBOH nponaHOBOH Ka¥epe / 6 

• . . 
Koppemm,HoHHble lilYHKUHH BH.Aa /1/ ,AHJI17 +17 -:-_, 17-17--H 

17 + 17 + -K.OM6HHaUHH npe,ACTaBneHbl Ha pHC. 1a,6,c COOTBeT
CTBeHHO. lf3 pHCYHKOB BH,AHO, 'ITO ,AHJI BCeX KOM6HHaiJ;HH 
R -clJyHKUHJI HMeeT nonmKHTenLHble 3Ha'leHHJI B neHTpanLHOH 
o6nacTH .. (y

1 
"'·Y 2 "' O).B Ta6n. 2 ,AaHLI 3Ha'leHHJI R(O,O),AnJI 

Q5<Yz<05 

yl 

H 

c/ 

~ 

~ 
PHc. 1, 3KcnepB:MeHTanLHLie 3Ha'le.HHJI · KoppenJIUHOHHOH 
$yHKUHH R ( y , y ) .AHJI peaKUHH 17- p-+ 171 +17 2 + • •• npH 
P = 40 F3B/c: a/ ,AnJI 17+17 --nap; 6/ .AHJI 17- 17- -nap; 
a/ ,AnJI 17+17 +. -nap. . · · . 

7 



\' 

" 
·.•' 

•· 

• 

.-17..:..17--,17+11'--H 11+11+-_nap. ¢,yHK~H11 .. R(y1 ,y2 ) .IJ;ll11 17+17-

nap noKa3aHa Ha pHc; 2 B nonynorapHdJMH'Ieci<oM MacwTa6e 
· c ~enLIO onpe~eneHHH KoppenH~oimoii: MHHbi. CnnoWHaH 
.nHHH11 H306pa:>KaeT dJYH~HIO BH,IJ;a exp (-~y/2) • __ . 

. 3Ha'leHH11 K034JdJH~HeHTa aCHMMeTpHH pacnpe,IJ;eneHH11 no 
yrnaM ( ¢) Me:>K.IJ;y nonepe'IHbiMH HMnynLca:MH, onpe,IJ;eneHHoro 
no dJop_Myne: 

1712 
· 

i ~a¢- r 
A 17/2 d¢ . 0 

17~ d¢ 
Jo. d¢ 

da d¢ 
·d¢ 

-

/2/ 

+ - + + ,nn11 17 17 - H ,I:{ll11 17 17 -H 17 17 -nap, B311TbiX BMeCTe, 
npHBe.IJ;eHhl B Ta6n. 3. 

--I 
~. 
~ 

' ~.5 
\& 

.2 

I • 
. .1 

.05 

3C·+p-- ~+ + 1r- .. ... 

• ·f" v.<-.5 
• -.5 <IJ,< -a 

~ 

'Cl .!'< y, ~- ~ 
"0<!:1,<.5 

2 
AV • Ya·Yc 

·. 
PHc. 2. 3KcnepHMeHTanLHble 3Ha'leHH11 R -dJyH~HH H pe-
3~nLTaT HX dJHTHpOBaHH11: cnnOWHble np11Mble - tPYH~H11 

' I~YI 
0,65 exp(- -

2
-) 

8 
".-·<·" 

.1. . 

,.. 

t\ -

r 
3. MooeAU poxoeHUJI '-laC mUll u oeyx'-laCmU'-IHble KoppeAJiijUU 

B nocne.nHee Bpe,M11 p11.IJ;OM aBTOp_OB /7-':- 9 I 6wila np~MeHe
Ha MPM .IJ;nH oriHcaHHH .IJ;:ByxqacTH>iHwx KoppenH~Hii:. · 

Mronnep- pe.IJ;:>Ke - )J,HarpaMMa po:>K.IJ;eHH11 .IJ;BYX nHOHOB 
B ~eHTpanLHOH o6naCTH, noKa3aHHa11 Ha pHC. 4: ,IJ;aeT .IJ;ll11 
dJyHK~HH /1/ B nepBOM npH6nioKeHHH cne.IJ;yiOU\ee Bblpa:>KeHHe: 

IY
0 

-yd I Dc 
R(y ,yd)=exp(- ) I ( pk )r ( 

c 2 k=p,f DC k 

d .· 

Df.k ) , /3/ 
Dd 

i'i' i'i' 
c 

r.IJ;e rk - cHrHaTypa TpaeKTOpHH ·K, Dik- KOHCTaHTaCB113H 
,IJ;ll11 BepWHHbl Me:>K.IJ;y 'laCT~eii: c. H TpaeKTOpH11MH j H k . 

· B pa6oTe /7a/ npoaHanH3HPOBaHbl .naHHble no o,nHo'lac
TH'IHLIM pacnpe,neneHHfg~ B ~eHTpanLHOH o6naCTH H C no

MOU\LIO 4Jep6en-nnoTa 
9 

· 
1 

da 
dY ly=O 

= A+ Bs 4 /4/ 

,nn11 KOHCTaHT CB113H nony'leHbl cne.IJ;yiOU\He 3Ha':leHH11: 

17 
D = 0,84; 

i'i' 
/5/ 

17-:. 17-
. D =-D = 0,4. 

.pp pf 

,D;n11 _ pa3nH'IHbiX KoM6HHa~Hii nHoHOB. HMe~M H3 · /3/: 

R + + = exp (-17_17_ 

' "f 

I I [ ( 
17- 2 .· 17- 2 

Y + -y + - D ) - (D ·_ ) ] 
- - ) i' f - i'P 

2 -· 17- ; 
(D ) 2 

i'i' 

[(D 17~£ )2 + (D 17 ) 2] 
i' - PP-

( D 17-) 
R + ·_ IY+ - y I 

17-17 =t= exp-(--- =F . - ) 
i'i' 

·9 



t 

l_., 

~-

• 

R· 0 . I 
1T ± 

17
o =exp (- -- ) 

Menonh3Y~ /5/, nonyqaeM: 

lr+-y-
R 

17
+

17
-= 0,45·exp (-

2 

H 

+ 

1T 2 
(D ) 

pf 

( 
TT- 2 

D.··. ) 
pp 

) 

. R + - : R ;;- . o : R ± ±= 2: l ·: 0 • 
1T 1T 1T 1T . 1T 1T 

\ 

/6/ 

/7/ 

/8/ 

(::OOTHOilleHHe /8/ llHillh B npe.l(enax TpexKpaTHOH OlllH6KH He 
npoTHBope'IHT .l(aHHhiM, · npHBe.l(eHHhiM B 1-a6n. 1 H 2 *. 

B eB.HlH e 3THM ene.l(yeT OTMeTHTb HeKOTOp)'IO He-
noene,I:(OBaTenbHOeTb npHMeHeHH.H MPM K aHanH3Y 3KenepH
MeHTanhHhiX ,I:(aHHhiX ... 

. /a/ 3KenepJiMeHTallbHhie ,I:(aHHbie , HenOllb30BaHHble DpH 
noeTpOeHHH ci>ep6eJI-nnoTa / 9 ~ B OeHOBHOM nony'leHbl npH 
3HeprH.HX HH>Ke. 20-;-30 T3B, npll K<hophlx onHeaHHe Mron-· 
nepa- Pe.l(>Ke He nnonHe KoppeKTHO. ,lJ;aHHhie, aHanH3HponaH
Hhle <I>ep_6enoM /9 ~ Maiiep H _CTpyqHHeKH/10/~ yenexo:r.t ~n
npoKeHMHponami ci>yH'K~Heii BH.l(a A+ B s-1 14• qaH H .l(p. II~ 
a TaK>Ke KaHeeKH /I 2a/ H JinyTB:e'p /I2h~ paMKax M:ynhTHpe.l(
>KHOHHOB MO.l(enH 06b.HCH.HIOT- poeT HHKni03HBHbiX ee'leHHH 
a6eop6THBHbiMH HllH 'noporOBbiMH 3ci>ci>eKTaMH: 

. · /6/ B MPM 6nH>KHHe Koppen.HUHH .l(On>KHhi"Ha6mo.l(aThe.H 
B o6naeTH ·nnaTo. Ilo3TOMY npe.l(eTaBn.HeTe.H HeO>KH.l(aHHhiM, 
'ITO •noBe,I:(eHHe BH,I:(a R (fly) "" exp (- !iy /2) Ha6nro,I:(aeTe.H y)Ke 

· npaKTH'IeeKH npH TaKHX 3HeprH.Hx /KaK 40 T3B/, r.l(e nnaTo 
B O.l(HO'II).eTH'IHOM eneKTpe no y e,I:(Ba llH eci>opMHpOBa
noeb 113 ~ · 

*IIOeKOllhKY ony6nHKOBaHHble ,I:(aHHble /eM. Ta6n; 1 H. 2/ 
He o6Hapy)KHBaJOT .HBHoii 3aBHeHMOeTH R(O,O) ·oT 3HeprHH 
B HHTepnane .. E na6~ = 4071500 F3B, Mhl npe.l(noqnH ·He 
epaBHHBaTh 3KeliepHMeHTanhHhle .l(aHHhle e MPM, KaK B pa-. 
6oTe /7c/,r.l(e a· pa3nO)KeHHH R(O,O) paeeMoTpeH qneH, 
3aBHeMII.\HH OT 3HeprHH. 
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PHe. 3. Paenpe,I:(eneHHH. no pa3HOeTH a3HMyTanhHhiX yrnon 
pa3llH'IHbiX nap 1T .,Me30HOB. . . . 

.. K 0 p pen .HI{ H H n C!. 0 hie T p 0 T e B I{ e" H T pan b H 0 ii 0 6-
na e TH · H o 6 pa 3 onaHH e Knae Te po B. Ilpe.l(eTa.n-
neHHe 0. pO)K.l(eHHH KnaeTepoB B l{eHTpallbHOH. o6naeTH / 2 / · 

oeHoBaHo Ha MKM /eM. pHe. 5/ H. Ha eTaTHeTH'IeeKoii 
6yTeTpanHoii MO.l(enH/<;.BM/ paena,I:(a KnaeTepoB /14/. . 

· MKM eno6o.l(Ha-.o~ Henoene.l(oBaTeJihHoeTeii /a/ H.:/6/ 
npH KOHe'IHhiX 3HeprH.HX. MKM 6hlna nnepnhle npHMeHeHa .l(n.H. 
onHeaHHJI' HHKlli03HBHhiX xoppen.HIUIH r. PaHci>T H if; PaHci>TOM / 2 /, . 

. a .TaKJice .l(pyrHMH. aBTOpaMH. / 15• 16• 17 a' -1 7 b /.. 0eH9BHOe 
· npe.l(nono>KeHHe MKM o po)K.l(eHHB qaeTHI{ n ue~TpallbHoii 
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c:;l, 
Q) 
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~ ·o 
(J\0 = l=l.· P-4(1) 
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o6nacTH qepe3 .o6pa3oBaHHe x~acTepoB, nanpHMep, pe3o
HaHCOB, KOTOpLie 6LinH HaH~eHbl B ManoqacTHqHbiX peaKUHHX, 
BLirn~HT BnOnHe. ecTeCTBeHHLIM. 

Tpy~Ho, o~Haxo, iipe~cKa3aTL onpe~eneHHLie .cBoiicTBa · 
KnacTepoB /KaK, HanpHMep, cneKTp Mace, MHO)I(eCT.BeHHOCTb 
H ~ .~./ c noMo~LIO KOHKpeTHOH MynLTHnepH!lJepHqecxoH: · 
CXeMLI, T.K. TaKOe onHCaHHe 6y~eT CHHbHO 3aBHCeT~_.OT 
KOHCTaHT CBH3H, BBe~eHHLIX B MO~enL. HaM npe~CTaBnHeTCH 
6onee Ha~e)I(HLIM ~pyroH: nyTL: liJeHoMeHonorHqecxH HaRTH 
CBOHCTBa KnacTeJlOB, HCXO~H H3 ~aHHLIX .no HHKni03HBHbiM 
peaKUHHM / 2, l~, lS/~ . . . . . '· . 

XapaxiepHCT'K~ pacna~a xnacTepoB /4JaH:ep6oimB/ onH
CbiBaiOTCH CBM 14 • .D;nH aHanH3a Tpe6yeTcH TonLKO o~o
qacTHqHLIH cnexTp no 6Lic~:rpoTe qacTHU copTa i, o6pa3oBaB
WHXCH B pe3yn:i.TaTe pacna~a b~oro4Jaiiep6ona c 6LicTpoToii 
.,., • TaxoH: cnexTp c yqeTOM HeToqH<lCTH coBpeMeHHLIX 3Kcne
pHMeHTanLHbiX ~aHHLIX MO)I(eT 6LITb annpOKCHMHpOBaH B BH- ' 
~e: 

dn(T/) 

.. dy. 
1 

'M 
~ 

2a 

IT/-y. ·1· 
exp (...; ··--.-. 1_· -) 

a - /9/ 

r~e M F- .Macca 4Jaiiep6ona, a"" 1,3 - napaMeTp, xapax~e
pH3YIOIUHH cpe~HIOIO KHHeTHqecKYJO 3HeprHIO qacTHULI npH 
H30TponHoM pacna,ne 4JaH:ep6ona, · g i -: napa~erp, onpe~e
nHIDIUHH · cpe~Himo MHo)KecTBeHHOCTL qacTHU copTa i · .. ,il;nH 
nHOHOB Mbl HCnOHL3yeM 3~a~eHH~ g TT "' ·. 2!25 T3B - 1 · H 
g 

71
+= g 17-= g 71 o = 0,75 T3B -I • .. · ·' . 
,lJ;ByxqacTHqHoe pacnpe~eneHHe !lJparMeHTOB o~oro 4JaH:

ep6ona B nepBOM npH6nH)I(eHHH 4JaKTOpH3yeTCH: 

d 2n (.,.,) g ·· (MF) 171-Y .1 
1_J -. - exp (- 1 

•2 . 
4a a 

1 . . 
171-Yj -)./10/ 

dy i dy j 

:*IlapaMeTpLI a, g. BLiqHcneHLI Ha ocHoBe o6~x npe~-
. 1 ' . . .. ' 

nono)l(eHHH CBM /2, 14, IS/. · · \..+~ 
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• 

)J.ml H.I:(eHTHqHLIX qaCTH~ Mbl HMeeM: 

g ii . ( M F ) = g i M F ( g i .M . F ...: 1) ' 

,nnH HeH,neHTHqHLIX - . 
I 2 

. g ij (M F) = ~ i g i M F • 

Pacnpe.neneHHe $aiiep6onoB no 6LicTpoTe B o6nacTH 
nnaTo .He 3aBHCHT OT TJ H na.naeT c yBenuqeHHeM M F·: 

d
2

NF· . Bb
2 

. 
--'---=F(TJ,MF} =--. -(MF~M 0 )exp(-b(MF-M )),/ll/ 

dTJ d M F · <M F> o 

r.ne M F ~ M 0 "" 1 r3B B"" 1,3-

- HripMHpoBoqHLiii napaMeTp, Haii.neHHLIH H3 o.nHoqacTHqHLIX 
cneKTpoB, nonyqeHHLIX Ha ISR, cpe,nHJUI Macca $aiiep6ona 
<M r> "" Mo + 2/b~ llapaMeTp b onpe.nemleTCH H3 ,naHHLIX no 
,nByxqacTuqHLIM l<:oppen.ii~HHM; o~eHKa b ""1,572 F3B-

1
co

rnacyeTCH C pe3ynLTaTaMH, npHBO.I:(HMLIMH B pa3,nene 2 *. 
_EcnH O.I:(HoqaCTHqHLIH cneKTp no 6LICTpOTe HMeeT nnaTO 

B ~eHTpanLHOH o6naCTH, TO 

' 00 ',: . 00 

~ = f dTJ f dMF·F(TJ,MF) 
dyi -oo M 

dn(TJ) 

dy. 
g i B. /12/ 

I 

)J.ByxqacTHqHLie pacnpe.neneHHH HMeiOT ,nBa BKna.na: 

d
2

N 00 

dy. dy. 
I ] 

-oo 

dTJ f 
00 

f 
M .• 

I) 

d M • ·F ( TJ, M ) 
F . F 

2 
d n(TJ) 

+ 
dy i dy j 

* 3HaqeHHe napaMeTpa b 6blno onpe.neneHo no BenuqHHe 
R (0,0) .nnH rr -"--nap /eM. clJopMyriy /14//. · · 

~)4 

r 
00 ,00 

+ f dry1 f 
-oo -oo 

xF(7J
2

,M
2
). 

00 

dTJ ' f 2 . 
Mo 

00 

dM
1 

f·dM
2
·-·F(7J ,M .) x. 

1 1 
Mo 

dn (lj·~) 
. 1 

dn(7J·) 
. 2. 

dy. 
I 

dy. 
l 

/13/. 

llepBLIH 1meH onHCLIBaeT napbl qacT~, po)K.I:(aiOmHXCH npH 
pacna.ne o.nHoro H Toro )l(e $aiiep6ona, BTopoii qneH - · oT 
pa3HLIX. HH)I(HHH npe.nen HHTerpupoBaHHH Mij B nepBoM qnelle 
3aBHCHT oT THna ·paccMaTpHBaeMoii nap:w qacT~. MLI 
nonaraeM; q'fo napbl rr + rr -·H rr .± rr o MoryT o6pa3oBaTLCH oT 
pacna".na n106oro $aiiep6ona c · M > M

0 
•. llapbl rr + rr + H rr-:-rr -,. 

H3- 3_a COXpaHeHHH :)apH,na· H H30CnHHa pO)K.I:(aiOTCH COBMeCT
HO C TpeMH HnH qeTLipbMH ,npyrHMH qacT~aMH, Cne,noBa
TenLHO, B cpe,nHeM ,nnH ;+rr+-H TT-TT --nap HCTOqHHKOM cny
)l(aT cyll(ecTBeHHo 6onee TH)I(en:i.J:e KnacTepbl, .qeM .nnH nap 
rr+rr~ HnH TT ± rr 0

, B: Mbl nonaraeM M++ =M __ ;,2,5 F3B. B co-. 
{)TBeTCTBHH C 3THM H3 /ll/ cne,nyeT: qTo Be~OHTHOCTL 
HaRTH TT+TT+-fl TT -rr--napbl MeHLWe, qeM TT+ TT--H TT-r7° -napbl. 

linaro,napg $aKTOpH3a~HH BTOporo qneHa B /13/t noBe
,neHHe KOpperiH~HOHHOH tPYHK~HH /1/ onpe,nenHeTCH B oc
HOBHOM nepBLIM qneHOM H3 /13/: 

00 00 

1 )--
R(yi,yi·- g•igjB f d11 I 

-oo Mij 

· M r 
dM F(lJ F. dy. dyl. F . . I 

lr. ~r.l lr
1 
-y .I 

exp ( "- 1 J ) ( 1 + l ) 
a a 

/14/ _,:__ _ _;..... _____ J .. (h) 
1] . 

J .. (h) 
1 J 

Bg,i gj <M?4a 

00 

J 
M ij 

<MF> . " 
dM. . F ( 1J' M) g. M ( g~· M- p. I 

B ·. ·. 1 . 1 ... 
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-· 
~YHKnua /14/ HMeeT TunuqHoe noBe~eHue-Koppenanuii 

6nu:>KHero nopa~Ka, qTo · cne~yeT H3 pacna~HbiX CBOHCTB . 
KnacTepoB. . 

TaKHM o6pa3oM, 6nH:>KHHe Koppenanuu B03HHKruoT He 
TOn:bKO npH aCHMnTOTHqeCKHX 3Hepruax, OHH conyTCTByroT 
ycTaHoBneHHID npon;ecca o6pa3oBaHHa KnacTepoB, qTo npo
uc~o~HT, KaK Mbl 3HaeM, npu 3Hepruax ·3Haqu~en~.Ho HH:>Ke 
acuMnToTuqecKoro. pe~:>Ke- npe~ena. 

Cpe~HHe 3HaqeHHa <MF>,;,M0+i- ~na KnacTepoB, pacna
~aiDII\HXCa Ha 4+5 qaCTHD;, ~OCTaTO~HO Manbi, TaK qTO 
MHOrHe .. J<:naCTepbl, B03MO:>KHO, .· eCTb pe30HaHCbl, H3BecT-
Hbl·e no Ta6nun;aM Po3eH$enL~a. . 

.· B ~o6aBneHue· K /14/ R(yi·· y y) HMeeTBKna~ ~anLHr-
. ~eHCTBYIOII\ero xapaKTepa OT ~H$paKD;HOHHOH KOMnOHeHTbl 19 / 

H OT cynepn03HD;HH ~H$paKn;HOHHOH H 6nH:>KHeH KOMnOHeHT . 
B ~ByXKOMnOHeHTHOH MO~enH. /20/.B pe3yllbTal'e TaKOH .. 
cynepno3HD;HH R(yi ,yi) B n;eHTpan~.uoii o6nacTH (yi "'Yj .. o), 
noHaUIHM on;eHKaM, yBenuquBaeTca Ha"' 0,2. .· .. . -:-

B Ta6n. 4 · npuBo~aTca qucneHHbie 3HaqeHHa R -$yHK
n;uu, · cne~yiDII\He' H3. /14/, c yqeTOM Hanuqug ~anLHo~eiicT
BYIDII\eH KOMnoHeHTbi. PaciieTbi xopomo cornacyroTca .c ~aH
HbiMH NAL u ISR. /Ta6.ri.-1/ u pe3ynLTaTaMH, nonyqeHHbiMH. 
npu 40 T3B/c /Ta6n. 2/. 
Koppenan;uu nonepeqHbiX ~MnynLcoB_H.MynL
TH'nepu'$e-puqecKaa. KnacTepliaa .Mo~enb~ Pac
npe'~eneHHe no yrny cp :Me:>K~Y nonepe_qHbiMH HMnynLcaMH 
napbl BTOpHqHbiX qacTHD; 06@qH0 XapaKTepu3yroT K03$$H
n;HeHTOM ·acuMMeTpHH A/2/ unu napaMeTpoM B: 

dN 
"' l + B cos¢· /15/ 

dcp . v 

B pa6oTax 1211 paccMaTpHBanucL pacnpe~eneHHa no cp ~na 
npoH3BOllbHbiX nap 3apa:>KeHHbiX qacTun;. B. 3KcnepuMeHTax 
Ha ISR ·u3yqanacb 3aBHCHMOCTb A OT pa3HOCTH 6blcTpoT 
~na 3~_pa:>KeHHbiX qacTun; . /3/ u .D.na ·nap 3apa,D.--. y -
KBaHT /4/. B pa3~ene 2 /cM.Ta6n. 3, puc. 3/6hlnurip.uBe~eHbl 
pacnpe~eneHua no cp ~na rr + rr--, rr::- ,rr - -u ~ + rr + -nap B 
rr- p -B_3aHMO~eHCTBHax npu P = 40 T3B/c !. Heo:>KH,naH
HOH 'u TPY~Ho HHTepnpeTupyeMoii qepToii pa6oT Ha ISR /3, 4 I 
aBnaeTca cne~YIDII\as:: He o6Hapy:>Keiia 3a:Bacu-MocTb 'riapa-: 
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• 

MeTpa aCHMMeTpHH OT pa3HOCTH 6biCTpOT 'iaCTHn, TOr,na :Ka:K 
Te )Ke 3:KCnepHMeHTLI 06HapJ)KHBaiOT CHJILHble 6JIH)KHHe 
:KOppenJillHH no npO,i:J.OJILHOH 6biCTpOTe. 3TOT clJa:KT npOTHBO
pe'IHT. npe,ncKa3aHHaM H3BeCTHbiX MO,neneii C 6JIH)KHHMB 
KoppenanuaMH, TaKHX .KaK MPM:B MKM. TonLKo Mo,nenu 
Tuna Mo,nenu ueKopp~nupoaaHH?JX ci'pyii npe,ncKa3biBaiOT 
KOppeJiaUHH nonepe'IHLIX HMriyJILCOB, CXO,i:J.Hble C Ha6JIIO,neH
HbiMH ua ISR /3,4/, uo 3TH Mo,neJIH He cnoco6Hbl o6'LaCHHTL 
6JIH)KHHe KOppenaUHH no 6biCTPOTe. . 

HaM Ka)Ktnca, 'ITO, B03MO)KHO, pauo .nenaTL BbiBO)J.bl 
H3 pe3yJILTaToB pa6oT, BblnonueHHbiX Ha ISR, KoTopble 
Haxo,naTCa B nP.OTBBOpe'IHH C ,naHHbiMB, nony'leHHbiMH npH 
102 T3B/c /Sb~ Tpe6yeTca 6onee .neiaJILuoe H3y'leuue 3a
BHCBMOCTH a3BMyTanLHbiX KOppenaUHH OT 6biCTpOTbi, oco-
6eHHO )J.JijJ Ma.iJLIX pa3HOC,TeH 6biCTPOT. 0'1eBH,i:J.HO, 'ITO TaK 
)Ke, Ka:K H no 6biCTpOTe, no a3H,¥YTY ,i:J.OJI)l(Hbl CYJUeCTBOBa"I:L 
,naJILBBe Koppenauuu, OHB H 6bi[IB uai,neHbi ua ISR. 

KuueMaTH'IeCKHe Koppenariuu no a3BMyTaJILHOMY yrny, 
o6ycnoarieuuble pacna,noM t!Jaiep6onoa, 6blnH npoauanu3:H
poaaubl · JleMKe u PauclJToM 1 22~Hai,neuo, 'ITO acHMMeTpua 
TaKoro npoucxo)K)J.euua o6paTHO nponopnuouaJILua Macce 
clJaaep6oJia, BJIB, 'ITO TO )Ke, 'IHCJIY ero clJparMeHTOB: 

A 
l l 
MF "" ~. 

/16/ 

· Cxo,nHbiH pe3yJILTaT no7yqp.eTca npu y'leTe . .nuuaMHKH pac
na,nuoi nenu c1Jaiep6ona 231. 

Mbi no:Ka ue paccMaTpuaaeM .nanl.uue KQppenaUHH Me)K)J.y 
npo,nyKTaMH pacna.na pa3JIH'IHbiX c1Jaiiep6onoa. H3 uawero 
auanu3a Koppenanui no 6LicTpoTe .ciie,nyeT, 'ITO "+ rr- -
naphl pci)K)J.aiOTca B pe3yJILTaTe pacna.naclJdep6onoB co cpe.n
uei Maccoi<M+->""Mo+-f::=2,anaphlrr+rr+-urr -"-
c1Jaaep60JIOB C MaCCOH 

<M >,.. < M >"" M+ +_f. ~ 3, 5. ++ . -- - . D . • 

Mw O)KH)J.aeM, cne,noaaTenLuo, 'ITO acuMMeTpua .nna rr+rr+-u 
rr -" --n.ap npuMepuo B ,naapa3a, MeHLWe, 'leM .IVIa rr + rr--
nap: 

- <M +- > . l 
·A + +,.. ·A - - = A + - ... - A + -·· TTTT TTTT TTTT 2 1T 1T 

.<M++ > 

/17/ 

18 .. 

IIpuBO.D.HMLie ,nauuble npH 40- T3B/c /Ta6n. · 3/ B nepaoM 
npH6JIH)KeHHH cornacyroTca c /17 h 

4. 3aKAIO'IeHue 

Ue:H:TpanLHble 3Ha'leHHa ,nayxqacTH'IHoii KoppenanuouHoii 
ciJYHI<nHH .R ( 0,0) npH P = 40 r3B/c uaxo,naTca B xopoweM 
cornacuu c .nauHbiMH NAL u ISR. · 

Ha6JIIO,neuuble KoppenaUHH no 6blcTpoTe .nocTaTo-.iuo 
-XOpOWO onHCbiBaiOTCa /Ka'leCTBeHHO H KOJIH'IeCTBeHHO/ C 
noMOIULIO_ MPM u MKM. 3TH Mo,nen:H .naroT pa3JIH'1Hble npe.n.;. 
CKa3aHHa OTHOCHTeJILHO 6JIH)KHHX :KOppeJiaUHH )J.JijJ 1T + rr+ -
u rr -" - -nap: B MPM -3TH Koppenanuu o:rcyTCTBYIOT, a B 
MKM ouu cna6ee, 'leM .nna ·" +rr- -nap, uo ue.paBHbi"'HyJIIO. 
3KcnepHMeHTaJILHble OIIIH6KH no:Ka CJIHWKOM BeJIHKH, 'IT06bl 
c,neJiaTL OKOH'IaTeJILHLJii BhlBO)J., HO' npu · p = 40 T3B._ 
KOMnoHeHTa 6nu)l(Hero Tuna B . rr+ rr +...: u rr -" - -Kopp_enanHax, 
no-B,B.D.HMOMY, , npucyTcTayeT. KpoMe Toro, npuMeHeHHe. 
MKM npH HH3Kux/40 T3B/ 3Hepruax/a OTnuque oT_ MPM/ 
anonue nocne,noBaTeJILHO, no3TOMY auaJ1H3 3.KcnepuMeH-

. TaJILHbiX ,nauuLix no 3Toii Mo,nenu npe,nc'raanaeTca 6onee 
y6e,nuTeJILHbiM. MKM KaqecTBeHHO xopowo co'rnacyeTca 
c ,naHHbiMH no a3HMYTaJILHbiM KOpperianHa:M. O,nuaKO Tpe-
6yeTca ,neTaJILHOe 3KcnepuMeHTanLuoe uccne.noaauue 3aBH
CHMOCTH . a3HMYTaJILHbiX KOppenaUHH OT pa3HOCTH 6LICTpOT 
.D.BYX 'laCTHU. · 
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1. Bee_oeHue 

~ns onncaHns ~ayxqacTnqHMX Koppensnnu.anocne~Hee 
apeM.II 6Mna npnMeHeHa Mo.ti,em. Mronnepa- Pe~:>Ke /MPM/ /1 I, 
a TaK:>Ke ·MynLTnnepn4Jepnqeci<as KnacTepHas Mo~em. /MKM/ 
n ~ndJpaKunoHHas KnacTepHa.ll Mo~em. /JJ.KM/ /2/. · ·. 

B paMKax 3THX :M:o~eneu .6y~yT paccMoTpeHM :~aHHMe 
no KoppensUH.IIM npn P · = 40 T:JB/c ~ns rr +" +<;,-rr +- n 
TT -TT- -n.ap MC30HOB. ,B Tep~HHaX npo~onLHMX _ 6MCTpOT / 
H a3HMyTanLHMX yrnOB. ~ 

He~asHo 6MnH ony6nnKoaaHM ~aHHMe no ~ayxqacTn<iHMM 
KoppensunsM a PP- HHKni03HBHMX peaKUnsx npn 3Heprnsx 
NALn ISH. IJMno Haii~eHo, qTo· KoppensnnoHHas 4JyHKUHB, 

. . ... 1 

onpe~eneHHas B an~e 

2 , 
d a da da 

H(y1 ,y2) a. ./--·-·---1 
m·dy dy · dy ·dy 

1 2 1 2 

/1/ 

~ns KOM6HHaD;HH THna 3apB)I(CHHaB - 3ap.ll)l(eH·HaB / 3/ H 3a
ps>KeHHaB - _HeHTpanLHaB / 4/, 06HapY:>KHBaeT B OCHOBHOM 
6nH)I(HHe Koppensn:nn_ c xapaKTepHoii )lnnnoii A = 1 + 2. · 

· B Ta6n. 1 ,2 npnae~eHM neKoTopMe ony6nnKoBaHHMe 
3HaqeHHB ·41YHKU~H H(y ,·y· 2 ) npn ~~=y 

2
=0 /3, 4,_~1. 3Ta 

BennqnHa C yqeTOM oum6oK H3MepeHHH He 3aBHCHT OT 3Hep
rHH CTOnKHOBCHHB • 

. ~aHHMe no a3HMyTanLHMM KOppenBD;HBM.B pp -CTOnKHo-
BCHHBX, nonyqeHHMe Ha ISH /3,4~ ca~eTenLCTBYJOT o6 . . 

OTCYTCTBHH CHnLHMX 6nH)I(HHX KOppenBUHH B · npe~enax 
OWH60K H3MepeHHH. 

B pa3~ene· 2 npnao~sTcs· 3KcnepnMeHTam.Hwe _pe3ym.
TaTLI npn' p = 40 F_:JB/c. Mo~enn o6c~aiOTCB: B pa3-
~ene 3. B qeTaepToM pa3~ene npoao~TC.II cpaaHeHne ~aHHMX 
no rrN ~c.oy~apeHHBM npn P = 40 T:JB/c c pe3ynbTaTaMH 
NAL H ISH H ~enaeTcB ps~ BLIBO~oa. 
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T~ I. SitcnepDemam,BHe SHa"'emm xoppe.nSitJfoHHol ipyHKitM a 
' ' ' ' ,., . . . 

k t 'i . \f. ) npx \f.~ '1 = ·~' · B pp-Bsam.o.ttelcnJiri: no ASH1JJDf J.) J'- . . ' . ·. ~ . 

AN~.·· 15 R.. 

R(O,O)npH .. R(O,O) npH 
TBII naps· 102 r3B/c. /58./ · · 205 r3B/c /56/ 

. K(O,O) npH Vs:. 
23 + 63 r3B/c /3,4/ 

-···t ··~ Jt'"' I. TC 
. -t· 

o ·s~o ·asxl · 
f . - .• •, 0, 5Q:O, 05 0, 65,±0;.05 

·TL_- 'f 
-t __ , 

; l I L 
..,.._:.; ·-, t 
It. /. 

:0,7 ±0,08 
. 0,5 +0,08. -7[- I L - . 0,4 j:O,OS 

( 0, 55_t0, 14) _.( 0, 68;±,0, I) 
' . 

0,67+0,06 -0,25j;0,06 . ' 
0,38+0,06 

' ·-
'' ·.,. 

TacSJum.a 2., .31tcnepoeB'ra.JIDHHe SH8.'18HJUI ItOppeJIHTtJIOHHOI tl'BlU\U . c 

. . ' R t J i )~·~) np~:'.-~1 = ~~.; 0 B IrP -BSSBMO.B;eiCTBBRX ~~~ Ito raB 

Tm naps !., ~ (0,0) 
' ' ' 

\'' 
0,6_ 5 +. 0,07 -. ' -+ -f { ,.r- rr -. : 0,26±.0,10 

·.; .... '. 

·'' I 

.. .. Ta6JJ:JUta. 3. KoaiJPJillll'eH'fH _ac..eTPu · pacnpe.tte.ue~.no pasBoc'tx. ~·-
. ... ·,.. MY'faJII.HHX. )TJIOB.:B Irp-Bsa&o.neiCTBBSX· npx' P=4o r3B/c 

Cll, 

;[t'f: '. 
- + . .f ;{·-[[-

I 

,,, ' ' 

0,062 + 0,006 
_,; -- ',;. ~ ·,, 

., ·. 
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· .. 75-1 R(~,~J : 

. r+;;:-· J t I -as<r.<as 
. t . .l 
I ·. IJ ... 25 

a/ 

R('rf,Y2J 

:r-:r- ---as<Yz<as. 

.25 h 
f . t 

0 I I 1 .. I I I I t'• 
,···' 

-.25 I 
2 

t t ~ 6/ 

·-.50 

6 

~ 

,. 

. i 

C-

2. 3KcnepUMeH111ClAbHbre OQHHl~~e. no. KOppeAJiijUJIM 
e 17- p- e3auMooeiicmeuJIX. npu P .= 40 T3B/c 

IIpHBe,AeHHble pe3ynLTaTbl '6blnH nony'leHLI Ha MaTepHane 
17-P.-B3aHMO,AeHCTBHH npH P = 40 f3B/c,. Ha6mo,AeHHLIX 
B 2-14eTpOBOH nponaHOBOH Ka¥epe / 6 

• . . 
Koppemm,HoHHble lilYHKUHH BH.Aa /1/ ,AHJI17 +17 -:-_, 17-17--H 

17 + 17 + -K.OM6HHaUHH npe,ACTaBneHbl Ha pHC. 1a,6,c COOTBeT
CTBeHHO. lf3 pHCYHKOB BH,AHO, 'ITO ,AHJI BCeX KOM6HHaiJ;HH 
R -clJyHKUHJI HMeeT nonmKHTenLHble 3Ha'leHHJI B neHTpanLHOH 
o6nacTH .. (y

1 
"'·Y 2 "' O).B Ta6n. 2 ,AaHLI 3Ha'leHHJI R(O,O),AnJI 

Q5<Yz<05 

yl 

H 

c/ 

~ 

~ 
PHc. 1, 3KcnepB:MeHTanLHLie 3Ha'le.HHJI · KoppenJIUHOHHOH 
$yHKUHH R ( y , y ) .AHJI peaKUHH 17- p-+ 171 +17 2 + • •• npH 
P = 40 F3B/c: a/ ,AnJI 17+17 --nap; 6/ .AHJI 17- 17- -nap; 
a/ ,AnJI 17+17 +. -nap. . · · . 
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" 
·.•' 

•· 

• 

.-17..:..17--,17+11'--H 11+11+-_nap. ¢,yHK~H11 .. R(y1 ,y2 ) .IJ;ll11 17+17-

nap noKa3aHa Ha pHc; 2 B nonynorapHdJMH'Ieci<oM MacwTa6e 
· c ~enLIO onpe~eneHHH KoppenH~oimoii: MHHbi. CnnoWHaH 
.nHHH11 H306pa:>KaeT dJYH~HIO BH,IJ;a exp (-~y/2) • __ . 

. 3Ha'leHH11 K034JdJH~HeHTa aCHMMeTpHH pacnpe,IJ;eneHH11 no 
yrnaM ( ¢) Me:>K.IJ;y nonepe'IHbiMH HMnynLca:MH, onpe,IJ;eneHHoro 
no dJop_Myne: 

1712 
· 

i ~a¢- r 
A 17/2 d¢ . 0 

17~ d¢ 
Jo. d¢ 

da d¢ 
·d¢ 

-

/2/ 

+ - + + ,nn11 17 17 - H ,I:{ll11 17 17 -H 17 17 -nap, B311TbiX BMeCTe, 
npHBe.IJ;eHhl B Ta6n. 3. 

--I 
~. 
~ 

' ~.5 
\& 

.2 

I • 
. .1 

.05 

3C·+p-- ~+ + 1r- .. ... 

• ·f" v.<-.5 
• -.5 <IJ,< -a 

~ 

'Cl .!'< y, ~- ~ 
"0<!:1,<.5 

2 
AV • Ya·Yc 

·. 
PHc. 2. 3KcnepHMeHTanLHble 3Ha'leHH11 R -dJyH~HH H pe-
3~nLTaT HX dJHTHpOBaHH11: cnnOWHble np11Mble - tPYH~H11 

' I~YI 
0,65 exp(- -

2
-) 

8 
".-·<·" 

.1. . 

,.. 

t\ -

r 
3. MooeAU poxoeHUJI '-laC mUll u oeyx'-laCmU'-IHble KoppeAJiijUU 

B nocne.nHee Bpe,M11 p11.IJ;OM aBTOp_OB /7-':- 9 I 6wila np~MeHe
Ha MPM .IJ;nH oriHcaHHH .IJ;:ByxqacTH>iHwx KoppenH~Hii:. · 

Mronnep- pe.IJ;:>Ke - )J,HarpaMMa po:>K.IJ;eHH11 .IJ;BYX nHOHOB 
B ~eHTpanLHOH o6naCTH, noKa3aHHa11 Ha pHC. 4: ,IJ;aeT .IJ;ll11 
dJyHK~HH /1/ B nepBOM npH6nioKeHHH cne.IJ;yiOU\ee Bblpa:>KeHHe: 

IY
0 

-yd I Dc 
R(y ,yd)=exp(- ) I ( pk )r ( 

c 2 k=p,f DC k 

d .· 

Df.k ) , /3/ 
Dd 

i'i' i'i' 
c 

r.IJ;e rk - cHrHaTypa TpaeKTOpHH ·K, Dik- KOHCTaHTaCB113H 
,IJ;ll11 BepWHHbl Me:>K.IJ;y 'laCT~eii: c. H TpaeKTOpH11MH j H k . 

· B pa6oTe /7a/ npoaHanH3HPOBaHbl .naHHble no o,nHo'lac
TH'IHLIM pacnpe,neneHHfg~ B ~eHTpanLHOH o6naCTH H C no

MOU\LIO 4Jep6en-nnoTa 
9 

· 
1 

da 
dY ly=O 

= A+ Bs 4 /4/ 

,nn11 KOHCTaHT CB113H nony'leHbl cne.IJ;yiOU\He 3Ha':leHH11: 

17 
D = 0,84; 

i'i' 
/5/ 

17-:. 17-
. D =-D = 0,4. 

.pp pf 

,D;n11 _ pa3nH'IHbiX KoM6HHa~Hii nHoHOB. HMe~M H3 · /3/: 

R + + = exp (-17_17_ 

' "f 

I I [ ( 
17- 2 .· 17- 2 

Y + -y + - D ) - (D ·_ ) ] 
- - ) i' f - i'P 

2 -· 17- ; 
(D ) 2 

i'i' 

[(D 17~£ )2 + (D 17 ) 2] 
i' - PP-

( D 17-) 
R + ·_ IY+ - y I 

17-17 =t= exp-(--- =F . - ) 
i'i' 

·9 



t 

l_., 

~-

• 

R· 0 . I 
1T ± 

17
o =exp (- -- ) 

Menonh3Y~ /5/, nonyqaeM: 

lr+-y-
R 

17
+

17
-= 0,45·exp (-

2 

H 

+ 

1T 2 
(D ) 

pf 

( 
TT- 2 

D.··. ) 
pp 

) 

. R + - : R ;;- . o : R ± ±= 2: l ·: 0 • 
1T 1T 1T 1T . 1T 1T 

\ 

/6/ 

/7/ 

/8/ 

(::OOTHOilleHHe /8/ llHillh B npe.l(enax TpexKpaTHOH OlllH6KH He 
npoTHBope'IHT .l(aHHhiM, · npHBe.l(eHHhiM B 1-a6n. 1 H 2 *. 

B eB.HlH e 3THM ene.l(yeT OTMeTHTb HeKOTOp)'IO He-
noene,I:(OBaTenbHOeTb npHMeHeHH.H MPM K aHanH3Y 3KenepH
MeHTanhHhiX ,I:(aHHhiX ... 

. /a/ 3KenepJiMeHTallbHhie ,I:(aHHbie , HenOllb30BaHHble DpH 
noeTpOeHHH ci>ep6eJI-nnoTa / 9 ~ B OeHOBHOM nony'leHbl npH 
3HeprH.HX HH>Ke. 20-;-30 T3B, npll K<hophlx onHeaHHe Mron-· 
nepa- Pe.l(>Ke He nnonHe KoppeKTHO. ,lJ;aHHhie, aHanH3HponaH
Hhle <I>ep_6enoM /9 ~ Maiiep H _CTpyqHHeKH/10/~ yenexo:r.t ~n
npoKeHMHponami ci>yH'K~Heii BH.l(a A+ B s-1 14• qaH H .l(p. II~ 
a TaK>Ke KaHeeKH /I 2a/ H JinyTB:e'p /I2h~ paMKax M:ynhTHpe.l(
>KHOHHOB MO.l(enH 06b.HCH.HIOT- poeT HHKni03HBHbiX ee'leHHH 
a6eop6THBHbiMH HllH 'noporOBbiMH 3ci>ci>eKTaMH: 

. · /6/ B MPM 6nH>KHHe Koppen.HUHH .l(On>KHhi"Ha6mo.l(aThe.H 
B o6naeTH ·nnaTo. Ilo3TOMY npe.l(eTaBn.HeTe.H HeO>KH.l(aHHhiM, 
'ITO •noBe,I:(eHHe BH,I:(a R (fly) "" exp (- !iy /2) Ha6nro,I:(aeTe.H y)Ke 

· npaKTH'IeeKH npH TaKHX 3HeprH.Hx /KaK 40 T3B/, r.l(e nnaTo 
B O.l(HO'II).eTH'IHOM eneKTpe no y e,I:(Ba llH eci>opMHpOBa
noeb 113 ~ · 

*IIOeKOllhKY ony6nHKOBaHHble ,I:(aHHble /eM. Ta6n; 1 H. 2/ 
He o6Hapy)KHBaJOT .HBHoii 3aBHeHMOeTH R(O,O) ·oT 3HeprHH 
B HHTepnane .. E na6~ = 4071500 F3B, Mhl npe.l(noqnH ·He 
epaBHHBaTh 3KeliepHMeHTanhHhle .l(aHHhle e MPM, KaK B pa-. 
6oTe /7c/,r.l(e a· pa3nO)KeHHH R(O,O) paeeMoTpeH qneH, 
3aBHeMII.\HH OT 3HeprHH. 
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PHe. 3. Paenpe,I:(eneHHH. no pa3HOeTH a3HMyTanhHhiX yrnon 
pa3llH'IHbiX nap 1T .,Me30HOB. . . . 

.. K 0 p pen .HI{ H H n C!. 0 hie T p 0 T e B I{ e" H T pan b H 0 ii 0 6-
na e TH · H o 6 pa 3 onaHH e Knae Te po B. Ilpe.l(eTa.n-
neHHe 0. pO)K.l(eHHH KnaeTepoB B l{eHTpallbHOH. o6naeTH / 2 / · 

oeHoBaHo Ha MKM /eM. pHe. 5/ H. Ha eTaTHeTH'IeeKoii 
6yTeTpanHoii MO.l(enH/<;.BM/ paena,I:(a KnaeTepoB /14/. . 

· MKM eno6o.l(Ha-.o~ Henoene.l(oBaTeJihHoeTeii /a/ H.:/6/ 
npH KOHe'IHhiX 3HeprH.HX. MKM 6hlna nnepnhle npHMeHeHa .l(n.H. 
onHeaHHJI' HHKlli03HBHhiX xoppen.HIUIH r. PaHci>T H if; PaHci>TOM / 2 /, . 

. a .TaKJice .l(pyrHMH. aBTOpaMH. / 15• 16• 17 a' -1 7 b /.. 0eH9BHOe 
· npe.l(nono>KeHHe MKM o po)K.l(eHHB qaeTHI{ n ue~TpallbHoii 
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o6nacTH qepe3 .o6pa3oBaHHe x~acTepoB, nanpHMep, pe3o
HaHCOB, KOTOpLie 6LinH HaH~eHbl B ManoqacTHqHbiX peaKUHHX, 
BLirn~HT BnOnHe. ecTeCTBeHHLIM. 

Tpy~Ho, o~Haxo, iipe~cKa3aTL onpe~eneHHLie .cBoiicTBa · 
KnacTepoB /KaK, HanpHMep, cneKTp Mace, MHO)I(eCT.BeHHOCTb 
H ~ .~./ c noMo~LIO KOHKpeTHOH MynLTHnepH!lJepHqecxoH: · 
CXeMLI, T.K. TaKOe onHCaHHe 6y~eT CHHbHO 3aBHCeT~_.OT 
KOHCTaHT CBH3H, BBe~eHHLIX B MO~enL. HaM npe~CTaBnHeTCH 
6onee Ha~e)I(HLIM ~pyroH: nyTL: liJeHoMeHonorHqecxH HaRTH 
CBOHCTBa KnacTeJlOB, HCXO~H H3 ~aHHLIX .no HHKni03HBHbiM 
peaKUHHM / 2, l~, lS/~ . . . . . '· . 

XapaxiepHCT'K~ pacna~a xnacTepoB /4JaH:ep6oimB/ onH
CbiBaiOTCH CBM 14 • .D;nH aHanH3a Tpe6yeTcH TonLKO o~o
qacTHqHLIH cnexTp no 6Lic~:rpoTe qacTHU copTa i, o6pa3oBaB
WHXCH B pe3yn:i.TaTe pacna~a b~oro4Jaiiep6ona c 6LicTpoToii 
.,., • TaxoH: cnexTp c yqeTOM HeToqH<lCTH coBpeMeHHLIX 3Kcne
pHMeHTanLHbiX ~aHHLIX MO)I(eT 6LITb annpOKCHMHpOBaH B BH- ' 
~e: 

dn(T/) 

.. dy. 
1 

'M 
~ 

2a 

IT/-y. ·1· 
exp (...; ··--.-. 1_· -) 

a - /9/ 

r~e M F- .Macca 4Jaiiep6ona, a"" 1,3 - napaMeTp, xapax~e
pH3YIOIUHH cpe~HIOIO KHHeTHqecKYJO 3HeprHIO qacTHULI npH 
H30TponHoM pacna,ne 4JaH:ep6ona, · g i -: napa~erp, onpe~e
nHIDIUHH · cpe~Himo MHo)KecTBeHHOCTL qacTHU copTa i · .. ,il;nH 
nHOHOB Mbl HCnOHL3yeM 3~a~eHH~ g TT "' ·. 2!25 T3B - 1 · H 
g 

71
+= g 17-= g 71 o = 0,75 T3B -I • .. · ·' . 
,lJ;ByxqacTHqHoe pacnpe~eneHHe !lJparMeHTOB o~oro 4JaH:

ep6ona B nepBOM npH6nH)I(eHHH 4JaKTOpH3yeTCH: 

d 2n (.,.,) g ·· (MF) 171-Y .1 
1_J -. - exp (- 1 

•2 . 
4a a 

1 . . 
171-Yj -)./10/ 

dy i dy j 

:*IlapaMeTpLI a, g. BLiqHcneHLI Ha ocHoBe o6~x npe~-
. 1 ' . . .. ' 

nono)l(eHHH CBM /2, 14, IS/. · · \..+~ 
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J 

• 

)J.ml H.I:(eHTHqHLIX qaCTH~ Mbl HMeeM: 

g ii . ( M F ) = g i M F ( g i .M . F ...: 1) ' 

,nnH HeH,neHTHqHLIX - . 
I 2 

. g ij (M F) = ~ i g i M F • 

Pacnpe.neneHHe $aiiep6onoB no 6LicTpoTe B o6nacTH 
nnaTo .He 3aBHCHT OT TJ H na.naeT c yBenuqeHHeM M F·: 

d
2

NF· . Bb
2 

. 
--'---=F(TJ,MF} =--. -(MF~M 0 )exp(-b(MF-M )),/ll/ 

dTJ d M F · <M F> o 

r.ne M F ~ M 0 "" 1 r3B B"" 1,3-

- HripMHpoBoqHLiii napaMeTp, Haii.neHHLIH H3 o.nHoqacTHqHLIX 
cneKTpoB, nonyqeHHLIX Ha ISR, cpe,nHJUI Macca $aiiep6ona 
<M r> "" Mo + 2/b~ llapaMeTp b onpe.nemleTCH H3 ,naHHLIX no 
,nByxqacTuqHLIM l<:oppen.ii~HHM; o~eHKa b ""1,572 F3B-

1
co

rnacyeTCH C pe3ynLTaTaMH, npHBO.I:(HMLIMH B pa3,nene 2 *. 
_EcnH O.I:(HoqaCTHqHLIH cneKTp no 6LICTpOTe HMeeT nnaTO 

B ~eHTpanLHOH o6naCTH, TO 

' 00 ',: . 00 

~ = f dTJ f dMF·F(TJ,MF) 
dyi -oo M 

dn(TJ) 

dy. 
g i B. /12/ 

I 

)J.ByxqacTHqHLie pacnpe.neneHHH HMeiOT ,nBa BKna.na: 

d
2

N 00 

dy. dy. 
I ] 

-oo 

dTJ f 
00 

f 
M .• 

I) 

d M • ·F ( TJ, M ) 
F . F 

2 
d n(TJ) 

+ 
dy i dy j 

* 3HaqeHHe napaMeTpa b 6blno onpe.neneHo no BenuqHHe 
R (0,0) .nnH rr -"--nap /eM. clJopMyriy /14//. · · 

~)4 

r 
00 ,00 

+ f dry1 f 
-oo -oo 

xF(7J
2

,M
2
). 

00 

dTJ ' f 2 . 
Mo 

00 

dM
1 

f·dM
2
·-·F(7J ,M .) x. 

1 1 
Mo 

dn (lj·~) 
. 1 

dn(7J·) 
. 2. 

dy. 
I 

dy. 
l 

/13/. 

llepBLIH 1meH onHCLIBaeT napbl qacT~, po)K.I:(aiOmHXCH npH 
pacna.ne o.nHoro H Toro )l(e $aiiep6ona, BTopoii qneH - · oT 
pa3HLIX. HH)I(HHH npe.nen HHTerpupoBaHHH Mij B nepBoM qnelle 
3aBHCHT oT THna ·paccMaTpHBaeMoii nap:w qacT~. MLI 
nonaraeM; q'fo napbl rr + rr -·H rr .± rr o MoryT o6pa3oBaTLCH oT 
pacna".na n106oro $aiiep6ona c · M > M

0 
•. llapbl rr + rr + H rr-:-rr -,. 

H3- 3_a COXpaHeHHH :)apH,na· H H30CnHHa pO)K.I:(aiOTCH COBMeCT
HO C TpeMH HnH qeTLipbMH ,npyrHMH qacT~aMH, Cne,noBa
TenLHO, B cpe,nHeM ,nnH ;+rr+-H TT-TT --nap HCTOqHHKOM cny
)l(aT cyll(ecTBeHHo 6onee TH)I(en:i.J:e KnacTepbl, .qeM .nnH nap 
rr+rr~ HnH TT ± rr 0

, B: Mbl nonaraeM M++ =M __ ;,2,5 F3B. B co-. 
{)TBeTCTBHH C 3THM H3 /ll/ cne,nyeT: qTo Be~OHTHOCTL 
HaRTH TT+TT+-fl TT -rr--napbl MeHLWe, qeM TT+ TT--H TT-r7° -napbl. 

linaro,napg $aKTOpH3a~HH BTOporo qneHa B /13/t noBe
,neHHe KOpperiH~HOHHOH tPYHK~HH /1/ onpe,nenHeTCH B oc
HOBHOM nepBLIM qneHOM H3 /13/: 

00 00 

1 )--
R(yi,yi·- g•igjB f d11 I 

-oo Mij 

· M r 
dM F(lJ F. dy. dyl. F . . I 

lr. ~r.l lr
1 
-y .I 

exp ( "- 1 J ) ( 1 + l ) 
a a 

/14/ _,:__ _ _;..... _____ J .. (h) 
1] . 

J .. (h) 
1 J 

Bg,i gj <M?4a 

00 

J 
M ij 

<MF> . " 
dM. . F ( 1J' M) g. M ( g~· M- p. I 

B ·. ·. 1 . 1 ... 
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-· 
~YHKnua /14/ HMeeT TunuqHoe noBe~eHue-Koppenanuii 

6nu:>KHero nopa~Ka, qTo · cne~yeT H3 pacna~HbiX CBOHCTB . 
KnacTepoB. . 

TaKHM o6pa3oM, 6nH:>KHHe Koppenanuu B03HHKruoT He 
TOn:bKO npH aCHMnTOTHqeCKHX 3Hepruax, OHH conyTCTByroT 
ycTaHoBneHHID npon;ecca o6pa3oBaHHa KnacTepoB, qTo npo
uc~o~HT, KaK Mbl 3HaeM, npu 3Hepruax ·3Haqu~en~.Ho HH:>Ke 
acuMnToTuqecKoro. pe~:>Ke- npe~ena. 

Cpe~HHe 3HaqeHHa <MF>,;,M0+i- ~na KnacTepoB, pacna
~aiDII\HXCa Ha 4+5 qaCTHD;, ~OCTaTO~HO Manbi, TaK qTO 
MHOrHe .. J<:naCTepbl, B03MO:>KHO, .· eCTb pe30HaHCbl, H3BecT-
Hbl·e no Ta6nun;aM Po3eH$enL~a. . 

.· B ~o6aBneHue· K /14/ R(yi·· y y) HMeeTBKna~ ~anLHr-
. ~eHCTBYIOII\ero xapaKTepa OT ~H$paKD;HOHHOH KOMnOHeHTbl 19 / 

H OT cynepn03HD;HH ~H$paKn;HOHHOH H 6nH:>KHeH KOMnOHeHT . 
B ~ByXKOMnOHeHTHOH MO~enH. /20/.B pe3yllbTal'e TaKOH .. 
cynepno3HD;HH R(yi ,yi) B n;eHTpan~.uoii o6nacTH (yi "'Yj .. o), 
noHaUIHM on;eHKaM, yBenuquBaeTca Ha"' 0,2. .· .. . -:-

B Ta6n. 4 · npuBo~aTca qucneHHbie 3HaqeHHa R -$yHK
n;uu, · cne~yiDII\He' H3. /14/, c yqeTOM Hanuqug ~anLHo~eiicT
BYIDII\eH KOMnoHeHTbi. PaciieTbi xopomo cornacyroTca .c ~aH
HbiMH NAL u ISR. /Ta6.ri.-1/ u pe3ynLTaTaMH, nonyqeHHbiMH. 
npu 40 T3B/c /Ta6n. 2/. 
Koppenan;uu nonepeqHbiX ~MnynLcoB_H.MynL
TH'nepu'$e-puqecKaa. KnacTepliaa .Mo~enb~ Pac
npe'~eneHHe no yrny cp :Me:>K~Y nonepe_qHbiMH HMnynLcaMH 
napbl BTOpHqHbiX qacTHD; 06@qH0 XapaKTepu3yroT K03$$H
n;HeHTOM ·acuMMeTpHH A/2/ unu napaMeTpoM B: 

dN 
"' l + B cos¢· /15/ 

dcp . v 

B pa6oTax 1211 paccMaTpHBanucL pacnpe~eneHHa no cp ~na 
npoH3BOllbHbiX nap 3apa:>KeHHbiX qacTun;. B. 3KcnepuMeHTax 
Ha ISR ·u3yqanacb 3aBHCHMOCTb A OT pa3HOCTH 6blcTpoT 
~na 3~_pa:>KeHHbiX qacTun; . /3/ u .D.na ·nap 3apa,D.--. y -
KBaHT /4/. B pa3~ene 2 /cM.Ta6n. 3, puc. 3/6hlnurip.uBe~eHbl 
pacnpe~eneHua no cp ~na rr + rr--, rr::- ,rr - -u ~ + rr + -nap B 
rr- p -B_3aHMO~eHCTBHax npu P = 40 T3B/c !. Heo:>KH,naH
HOH 'u TPY~Ho HHTepnpeTupyeMoii qepToii pa6oT Ha ISR /3, 4 I 
aBnaeTca cne~YIDII\as:: He o6Hapy:>Keiia 3a:Bacu-MocTb 'riapa-: 
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• 

MeTpa aCHMMeTpHH OT pa3HOCTH 6biCTpOT 'iaCTHn, TOr,na :Ka:K 
Te )Ke 3:KCnepHMeHTLI 06HapJ)KHBaiOT CHJILHble 6JIH)KHHe 
:KOppenJillHH no npO,i:J.OJILHOH 6biCTpOTe. 3TOT clJa:KT npOTHBO
pe'IHT. npe,ncKa3aHHaM H3BeCTHbiX MO,neneii C 6JIH)KHHMB 
KoppenanuaMH, TaKHX .KaK MPM:B MKM. TonLKo Mo,nenu 
Tuna Mo,nenu ueKopp~nupoaaHH?JX ci'pyii npe,ncKa3biBaiOT 
KOppeJiaUHH nonepe'IHLIX HMriyJILCOB, CXO,i:J.Hble C Ha6JIIO,neH
HbiMH ua ISR /3,4/, uo 3TH Mo,neJIH He cnoco6Hbl o6'LaCHHTL 
6JIH)KHHe KOppenaUHH no 6biCTPOTe. . 

HaM Ka)Ktnca, 'ITO, B03MO)KHO, pauo .nenaTL BbiBO)J.bl 
H3 pe3yJILTaToB pa6oT, BblnonueHHbiX Ha ISR, KoTopble 
Haxo,naTCa B nP.OTBBOpe'IHH C ,naHHbiMB, nony'leHHbiMH npH 
102 T3B/c /Sb~ Tpe6yeTca 6onee .neiaJILuoe H3y'leuue 3a
BHCBMOCTH a3BMyTanLHbiX KOppenaUHH OT 6biCTpOTbi, oco-
6eHHO )J.JijJ Ma.iJLIX pa3HOC,TeH 6biCTPOT. 0'1eBH,i:J.HO, 'ITO TaK 
)Ke, Ka:K H no 6biCTpOTe, no a3H,¥YTY ,i:J.OJI)l(Hbl CYJUeCTBOBa"I:L 
,naJILBBe Koppenauuu, OHB H 6bi[IB uai,neHbi ua ISR. 

KuueMaTH'IeCKHe Koppenariuu no a3BMyTaJILHOMY yrny, 
o6ycnoarieuuble pacna,noM t!Jaiep6onoa, 6blnH npoauanu3:H
poaaubl · JleMKe u PauclJToM 1 22~Hai,neuo, 'ITO acHMMeTpua 
TaKoro npoucxo)K)J.euua o6paTHO nponopnuouaJILua Macce 
clJaaep6oJia, BJIB, 'ITO TO )Ke, 'IHCJIY ero clJparMeHTOB: 

A 
l l 
MF "" ~. 

/16/ 

· Cxo,nHbiH pe3yJILTaT no7yqp.eTca npu y'leTe . .nuuaMHKH pac
na,nuoi nenu c1Jaiep6ona 231. 

Mbi no:Ka ue paccMaTpuaaeM .nanl.uue KQppenaUHH Me)K)J.y 
npo,nyKTaMH pacna.na pa3JIH'IHbiX c1Jaiiep6onoa. H3 uawero 
auanu3a Koppenanui no 6LicTpoTe .ciie,nyeT, 'ITO "+ rr- -
naphl pci)K)J.aiOTca B pe3yJILTaTe pacna.naclJdep6onoB co cpe.n
uei Maccoi<M+->""Mo+-f::=2,anaphlrr+rr+-urr -"-
c1Jaaep60JIOB C MaCCOH 

<M >,.. < M >"" M+ +_f. ~ 3, 5. ++ . -- - . D . • 

Mw O)KH)J.aeM, cne,noaaTenLuo, 'ITO acuMMeTpua .nna rr+rr+-u 
rr -" --n.ap npuMepuo B ,naapa3a, MeHLWe, 'leM .IVIa rr + rr--
nap: 

- <M +- > . l 
·A + +,.. ·A - - = A + - ... - A + -·· TTTT TTTT TTTT 2 1T 1T 

.<M++ > 

/17/ 

18 .. 

IIpuBO.D.HMLie ,nauuble npH 40- T3B/c /Ta6n. · 3/ B nepaoM 
npH6JIH)KeHHH cornacyroTca c /17 h 

4. 3aKAIO'IeHue 

Ue:H:TpanLHble 3Ha'leHHa ,nayxqacTH'IHoii KoppenanuouHoii 
ciJYHI<nHH .R ( 0,0) npH P = 40 r3B/c uaxo,naTca B xopoweM 
cornacuu c .nauHbiMH NAL u ISR. · 

Ha6JIIO,neuuble KoppenaUHH no 6blcTpoTe .nocTaTo-.iuo 
-XOpOWO onHCbiBaiOTCa /Ka'leCTBeHHO H KOJIH'IeCTBeHHO/ C 
noMOIULIO_ MPM u MKM. 3TH Mo,nen:H .naroT pa3JIH'1Hble npe.n.;. 
CKa3aHHa OTHOCHTeJILHO 6JIH)KHHX :KOppeJiaUHH )J.JijJ 1T + rr+ -
u rr -" - -nap: B MPM -3TH Koppenanuu o:rcyTCTBYIOT, a B 
MKM ouu cna6ee, 'leM .nna ·" +rr- -nap, uo ue.paBHbi"'HyJIIO. 
3KcnepHMeHTaJILHble OIIIH6KH no:Ka CJIHWKOM BeJIHKH, 'IT06bl 
c,neJiaTL OKOH'IaTeJILHLJii BhlBO)J., HO' npu · p = 40 T3B._ 
KOMnoHeHTa 6nu)l(Hero Tuna B . rr+ rr +...: u rr -" - -Kopp_enanHax, 
no-B,B.D.HMOMY, , npucyTcTayeT. KpoMe Toro, npuMeHeHHe. 
MKM npH HH3Kux/40 T3B/ 3Hepruax/a OTnuque oT_ MPM/ 
anonue nocne,noBaTeJILHO, no3TOMY auaJ1H3 3.KcnepuMeH-

. TaJILHbiX ,nauuLix no 3Toii Mo,nenu npe,nc'raanaeTca 6onee 
y6e,nuTeJILHbiM. MKM KaqecTBeHHO xopowo co'rnacyeTca 
c ,naHHbiMH no a3HMYTaJILHbiM KOpperianHa:M. O,nuaKO Tpe-
6yeTca ,neTaJILHOe 3KcnepuMeHTanLuoe uccne.noaauue 3aBH
CHMOCTH . a3HMYTaJILHbiX KOppenaUHH OT pa3HOCTH 6LICTpOT 
.D.BYX 'laCTHU. · 
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1. Bee_oeHue 

~ns onncaHns ~ayxqacTnqHMX Koppensnnu.anocne~Hee 
apeM.II 6Mna npnMeHeHa Mo.ti,em. Mronnepa- Pe~:>Ke /MPM/ /1 I, 
a TaK:>Ke ·MynLTnnepn4Jepnqeci<as KnacTepHas Mo~em. /MKM/ 
n ~ndJpaKunoHHas KnacTepHa.ll Mo~em. /JJ.KM/ /2/. · ·. 

B paMKax 3THX :M:o~eneu .6y~yT paccMoTpeHM :~aHHMe 
no KoppensUH.IIM npn P · = 40 T:JB/c ~ns rr +" +<;,-rr +- n 
TT -TT- -n.ap MC30HOB. ,B Tep~HHaX npo~onLHMX _ 6MCTpOT / 
H a3HMyTanLHMX yrnOB. ~ 

He~asHo 6MnH ony6nnKoaaHM ~aHHMe no ~ayxqacTn<iHMM 
KoppensunsM a PP- HHKni03HBHMX peaKUnsx npn 3Heprnsx 
NALn ISH. IJMno Haii~eHo, qTo· KoppensnnoHHas 4JyHKUHB, 

. . ... 1 

onpe~eneHHas B an~e 

2 , 
d a da da 

H(y1 ,y2) a. ./--·-·---1 
m·dy dy · dy ·dy 

1 2 1 2 

/1/ 

~ns KOM6HHaD;HH THna 3apB)I(CHHaB - 3ap.ll)l(eH·HaB / 3/ H 3a
ps>KeHHaB - _HeHTpanLHaB / 4/, 06HapY:>KHBaeT B OCHOBHOM 
6nH)I(HHe Koppensn:nn_ c xapaKTepHoii )lnnnoii A = 1 + 2. · 

· B Ta6n. 1 ,2 npnae~eHM neKoTopMe ony6nnKoBaHHMe 
3HaqeHHB ·41YHKU~H H(y ,·y· 2 ) npn ~~=y 

2
=0 /3, 4,_~1. 3Ta 

BennqnHa C yqeTOM oum6oK H3MepeHHH He 3aBHCHT OT 3Hep
rHH CTOnKHOBCHHB • 

. ~aHHMe no a3HMyTanLHMM KOppenBD;HBM.B pp -CTOnKHo-
BCHHBX, nonyqeHHMe Ha ISH /3,4~ ca~eTenLCTBYJOT o6 . . 

OTCYTCTBHH CHnLHMX 6nH)I(HHX KOppenBUHH B · npe~enax 
OWH60K H3MepeHHH. 

B pa3~ene· 2 npnao~sTcs· 3KcnepnMeHTam.Hwe _pe3ym.
TaTLI npn' p = 40 F_:JB/c. Mo~enn o6c~aiOTCB: B pa3-
~ene 3. B qeTaepToM pa3~ene npoao~TC.II cpaaHeHne ~aHHMX 
no rrN ~c.oy~apeHHBM npn P = 40 T:JB/c c pe3ynbTaTaMH 
NAL H ISH H ~enaeTcB ps~ BLIBO~oa. 
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T~ I. SitcnepDemam,BHe SHa"'emm xoppe.nSitJfoHHol ipyHKitM a 
' ' ' ' ,., . . . 

k t 'i . \f. ) npx \f.~ '1 = ·~' · B pp-Bsam.o.ttelcnJiri: no ASH1JJDf J.) J'- . . ' . ·. ~ . 

AN~.·· 15 R.. 

R(O,O)npH .. R(O,O) npH 
TBII naps· 102 r3B/c. /58./ · · 205 r3B/c /56/ 

. K(O,O) npH Vs:. 
23 + 63 r3B/c /3,4/ 

-···t ··~ Jt'"' I. TC 
. -t· 

o ·s~o ·asxl · 
f . - .• •, 0, 5Q:O, 05 0, 65,±0;.05 

·TL_- 'f 
-t __ , 

; l I L 
..,.._:.; ·-, t 
It. /. 

:0,7 ±0,08 
. 0,5 +0,08. -7[- I L - . 0,4 j:O,OS 

( 0, 55_t0, 14) _.( 0, 68;±,0, I) 
' . 

0,67+0,06 -0,25j;0,06 . ' 
0,38+0,06 

' ·-
'' ·.,. 

TacSJum.a 2., .31tcnepoeB'ra.JIDHHe SH8.'18HJUI ItOppeJIHTtJIOHHOI tl'BlU\U . c 

. . ' R t J i )~·~) np~:'.-~1 = ~~.; 0 B IrP -BSSBMO.B;eiCTBBRX ~~~ Ito raB 

Tm naps !., ~ (0,0) 
' ' ' 

\'' 
0,6_ 5 +. 0,07 -. ' -+ -f { ,.r- rr -. : 0,26±.0,10 

·.; .... '. 

·'' I 

.. .. Ta6JJ:JUta. 3. KoaiJPJillll'eH'fH _ac..eTPu · pacnpe.tte.ue~.no pasBoc'tx. ~·-
. ... ·,.. MY'faJII.HHX. )TJIOB.:B Irp-Bsa&o.neiCTBBSX· npx' P=4o r3B/c 

Cll, 

;[t'f: '. 
- + . .f ;{·-[[-

I 

,,, ' ' 

0,062 + 0,006 
_,; -- ',;. ~ ·,, 

., ·. 
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· .. 75-1 R(~,~J : 

. r+;;:-· J t I -as<r.<as 
. t . .l 
I ·. IJ ... 25 

a/ 

R('rf,Y2J 

:r-:r- ---as<Yz<as. 

.25 h 
f . t 

0 I I 1 .. I I I I t'• 
,···' 

-.25 I 
2 

t t ~ 6/ 

·-.50 

6 

~ 

,. 

. i 

C-

2. 3KcnepUMeH111ClAbHbre OQHHl~~e. no. KOppeAJiijUJIM 
e 17- p- e3auMooeiicmeuJIX. npu P .= 40 T3B/c 

IIpHBe,AeHHble pe3ynLTaTbl '6blnH nony'leHLI Ha MaTepHane 
17-P.-B3aHMO,AeHCTBHH npH P = 40 f3B/c,. Ha6mo,AeHHLIX 
B 2-14eTpOBOH nponaHOBOH Ka¥epe / 6 

• . . 
Koppemm,HoHHble lilYHKUHH BH.Aa /1/ ,AHJI17 +17 -:-_, 17-17--H 

17 + 17 + -K.OM6HHaUHH npe,ACTaBneHbl Ha pHC. 1a,6,c COOTBeT
CTBeHHO. lf3 pHCYHKOB BH,AHO, 'ITO ,AHJI BCeX KOM6HHaiJ;HH 
R -clJyHKUHJI HMeeT nonmKHTenLHble 3Ha'leHHJI B neHTpanLHOH 
o6nacTH .. (y

1 
"'·Y 2 "' O).B Ta6n. 2 ,AaHLI 3Ha'leHHJI R(O,O),AnJI 

Q5<Yz<05 

yl 

H 

c/ 

~ 

~ 
PHc. 1, 3KcnepB:MeHTanLHLie 3Ha'le.HHJI · KoppenJIUHOHHOH 
$yHKUHH R ( y , y ) .AHJI peaKUHH 17- p-+ 171 +17 2 + • •• npH 
P = 40 F3B/c: a/ ,AnJI 17+17 --nap; 6/ .AHJI 17- 17- -nap; 
a/ ,AnJI 17+17 +. -nap. . · · . 
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• 

.-17..:..17--,17+11'--H 11+11+-_nap. ¢,yHK~H11 .. R(y1 ,y2 ) .IJ;ll11 17+17-

nap noKa3aHa Ha pHc; 2 B nonynorapHdJMH'Ieci<oM MacwTa6e 
· c ~enLIO onpe~eneHHH KoppenH~oimoii: MHHbi. CnnoWHaH 
.nHHH11 H306pa:>KaeT dJYH~HIO BH,IJ;a exp (-~y/2) • __ . 

. 3Ha'leHH11 K034JdJH~HeHTa aCHMMeTpHH pacnpe,IJ;eneHH11 no 
yrnaM ( ¢) Me:>K.IJ;y nonepe'IHbiMH HMnynLca:MH, onpe,IJ;eneHHoro 
no dJop_Myne: 

1712 
· 

i ~a¢- r 
A 17/2 d¢ . 0 

17~ d¢ 
Jo. d¢ 

da d¢ 
·d¢ 

-

/2/ 

+ - + + ,nn11 17 17 - H ,I:{ll11 17 17 -H 17 17 -nap, B311TbiX BMeCTe, 
npHBe.IJ;eHhl B Ta6n. 3. 

--I 
~. 
~ 

' ~.5 
\& 

.2 

I • 
. .1 

.05 

3C·+p-- ~+ + 1r- .. ... 

• ·f" v.<-.5 
• -.5 <IJ,< -a 

~ 

'Cl .!'< y, ~- ~ 
"0<!:1,<.5 

2 
AV • Ya·Yc 

·. 
PHc. 2. 3KcnepHMeHTanLHble 3Ha'leHH11 R -dJyH~HH H pe-
3~nLTaT HX dJHTHpOBaHH11: cnnOWHble np11Mble - tPYH~H11 

' I~YI 
0,65 exp(- -

2
-) 

8 
".-·<·" 

.1. . 

,.. 

t\ -

r 
3. MooeAU poxoeHUJI '-laC mUll u oeyx'-laCmU'-IHble KoppeAJiijUU 

B nocne.nHee Bpe,M11 p11.IJ;OM aBTOp_OB /7-':- 9 I 6wila np~MeHe
Ha MPM .IJ;nH oriHcaHHH .IJ;:ByxqacTH>iHwx KoppenH~Hii:. · 

Mronnep- pe.IJ;:>Ke - )J,HarpaMMa po:>K.IJ;eHH11 .IJ;BYX nHOHOB 
B ~eHTpanLHOH o6naCTH, noKa3aHHa11 Ha pHC. 4: ,IJ;aeT .IJ;ll11 
dJyHK~HH /1/ B nepBOM npH6nioKeHHH cne.IJ;yiOU\ee Bblpa:>KeHHe: 

IY
0 

-yd I Dc 
R(y ,yd)=exp(- ) I ( pk )r ( 

c 2 k=p,f DC k 

d .· 

Df.k ) , /3/ 
Dd 

i'i' i'i' 
c 

r.IJ;e rk - cHrHaTypa TpaeKTOpHH ·K, Dik- KOHCTaHTaCB113H 
,IJ;ll11 BepWHHbl Me:>K.IJ;y 'laCT~eii: c. H TpaeKTOpH11MH j H k . 

· B pa6oTe /7a/ npoaHanH3HPOBaHbl .naHHble no o,nHo'lac
TH'IHLIM pacnpe,neneHHfg~ B ~eHTpanLHOH o6naCTH H C no

MOU\LIO 4Jep6en-nnoTa 
9 

· 
1 

da 
dY ly=O 

= A+ Bs 4 /4/ 

,nn11 KOHCTaHT CB113H nony'leHbl cne.IJ;yiOU\He 3Ha':leHH11: 

17 
D = 0,84; 

i'i' 
/5/ 

17-:. 17-
. D =-D = 0,4. 

.pp pf 

,D;n11 _ pa3nH'IHbiX KoM6HHa~Hii nHoHOB. HMe~M H3 · /3/: 

R + + = exp (-17_17_ 

' "f 

I I [ ( 
17- 2 .· 17- 2 

Y + -y + - D ) - (D ·_ ) ] 
- - ) i' f - i'P 

2 -· 17- ; 
(D ) 2 

i'i' 

[(D 17~£ )2 + (D 17 ) 2] 
i' - PP-

( D 17-) 
R + ·_ IY+ - y I 

17-17 =t= exp-(--- =F . - ) 
i'i' 

·9 
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l_., 

~-

• 

R· 0 . I 
1T ± 

17
o =exp (- -- ) 

Menonh3Y~ /5/, nonyqaeM: 

lr+-y-
R 

17
+

17
-= 0,45·exp (-

2 

H 

+ 

1T 2 
(D ) 

pf 

( 
TT- 2 

D.··. ) 
pp 

) 

. R + - : R ;;- . o : R ± ±= 2: l ·: 0 • 
1T 1T 1T 1T . 1T 1T 

\ 

/6/ 

/7/ 

/8/ 

(::OOTHOilleHHe /8/ llHillh B npe.l(enax TpexKpaTHOH OlllH6KH He 
npoTHBope'IHT .l(aHHhiM, · npHBe.l(eHHhiM B 1-a6n. 1 H 2 *. 

B eB.HlH e 3THM ene.l(yeT OTMeTHTb HeKOTOp)'IO He-
noene,I:(OBaTenbHOeTb npHMeHeHH.H MPM K aHanH3Y 3KenepH
MeHTanhHhiX ,I:(aHHhiX ... 

. /a/ 3KenepJiMeHTallbHhie ,I:(aHHbie , HenOllb30BaHHble DpH 
noeTpOeHHH ci>ep6eJI-nnoTa / 9 ~ B OeHOBHOM nony'leHbl npH 
3HeprH.HX HH>Ke. 20-;-30 T3B, npll K<hophlx onHeaHHe Mron-· 
nepa- Pe.l(>Ke He nnonHe KoppeKTHO. ,lJ;aHHhie, aHanH3HponaH
Hhle <I>ep_6enoM /9 ~ Maiiep H _CTpyqHHeKH/10/~ yenexo:r.t ~n
npoKeHMHponami ci>yH'K~Heii BH.l(a A+ B s-1 14• qaH H .l(p. II~ 
a TaK>Ke KaHeeKH /I 2a/ H JinyTB:e'p /I2h~ paMKax M:ynhTHpe.l(
>KHOHHOB MO.l(enH 06b.HCH.HIOT- poeT HHKni03HBHbiX ee'leHHH 
a6eop6THBHbiMH HllH 'noporOBbiMH 3ci>ci>eKTaMH: 

. · /6/ B MPM 6nH>KHHe Koppen.HUHH .l(On>KHhi"Ha6mo.l(aThe.H 
B o6naeTH ·nnaTo. Ilo3TOMY npe.l(eTaBn.HeTe.H HeO>KH.l(aHHhiM, 
'ITO •noBe,I:(eHHe BH,I:(a R (fly) "" exp (- !iy /2) Ha6nro,I:(aeTe.H y)Ke 

· npaKTH'IeeKH npH TaKHX 3HeprH.Hx /KaK 40 T3B/, r.l(e nnaTo 
B O.l(HO'II).eTH'IHOM eneKTpe no y e,I:(Ba llH eci>opMHpOBa
noeb 113 ~ · 

*IIOeKOllhKY ony6nHKOBaHHble ,I:(aHHble /eM. Ta6n; 1 H. 2/ 
He o6Hapy)KHBaJOT .HBHoii 3aBHeHMOeTH R(O,O) ·oT 3HeprHH 
B HHTepnane .. E na6~ = 4071500 F3B, Mhl npe.l(noqnH ·He 
epaBHHBaTh 3KeliepHMeHTanhHhle .l(aHHhle e MPM, KaK B pa-. 
6oTe /7c/,r.l(e a· pa3nO)KeHHH R(O,O) paeeMoTpeH qneH, 
3aBHeMII.\HH OT 3HeprHH. 
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PHe. 3. Paenpe,I:(eneHHH. no pa3HOeTH a3HMyTanhHhiX yrnon 
pa3llH'IHbiX nap 1T .,Me30HOB. . . . 

.. K 0 p pen .HI{ H H n C!. 0 hie T p 0 T e B I{ e" H T pan b H 0 ii 0 6-
na e TH · H o 6 pa 3 onaHH e Knae Te po B. Ilpe.l(eTa.n-
neHHe 0. pO)K.l(eHHH KnaeTepoB B l{eHTpallbHOH. o6naeTH / 2 / · 

oeHoBaHo Ha MKM /eM. pHe. 5/ H. Ha eTaTHeTH'IeeKoii 
6yTeTpanHoii MO.l(enH/<;.BM/ paena,I:(a KnaeTepoB /14/. . 

· MKM eno6o.l(Ha-.o~ Henoene.l(oBaTeJihHoeTeii /a/ H.:/6/ 
npH KOHe'IHhiX 3HeprH.HX. MKM 6hlna nnepnhle npHMeHeHa .l(n.H. 
onHeaHHJI' HHKlli03HBHhiX xoppen.HIUIH r. PaHci>T H if; PaHci>TOM / 2 /, . 

. a .TaKJice .l(pyrHMH. aBTOpaMH. / 15• 16• 17 a' -1 7 b /.. 0eH9BHOe 
· npe.l(nono>KeHHe MKM o po)K.l(eHHB qaeTHI{ n ue~TpallbHoii 
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o6nacTH qepe3 .o6pa3oBaHHe x~acTepoB, nanpHMep, pe3o
HaHCOB, KOTOpLie 6LinH HaH~eHbl B ManoqacTHqHbiX peaKUHHX, 
BLirn~HT BnOnHe. ecTeCTBeHHLIM. 

Tpy~Ho, o~Haxo, iipe~cKa3aTL onpe~eneHHLie .cBoiicTBa · 
KnacTepoB /KaK, HanpHMep, cneKTp Mace, MHO)I(eCT.BeHHOCTb 
H ~ .~./ c noMo~LIO KOHKpeTHOH MynLTHnepH!lJepHqecxoH: · 
CXeMLI, T.K. TaKOe onHCaHHe 6y~eT CHHbHO 3aBHCeT~_.OT 
KOHCTaHT CBH3H, BBe~eHHLIX B MO~enL. HaM npe~CTaBnHeTCH 
6onee Ha~e)I(HLIM ~pyroH: nyTL: liJeHoMeHonorHqecxH HaRTH 
CBOHCTBa KnacTeJlOB, HCXO~H H3 ~aHHLIX .no HHKni03HBHbiM 
peaKUHHM / 2, l~, lS/~ . . . . . '· . 

XapaxiepHCT'K~ pacna~a xnacTepoB /4JaH:ep6oimB/ onH
CbiBaiOTCH CBM 14 • .D;nH aHanH3a Tpe6yeTcH TonLKO o~o
qacTHqHLIH cnexTp no 6Lic~:rpoTe qacTHU copTa i, o6pa3oBaB
WHXCH B pe3yn:i.TaTe pacna~a b~oro4Jaiiep6ona c 6LicTpoToii 
.,., • TaxoH: cnexTp c yqeTOM HeToqH<lCTH coBpeMeHHLIX 3Kcne
pHMeHTanLHbiX ~aHHLIX MO)I(eT 6LITb annpOKCHMHpOBaH B BH- ' 
~e: 

dn(T/) 

.. dy. 
1 

'M 
~ 

2a 

IT/-y. ·1· 
exp (...; ··--.-. 1_· -) 

a - /9/ 

r~e M F- .Macca 4Jaiiep6ona, a"" 1,3 - napaMeTp, xapax~e
pH3YIOIUHH cpe~HIOIO KHHeTHqecKYJO 3HeprHIO qacTHULI npH 
H30TponHoM pacna,ne 4JaH:ep6ona, · g i -: napa~erp, onpe~e
nHIDIUHH · cpe~Himo MHo)KecTBeHHOCTL qacTHU copTa i · .. ,il;nH 
nHOHOB Mbl HCnOHL3yeM 3~a~eHH~ g TT "' ·. 2!25 T3B - 1 · H 
g 

71
+= g 17-= g 71 o = 0,75 T3B -I • .. · ·' . 
,lJ;ByxqacTHqHoe pacnpe~eneHHe !lJparMeHTOB o~oro 4JaH:

ep6ona B nepBOM npH6nH)I(eHHH 4JaKTOpH3yeTCH: 

d 2n (.,.,) g ·· (MF) 171-Y .1 
1_J -. - exp (- 1 

•2 . 
4a a 

1 . . 
171-Yj -)./10/ 

dy i dy j 

:*IlapaMeTpLI a, g. BLiqHcneHLI Ha ocHoBe o6~x npe~-
. 1 ' . . .. ' 

nono)l(eHHH CBM /2, 14, IS/. · · \..+~ 
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)J.ml H.I:(eHTHqHLIX qaCTH~ Mbl HMeeM: 

g ii . ( M F ) = g i M F ( g i .M . F ...: 1) ' 

,nnH HeH,neHTHqHLIX - . 
I 2 

. g ij (M F) = ~ i g i M F • 

Pacnpe.neneHHe $aiiep6onoB no 6LicTpoTe B o6nacTH 
nnaTo .He 3aBHCHT OT TJ H na.naeT c yBenuqeHHeM M F·: 

d
2

NF· . Bb
2 

. 
--'---=F(TJ,MF} =--. -(MF~M 0 )exp(-b(MF-M )),/ll/ 

dTJ d M F · <M F> o 

r.ne M F ~ M 0 "" 1 r3B B"" 1,3-

- HripMHpoBoqHLiii napaMeTp, Haii.neHHLIH H3 o.nHoqacTHqHLIX 
cneKTpoB, nonyqeHHLIX Ha ISR, cpe,nHJUI Macca $aiiep6ona 
<M r> "" Mo + 2/b~ llapaMeTp b onpe.nemleTCH H3 ,naHHLIX no 
,nByxqacTuqHLIM l<:oppen.ii~HHM; o~eHKa b ""1,572 F3B-

1
co

rnacyeTCH C pe3ynLTaTaMH, npHBO.I:(HMLIMH B pa3,nene 2 *. 
_EcnH O.I:(HoqaCTHqHLIH cneKTp no 6LICTpOTe HMeeT nnaTO 

B ~eHTpanLHOH o6naCTH, TO 

' 00 ',: . 00 

~ = f dTJ f dMF·F(TJ,MF) 
dyi -oo M 

dn(TJ) 

dy. 
g i B. /12/ 

I 

)J.ByxqacTHqHLie pacnpe.neneHHH HMeiOT ,nBa BKna.na: 

d
2

N 00 

dy. dy. 
I ] 

-oo 

dTJ f 
00 

f 
M .• 

I) 

d M • ·F ( TJ, M ) 
F . F 

2 
d n(TJ) 

+ 
dy i dy j 

* 3HaqeHHe napaMeTpa b 6blno onpe.neneHo no BenuqHHe 
R (0,0) .nnH rr -"--nap /eM. clJopMyriy /14//. · · 

~)4 

r 
00 ,00 

+ f dry1 f 
-oo -oo 

xF(7J
2

,M
2
). 

00 

dTJ ' f 2 . 
Mo 

00 

dM
1 

f·dM
2
·-·F(7J ,M .) x. 

1 1 
Mo 

dn (lj·~) 
. 1 

dn(7J·) 
. 2. 

dy. 
I 

dy. 
l 

/13/. 

llepBLIH 1meH onHCLIBaeT napbl qacT~, po)K.I:(aiOmHXCH npH 
pacna.ne o.nHoro H Toro )l(e $aiiep6ona, BTopoii qneH - · oT 
pa3HLIX. HH)I(HHH npe.nen HHTerpupoBaHHH Mij B nepBoM qnelle 
3aBHCHT oT THna ·paccMaTpHBaeMoii nap:w qacT~. MLI 
nonaraeM; q'fo napbl rr + rr -·H rr .± rr o MoryT o6pa3oBaTLCH oT 
pacna".na n106oro $aiiep6ona c · M > M

0 
•. llapbl rr + rr + H rr-:-rr -,. 

H3- 3_a COXpaHeHHH :)apH,na· H H30CnHHa pO)K.I:(aiOTCH COBMeCT
HO C TpeMH HnH qeTLipbMH ,npyrHMH qacT~aMH, Cne,noBa
TenLHO, B cpe,nHeM ,nnH ;+rr+-H TT-TT --nap HCTOqHHKOM cny
)l(aT cyll(ecTBeHHo 6onee TH)I(en:i.J:e KnacTepbl, .qeM .nnH nap 
rr+rr~ HnH TT ± rr 0

, B: Mbl nonaraeM M++ =M __ ;,2,5 F3B. B co-. 
{)TBeTCTBHH C 3THM H3 /ll/ cne,nyeT: qTo Be~OHTHOCTL 
HaRTH TT+TT+-fl TT -rr--napbl MeHLWe, qeM TT+ TT--H TT-r7° -napbl. 

linaro,napg $aKTOpH3a~HH BTOporo qneHa B /13/t noBe
,neHHe KOpperiH~HOHHOH tPYHK~HH /1/ onpe,nenHeTCH B oc
HOBHOM nepBLIM qneHOM H3 /13/: 

00 00 

1 )--
R(yi,yi·- g•igjB f d11 I 

-oo Mij 

· M r 
dM F(lJ F. dy. dyl. F . . I 

lr. ~r.l lr
1 
-y .I 

exp ( "- 1 J ) ( 1 + l ) 
a a 

/14/ _,:__ _ _;..... _____ J .. (h) 
1] . 

J .. (h) 
1 J 

Bg,i gj <M?4a 

00 

J 
M ij 

<MF> . " 
dM. . F ( 1J' M) g. M ( g~· M- p. I 

B ·. ·. 1 . 1 ... 
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-· 
~YHKnua /14/ HMeeT TunuqHoe noBe~eHue-Koppenanuii 

6nu:>KHero nopa~Ka, qTo · cne~yeT H3 pacna~HbiX CBOHCTB . 
KnacTepoB. . 

TaKHM o6pa3oM, 6nH:>KHHe Koppenanuu B03HHKruoT He 
TOn:bKO npH aCHMnTOTHqeCKHX 3Hepruax, OHH conyTCTByroT 
ycTaHoBneHHID npon;ecca o6pa3oBaHHa KnacTepoB, qTo npo
uc~o~HT, KaK Mbl 3HaeM, npu 3Hepruax ·3Haqu~en~.Ho HH:>Ke 
acuMnToTuqecKoro. pe~:>Ke- npe~ena. 

Cpe~HHe 3HaqeHHa <MF>,;,M0+i- ~na KnacTepoB, pacna
~aiDII\HXCa Ha 4+5 qaCTHD;, ~OCTaTO~HO Manbi, TaK qTO 
MHOrHe .. J<:naCTepbl, B03MO:>KHO, .· eCTb pe30HaHCbl, H3BecT-
Hbl·e no Ta6nun;aM Po3eH$enL~a. . 

.· B ~o6aBneHue· K /14/ R(yi·· y y) HMeeTBKna~ ~anLHr-
. ~eHCTBYIOII\ero xapaKTepa OT ~H$paKD;HOHHOH KOMnOHeHTbl 19 / 

H OT cynepn03HD;HH ~H$paKn;HOHHOH H 6nH:>KHeH KOMnOHeHT . 
B ~ByXKOMnOHeHTHOH MO~enH. /20/.B pe3yllbTal'e TaKOH .. 
cynepno3HD;HH R(yi ,yi) B n;eHTpan~.uoii o6nacTH (yi "'Yj .. o), 
noHaUIHM on;eHKaM, yBenuquBaeTca Ha"' 0,2. .· .. . -:-

B Ta6n. 4 · npuBo~aTca qucneHHbie 3HaqeHHa R -$yHK
n;uu, · cne~yiDII\He' H3. /14/, c yqeTOM Hanuqug ~anLHo~eiicT
BYIDII\eH KOMnoHeHTbi. PaciieTbi xopomo cornacyroTca .c ~aH
HbiMH NAL u ISR. /Ta6.ri.-1/ u pe3ynLTaTaMH, nonyqeHHbiMH. 
npu 40 T3B/c /Ta6n. 2/. 
Koppenan;uu nonepeqHbiX ~MnynLcoB_H.MynL
TH'nepu'$e-puqecKaa. KnacTepliaa .Mo~enb~ Pac
npe'~eneHHe no yrny cp :Me:>K~Y nonepe_qHbiMH HMnynLcaMH 
napbl BTOpHqHbiX qacTHD; 06@qH0 XapaKTepu3yroT K03$$H
n;HeHTOM ·acuMMeTpHH A/2/ unu napaMeTpoM B: 

dN 
"' l + B cos¢· /15/ 

dcp . v 

B pa6oTax 1211 paccMaTpHBanucL pacnpe~eneHHa no cp ~na 
npoH3BOllbHbiX nap 3apa:>KeHHbiX qacTun;. B. 3KcnepuMeHTax 
Ha ISR ·u3yqanacb 3aBHCHMOCTb A OT pa3HOCTH 6blcTpoT 
~na 3~_pa:>KeHHbiX qacTun; . /3/ u .D.na ·nap 3apa,D.--. y -
KBaHT /4/. B pa3~ene 2 /cM.Ta6n. 3, puc. 3/6hlnurip.uBe~eHbl 
pacnpe~eneHua no cp ~na rr + rr--, rr::- ,rr - -u ~ + rr + -nap B 
rr- p -B_3aHMO~eHCTBHax npu P = 40 T3B/c !. Heo:>KH,naH
HOH 'u TPY~Ho HHTepnpeTupyeMoii qepToii pa6oT Ha ISR /3, 4 I 
aBnaeTca cne~YIDII\as:: He o6Hapy:>Keiia 3a:Bacu-MocTb 'riapa-: 
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MeTpa aCHMMeTpHH OT pa3HOCTH 6biCTpOT 'iaCTHn, TOr,na :Ka:K 
Te )Ke 3:KCnepHMeHTLI 06HapJ)KHBaiOT CHJILHble 6JIH)KHHe 
:KOppenJillHH no npO,i:J.OJILHOH 6biCTpOTe. 3TOT clJa:KT npOTHBO
pe'IHT. npe,ncKa3aHHaM H3BeCTHbiX MO,neneii C 6JIH)KHHMB 
KoppenanuaMH, TaKHX .KaK MPM:B MKM. TonLKo Mo,nenu 
Tuna Mo,nenu ueKopp~nupoaaHH?JX ci'pyii npe,ncKa3biBaiOT 
KOppeJiaUHH nonepe'IHLIX HMriyJILCOB, CXO,i:J.Hble C Ha6JIIO,neH
HbiMH ua ISR /3,4/, uo 3TH Mo,neJIH He cnoco6Hbl o6'LaCHHTL 
6JIH)KHHe KOppenaUHH no 6biCTPOTe. . 

HaM Ka)Ktnca, 'ITO, B03MO)KHO, pauo .nenaTL BbiBO)J.bl 
H3 pe3yJILTaToB pa6oT, BblnonueHHbiX Ha ISR, KoTopble 
Haxo,naTCa B nP.OTBBOpe'IHH C ,naHHbiMB, nony'leHHbiMH npH 
102 T3B/c /Sb~ Tpe6yeTca 6onee .neiaJILuoe H3y'leuue 3a
BHCBMOCTH a3BMyTanLHbiX KOppenaUHH OT 6biCTpOTbi, oco-
6eHHO )J.JijJ Ma.iJLIX pa3HOC,TeH 6biCTPOT. 0'1eBH,i:J.HO, 'ITO TaK 
)Ke, Ka:K H no 6biCTpOTe, no a3H,¥YTY ,i:J.OJI)l(Hbl CYJUeCTBOBa"I:L 
,naJILBBe Koppenauuu, OHB H 6bi[IB uai,neHbi ua ISR. 

KuueMaTH'IeCKHe Koppenariuu no a3BMyTaJILHOMY yrny, 
o6ycnoarieuuble pacna,noM t!Jaiep6onoa, 6blnH npoauanu3:H
poaaubl · JleMKe u PauclJToM 1 22~Hai,neuo, 'ITO acHMMeTpua 
TaKoro npoucxo)K)J.euua o6paTHO nponopnuouaJILua Macce 
clJaaep6oJia, BJIB, 'ITO TO )Ke, 'IHCJIY ero clJparMeHTOB: 

A 
l l 
MF "" ~. 

/16/ 

· Cxo,nHbiH pe3yJILTaT no7yqp.eTca npu y'leTe . .nuuaMHKH pac
na,nuoi nenu c1Jaiep6ona 231. 

Mbi no:Ka ue paccMaTpuaaeM .nanl.uue KQppenaUHH Me)K)J.y 
npo,nyKTaMH pacna.na pa3JIH'IHbiX c1Jaiiep6onoa. H3 uawero 
auanu3a Koppenanui no 6LicTpoTe .ciie,nyeT, 'ITO "+ rr- -
naphl pci)K)J.aiOTca B pe3yJILTaTe pacna.naclJdep6onoB co cpe.n
uei Maccoi<M+->""Mo+-f::=2,anaphlrr+rr+-urr -"-
c1Jaaep60JIOB C MaCCOH 

<M >,.. < M >"" M+ +_f. ~ 3, 5. ++ . -- - . D . • 

Mw O)KH)J.aeM, cne,noaaTenLuo, 'ITO acuMMeTpua .nna rr+rr+-u 
rr -" --n.ap npuMepuo B ,naapa3a, MeHLWe, 'leM .IVIa rr + rr--
nap: 

- <M +- > . l 
·A + +,.. ·A - - = A + - ... - A + -·· TTTT TTTT TTTT 2 1T 1T 

.<M++ > 

/17/ 

18 .. 

IIpuBO.D.HMLie ,nauuble npH 40- T3B/c /Ta6n. · 3/ B nepaoM 
npH6JIH)KeHHH cornacyroTca c /17 h 

4. 3aKAIO'IeHue 

Ue:H:TpanLHble 3Ha'leHHa ,nayxqacTH'IHoii KoppenanuouHoii 
ciJYHI<nHH .R ( 0,0) npH P = 40 r3B/c uaxo,naTca B xopoweM 
cornacuu c .nauHbiMH NAL u ISR. · 

Ha6JIIO,neuuble KoppenaUHH no 6blcTpoTe .nocTaTo-.iuo 
-XOpOWO onHCbiBaiOTCa /Ka'leCTBeHHO H KOJIH'IeCTBeHHO/ C 
noMOIULIO_ MPM u MKM. 3TH Mo,nen:H .naroT pa3JIH'1Hble npe.n.;. 
CKa3aHHa OTHOCHTeJILHO 6JIH)KHHX :KOppeJiaUHH )J.JijJ 1T + rr+ -
u rr -" - -nap: B MPM -3TH Koppenanuu o:rcyTCTBYIOT, a B 
MKM ouu cna6ee, 'leM .nna ·" +rr- -nap, uo ue.paBHbi"'HyJIIO. 
3KcnepHMeHTaJILHble OIIIH6KH no:Ka CJIHWKOM BeJIHKH, 'IT06bl 
c,neJiaTL OKOH'IaTeJILHLJii BhlBO)J., HO' npu · p = 40 T3B._ 
KOMnoHeHTa 6nu)l(Hero Tuna B . rr+ rr +...: u rr -" - -Kopp_enanHax, 
no-B,B.D.HMOMY, , npucyTcTayeT. KpoMe Toro, npuMeHeHHe. 
MKM npH HH3Kux/40 T3B/ 3Hepruax/a OTnuque oT_ MPM/ 
anonue nocne,noBaTeJILHO, no3TOMY auaJ1H3 3.KcnepuMeH-

. TaJILHbiX ,nauuLix no 3Toii Mo,nenu npe,nc'raanaeTca 6onee 
y6e,nuTeJILHbiM. MKM KaqecTBeHHO xopowo co'rnacyeTca 
c ,naHHbiMH no a3HMYTaJILHbiM KOpperianHa:M. O,nuaKO Tpe-
6yeTca ,neTaJILHOe 3KcnepuMeHTanLuoe uccne.noaauue 3aBH
CHMOCTH . a3HMYTaJILHbiX KOppenaUHH OT pa3HOCTH 6LICTpOT 
.D.BYX 'laCTHU. · 
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t 

l 
\ 

' 

j 
l 
1 

c; 

' -

I 

1. Bee_oeHue 

~ns onncaHns ~ayxqacTnqHMX Koppensnnu.anocne~Hee 
apeM.II 6Mna npnMeHeHa Mo.ti,em. Mronnepa- Pe~:>Ke /MPM/ /1 I, 
a TaK:>Ke ·MynLTnnepn4Jepnqeci<as KnacTepHas Mo~em. /MKM/ 
n ~ndJpaKunoHHas KnacTepHa.ll Mo~em. /JJ.KM/ /2/. · ·. 

B paMKax 3THX :M:o~eneu .6y~yT paccMoTpeHM :~aHHMe 
no KoppensUH.IIM npn P · = 40 T:JB/c ~ns rr +" +<;,-rr +- n 
TT -TT- -n.ap MC30HOB. ,B Tep~HHaX npo~onLHMX _ 6MCTpOT / 
H a3HMyTanLHMX yrnOB. ~ 

He~asHo 6MnH ony6nnKoaaHM ~aHHMe no ~ayxqacTn<iHMM 
KoppensunsM a PP- HHKni03HBHMX peaKUnsx npn 3Heprnsx 
NALn ISH. IJMno Haii~eHo, qTo· KoppensnnoHHas 4JyHKUHB, 

. . ... 1 

onpe~eneHHas B an~e 

2 , 
d a da da 

H(y1 ,y2) a. ./--·-·---1 
m·dy dy · dy ·dy 

1 2 1 2 

/1/ 

~ns KOM6HHaD;HH THna 3apB)I(CHHaB - 3ap.ll)l(eH·HaB / 3/ H 3a
ps>KeHHaB - _HeHTpanLHaB / 4/, 06HapY:>KHBaeT B OCHOBHOM 
6nH)I(HHe Koppensn:nn_ c xapaKTepHoii )lnnnoii A = 1 + 2. · 

· B Ta6n. 1 ,2 npnae~eHM neKoTopMe ony6nnKoBaHHMe 
3HaqeHHB ·41YHKU~H H(y ,·y· 2 ) npn ~~=y 

2
=0 /3, 4,_~1. 3Ta 

BennqnHa C yqeTOM oum6oK H3MepeHHH He 3aBHCHT OT 3Hep
rHH CTOnKHOBCHHB • 

. ~aHHMe no a3HMyTanLHMM KOppenBD;HBM.B pp -CTOnKHo-
BCHHBX, nonyqeHHMe Ha ISH /3,4~ ca~eTenLCTBYJOT o6 . . 

OTCYTCTBHH CHnLHMX 6nH)I(HHX KOppenBUHH B · npe~enax 
OWH60K H3MepeHHH. 

B pa3~ene· 2 npnao~sTcs· 3KcnepnMeHTam.Hwe _pe3ym.
TaTLI npn' p = 40 F_:JB/c. Mo~enn o6c~aiOTCB: B pa3-
~ene 3. B qeTaepToM pa3~ene npoao~TC.II cpaaHeHne ~aHHMX 
no rrN ~c.oy~apeHHBM npn P = 40 T:JB/c c pe3ynbTaTaMH 
NAL H ISH H ~enaeTcB ps~ BLIBO~oa. 

3 
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T~ I. SitcnepDemam,BHe SHa"'emm xoppe.nSitJfoHHol ipyHKitM a 
' ' ' ' ,., . . . 

k t 'i . \f. ) npx \f.~ '1 = ·~' · B pp-Bsam.o.ttelcnJiri: no ASH1JJDf J.) J'- . . ' . ·. ~ . 

AN~.·· 15 R.. 

R(O,O)npH .. R(O,O) npH 
TBII naps· 102 r3B/c. /58./ · · 205 r3B/c /56/ 

. K(O,O) npH Vs:. 
23 + 63 r3B/c /3,4/ 

-···t ··~ Jt'"' I. TC 
. -t· 

o ·s~o ·asxl · 
f . - .• •, 0, 5Q:O, 05 0, 65,±0;.05 

·TL_- 'f 
-t __ , 

; l I L 
..,.._:.; ·-, t 
It. /. 

:0,7 ±0,08 
. 0,5 +0,08. -7[- I L - . 0,4 j:O,OS 

( 0, 55_t0, 14) _.( 0, 68;±,0, I) 
' . 

0,67+0,06 -0,25j;0,06 . ' 
0,38+0,06 

' ·-
'' ·.,. 

TacSJum.a 2., .31tcnepoeB'ra.JIDHHe SH8.'18HJUI ItOppeJIHTtJIOHHOI tl'BlU\U . c 

. . ' R t J i )~·~) np~:'.-~1 = ~~.; 0 B IrP -BSSBMO.B;eiCTBBRX ~~~ Ito raB 

Tm naps !., ~ (0,0) 
' ' ' 

\'' 
0,6_ 5 +. 0,07 -. ' -+ -f { ,.r- rr -. : 0,26±.0,10 

·.; .... '. 

·'' I 

.. .. Ta6JJ:JUta. 3. KoaiJPJillll'eH'fH _ac..eTPu · pacnpe.tte.ue~.no pasBoc'tx. ~·-
. ... ·,.. MY'faJII.HHX. )TJIOB.:B Irp-Bsa&o.neiCTBBSX· npx' P=4o r3B/c 

Cll, 

;[t'f: '. 
- + . .f ;{·-[[-

I 

,,, ' ' 

0,062 + 0,006 
_,; -- ',;. ~ ·,, 

., ·. 
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2. 3KcnepUMeH111ClAbHbre OQHHl~~e. no. KOppeAJiijUJIM 
e 17- p- e3auMooeiicmeuJIX. npu P .= 40 T3B/c 

IIpHBe,AeHHble pe3ynLTaTbl '6blnH nony'leHLI Ha MaTepHane 
17-P.-B3aHMO,AeHCTBHH npH P = 40 f3B/c,. Ha6mo,AeHHLIX 
B 2-14eTpOBOH nponaHOBOH Ka¥epe / 6 

• . . 
Koppemm,HoHHble lilYHKUHH BH.Aa /1/ ,AHJI17 +17 -:-_, 17-17--H 

17 + 17 + -K.OM6HHaUHH npe,ACTaBneHbl Ha pHC. 1a,6,c COOTBeT
CTBeHHO. lf3 pHCYHKOB BH,AHO, 'ITO ,AHJI BCeX KOM6HHaiJ;HH 
R -clJyHKUHJI HMeeT nonmKHTenLHble 3Ha'leHHJI B neHTpanLHOH 
o6nacTH .. (y

1 
"'·Y 2 "' O).B Ta6n. 2 ,AaHLI 3Ha'leHHJI R(O,O),AnJI 

Q5<Yz<05 

yl 

H 

c/ 

~ 

~ 
PHc. 1, 3KcnepB:MeHTanLHLie 3Ha'le.HHJI · KoppenJIUHOHHOH 
$yHKUHH R ( y , y ) .AHJI peaKUHH 17- p-+ 171 +17 2 + • •• npH 
P = 40 F3B/c: a/ ,AnJI 17+17 --nap; 6/ .AHJI 17- 17- -nap; 
a/ ,AnJI 17+17 +. -nap. . · · . 

7 



\' 

" 
·.•' 

•· 

• 

.-17..:..17--,17+11'--H 11+11+-_nap. ¢,yHK~H11 .. R(y1 ,y2 ) .IJ;ll11 17+17-

nap noKa3aHa Ha pHc; 2 B nonynorapHdJMH'Ieci<oM MacwTa6e 
· c ~enLIO onpe~eneHHH KoppenH~oimoii: MHHbi. CnnoWHaH 
.nHHH11 H306pa:>KaeT dJYH~HIO BH,IJ;a exp (-~y/2) • __ . 

. 3Ha'leHH11 K034JdJH~HeHTa aCHMMeTpHH pacnpe,IJ;eneHH11 no 
yrnaM ( ¢) Me:>K.IJ;y nonepe'IHbiMH HMnynLca:MH, onpe,IJ;eneHHoro 
no dJop_Myne: 

1712 
· 

i ~a¢- r 
A 17/2 d¢ . 0 

17~ d¢ 
Jo. d¢ 

da d¢ 
·d¢ 

-

/2/ 

+ - + + ,nn11 17 17 - H ,I:{ll11 17 17 -H 17 17 -nap, B311TbiX BMeCTe, 
npHBe.IJ;eHhl B Ta6n. 3. 

--I 
~. 
~ 

' ~.5 
\& 

.2 

I • 
. .1 

.05 

3C·+p-- ~+ + 1r- .. ... 

• ·f" v.<-.5 
• -.5 <IJ,< -a 

~ 

'Cl .!'< y, ~- ~ 
"0<!:1,<.5 

2 
AV • Ya·Yc 

·. 
PHc. 2. 3KcnepHMeHTanLHble 3Ha'leHH11 R -dJyH~HH H pe-
3~nLTaT HX dJHTHpOBaHH11: cnnOWHble np11Mble - tPYH~H11 

' I~YI 
0,65 exp(- -

2
-) 

8 
".-·<·" 

.1. . 

,.. 

t\ -

r 
3. MooeAU poxoeHUJI '-laC mUll u oeyx'-laCmU'-IHble KoppeAJiijUU 

B nocne.nHee Bpe,M11 p11.IJ;OM aBTOp_OB /7-':- 9 I 6wila np~MeHe
Ha MPM .IJ;nH oriHcaHHH .IJ;:ByxqacTH>iHwx KoppenH~Hii:. · 

Mronnep- pe.IJ;:>Ke - )J,HarpaMMa po:>K.IJ;eHH11 .IJ;BYX nHOHOB 
B ~eHTpanLHOH o6naCTH, noKa3aHHa11 Ha pHC. 4: ,IJ;aeT .IJ;ll11 
dJyHK~HH /1/ B nepBOM npH6nioKeHHH cne.IJ;yiOU\ee Bblpa:>KeHHe: 

IY
0 

-yd I Dc 
R(y ,yd)=exp(- ) I ( pk )r ( 

c 2 k=p,f DC k 

d .· 

Df.k ) , /3/ 
Dd 

i'i' i'i' 
c 

r.IJ;e rk - cHrHaTypa TpaeKTOpHH ·K, Dik- KOHCTaHTaCB113H 
,IJ;ll11 BepWHHbl Me:>K.IJ;y 'laCT~eii: c. H TpaeKTOpH11MH j H k . 

· B pa6oTe /7a/ npoaHanH3HPOBaHbl .naHHble no o,nHo'lac
TH'IHLIM pacnpe,neneHHfg~ B ~eHTpanLHOH o6naCTH H C no

MOU\LIO 4Jep6en-nnoTa 
9 

· 
1 

da 
dY ly=O 

= A+ Bs 4 /4/ 

,nn11 KOHCTaHT CB113H nony'leHbl cne.IJ;yiOU\He 3Ha':leHH11: 

17 
D = 0,84; 

i'i' 
/5/ 

17-:. 17-
. D =-D = 0,4. 

.pp pf 

,D;n11 _ pa3nH'IHbiX KoM6HHa~Hii nHoHOB. HMe~M H3 · /3/: 

R + + = exp (-17_17_ 

' "f 

I I [ ( 
17- 2 .· 17- 2 

Y + -y + - D ) - (D ·_ ) ] 
- - ) i' f - i'P 

2 -· 17- ; 
(D ) 2 

i'i' 

[(D 17~£ )2 + (D 17 ) 2] 
i' - PP-

( D 17-) 
R + ·_ IY+ - y I 

17-17 =t= exp-(--- =F . - ) 
i'i' 

·9 



t 

l_., 

~-

• 

R· 0 . I 
1T ± 

17
o =exp (- -- ) 

Menonh3Y~ /5/, nonyqaeM: 

lr+-y-
R 

17
+

17
-= 0,45·exp (-

2 

H 

+ 

1T 2 
(D ) 

pf 

( 
TT- 2 

D.··. ) 
pp 

) 

. R + - : R ;;- . o : R ± ±= 2: l ·: 0 • 
1T 1T 1T 1T . 1T 1T 

\ 

/6/ 

/7/ 

/8/ 

(::OOTHOilleHHe /8/ llHillh B npe.l(enax TpexKpaTHOH OlllH6KH He 
npoTHBope'IHT .l(aHHhiM, · npHBe.l(eHHhiM B 1-a6n. 1 H 2 *. 

B eB.HlH e 3THM ene.l(yeT OTMeTHTb HeKOTOp)'IO He-
noene,I:(OBaTenbHOeTb npHMeHeHH.H MPM K aHanH3Y 3KenepH
MeHTanhHhiX ,I:(aHHhiX ... 

. /a/ 3KenepJiMeHTallbHhie ,I:(aHHbie , HenOllb30BaHHble DpH 
noeTpOeHHH ci>ep6eJI-nnoTa / 9 ~ B OeHOBHOM nony'leHbl npH 
3HeprH.HX HH>Ke. 20-;-30 T3B, npll K<hophlx onHeaHHe Mron-· 
nepa- Pe.l(>Ke He nnonHe KoppeKTHO. ,lJ;aHHhie, aHanH3HponaH
Hhle <I>ep_6enoM /9 ~ Maiiep H _CTpyqHHeKH/10/~ yenexo:r.t ~n
npoKeHMHponami ci>yH'K~Heii BH.l(a A+ B s-1 14• qaH H .l(p. II~ 
a TaK>Ke KaHeeKH /I 2a/ H JinyTB:e'p /I2h~ paMKax M:ynhTHpe.l(
>KHOHHOB MO.l(enH 06b.HCH.HIOT- poeT HHKni03HBHbiX ee'leHHH 
a6eop6THBHbiMH HllH 'noporOBbiMH 3ci>ci>eKTaMH: 

. · /6/ B MPM 6nH>KHHe Koppen.HUHH .l(On>KHhi"Ha6mo.l(aThe.H 
B o6naeTH ·nnaTo. Ilo3TOMY npe.l(eTaBn.HeTe.H HeO>KH.l(aHHhiM, 
'ITO •noBe,I:(eHHe BH,I:(a R (fly) "" exp (- !iy /2) Ha6nro,I:(aeTe.H y)Ke 

· npaKTH'IeeKH npH TaKHX 3HeprH.Hx /KaK 40 T3B/, r.l(e nnaTo 
B O.l(HO'II).eTH'IHOM eneKTpe no y e,I:(Ba llH eci>opMHpOBa
noeb 113 ~ · 

*IIOeKOllhKY ony6nHKOBaHHble ,I:(aHHble /eM. Ta6n; 1 H. 2/ 
He o6Hapy)KHBaJOT .HBHoii 3aBHeHMOeTH R(O,O) ·oT 3HeprHH 
B HHTepnane .. E na6~ = 4071500 F3B, Mhl npe.l(noqnH ·He 
epaBHHBaTh 3KeliepHMeHTanhHhle .l(aHHhle e MPM, KaK B pa-. 
6oTe /7c/,r.l(e a· pa3nO)KeHHH R(O,O) paeeMoTpeH qneH, 
3aBHeMII.\HH OT 3HeprHH. 
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PHe. 3. Paenpe,I:(eneHHH. no pa3HOeTH a3HMyTanhHhiX yrnon 
pa3llH'IHbiX nap 1T .,Me30HOB. . . . 

.. K 0 p pen .HI{ H H n C!. 0 hie T p 0 T e B I{ e" H T pan b H 0 ii 0 6-
na e TH · H o 6 pa 3 onaHH e Knae Te po B. Ilpe.l(eTa.n-
neHHe 0. pO)K.l(eHHH KnaeTepoB B l{eHTpallbHOH. o6naeTH / 2 / · 

oeHoBaHo Ha MKM /eM. pHe. 5/ H. Ha eTaTHeTH'IeeKoii 
6yTeTpanHoii MO.l(enH/<;.BM/ paena,I:(a KnaeTepoB /14/. . 

· MKM eno6o.l(Ha-.o~ Henoene.l(oBaTeJihHoeTeii /a/ H.:/6/ 
npH KOHe'IHhiX 3HeprH.HX. MKM 6hlna nnepnhle npHMeHeHa .l(n.H. 
onHeaHHJI' HHKlli03HBHhiX xoppen.HIUIH r. PaHci>T H if; PaHci>TOM / 2 /, . 

. a .TaKJice .l(pyrHMH. aBTOpaMH. / 15• 16• 17 a' -1 7 b /.. 0eH9BHOe 
· npe.l(nono>KeHHe MKM o po)K.l(eHHB qaeTHI{ n ue~TpallbHoii 
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:r = c:;l, 
Q) 

~ 
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~ ·o 
(J\0 = l=l.· P-4(1) 
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o6nacTH qepe3 .o6pa3oBaHHe x~acTepoB, nanpHMep, pe3o
HaHCOB, KOTOpLie 6LinH HaH~eHbl B ManoqacTHqHbiX peaKUHHX, 
BLirn~HT BnOnHe. ecTeCTBeHHLIM. 

Tpy~Ho, o~Haxo, iipe~cKa3aTL onpe~eneHHLie .cBoiicTBa · 
KnacTepoB /KaK, HanpHMep, cneKTp Mace, MHO)I(eCT.BeHHOCTb 
H ~ .~./ c noMo~LIO KOHKpeTHOH MynLTHnepH!lJepHqecxoH: · 
CXeMLI, T.K. TaKOe onHCaHHe 6y~eT CHHbHO 3aBHCeT~_.OT 
KOHCTaHT CBH3H, BBe~eHHLIX B MO~enL. HaM npe~CTaBnHeTCH 
6onee Ha~e)I(HLIM ~pyroH: nyTL: liJeHoMeHonorHqecxH HaRTH 
CBOHCTBa KnacTeJlOB, HCXO~H H3 ~aHHLIX .no HHKni03HBHbiM 
peaKUHHM / 2, l~, lS/~ . . . . . '· . 

XapaxiepHCT'K~ pacna~a xnacTepoB /4JaH:ep6oimB/ onH
CbiBaiOTCH CBM 14 • .D;nH aHanH3a Tpe6yeTcH TonLKO o~o
qacTHqHLIH cnexTp no 6Lic~:rpoTe qacTHU copTa i, o6pa3oBaB
WHXCH B pe3yn:i.TaTe pacna~a b~oro4Jaiiep6ona c 6LicTpoToii 
.,., • TaxoH: cnexTp c yqeTOM HeToqH<lCTH coBpeMeHHLIX 3Kcne
pHMeHTanLHbiX ~aHHLIX MO)I(eT 6LITb annpOKCHMHpOBaH B BH- ' 
~e: 

dn(T/) 

.. dy. 
1 

'M 
~ 

2a 

IT/-y. ·1· 
exp (...; ··--.-. 1_· -) 

a - /9/ 

r~e M F- .Macca 4Jaiiep6ona, a"" 1,3 - napaMeTp, xapax~e
pH3YIOIUHH cpe~HIOIO KHHeTHqecKYJO 3HeprHIO qacTHULI npH 
H30TponHoM pacna,ne 4JaH:ep6ona, · g i -: napa~erp, onpe~e
nHIDIUHH · cpe~Himo MHo)KecTBeHHOCTL qacTHU copTa i · .. ,il;nH 
nHOHOB Mbl HCnOHL3yeM 3~a~eHH~ g TT "' ·. 2!25 T3B - 1 · H 
g 

71
+= g 17-= g 71 o = 0,75 T3B -I • .. · ·' . 
,lJ;ByxqacTHqHoe pacnpe~eneHHe !lJparMeHTOB o~oro 4JaH:

ep6ona B nepBOM npH6nH)I(eHHH 4JaKTOpH3yeTCH: 

d 2n (.,.,) g ·· (MF) 171-Y .1 
1_J -. - exp (- 1 

•2 . 
4a a 

1 . . 
171-Yj -)./10/ 

dy i dy j 

:*IlapaMeTpLI a, g. BLiqHcneHLI Ha ocHoBe o6~x npe~-
. 1 ' . . .. ' 

nono)l(eHHH CBM /2, 14, IS/. · · \..+~ 
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• 

)J.ml H.I:(eHTHqHLIX qaCTH~ Mbl HMeeM: 

g ii . ( M F ) = g i M F ( g i .M . F ...: 1) ' 

,nnH HeH,neHTHqHLIX - . 
I 2 

. g ij (M F) = ~ i g i M F • 

Pacnpe.neneHHe $aiiep6onoB no 6LicTpoTe B o6nacTH 
nnaTo .He 3aBHCHT OT TJ H na.naeT c yBenuqeHHeM M F·: 

d
2

NF· . Bb
2 

. 
--'---=F(TJ,MF} =--. -(MF~M 0 )exp(-b(MF-M )),/ll/ 

dTJ d M F · <M F> o 

r.ne M F ~ M 0 "" 1 r3B B"" 1,3-

- HripMHpoBoqHLiii napaMeTp, Haii.neHHLIH H3 o.nHoqacTHqHLIX 
cneKTpoB, nonyqeHHLIX Ha ISR, cpe,nHJUI Macca $aiiep6ona 
<M r> "" Mo + 2/b~ llapaMeTp b onpe.nemleTCH H3 ,naHHLIX no 
,nByxqacTuqHLIM l<:oppen.ii~HHM; o~eHKa b ""1,572 F3B-

1
co

rnacyeTCH C pe3ynLTaTaMH, npHBO.I:(HMLIMH B pa3,nene 2 *. 
_EcnH O.I:(HoqaCTHqHLIH cneKTp no 6LICTpOTe HMeeT nnaTO 

B ~eHTpanLHOH o6naCTH, TO 

' 00 ',: . 00 

~ = f dTJ f dMF·F(TJ,MF) 
dyi -oo M 

dn(TJ) 

dy. 
g i B. /12/ 

I 

)J.ByxqacTHqHLie pacnpe.neneHHH HMeiOT ,nBa BKna.na: 

d
2

N 00 

dy. dy. 
I ] 

-oo 

dTJ f 
00 

f 
M .• 

I) 

d M • ·F ( TJ, M ) 
F . F 

2 
d n(TJ) 

+ 
dy i dy j 

* 3HaqeHHe napaMeTpa b 6blno onpe.neneHo no BenuqHHe 
R (0,0) .nnH rr -"--nap /eM. clJopMyriy /14//. · · 

~)4 

r 
00 ,00 

+ f dry1 f 
-oo -oo 

xF(7J
2

,M
2
). 

00 

dTJ ' f 2 . 
Mo 

00 

dM
1 

f·dM
2
·-·F(7J ,M .) x. 

1 1 
Mo 

dn (lj·~) 
. 1 

dn(7J·) 
. 2. 

dy. 
I 

dy. 
l 

/13/. 

llepBLIH 1meH onHCLIBaeT napbl qacT~, po)K.I:(aiOmHXCH npH 
pacna.ne o.nHoro H Toro )l(e $aiiep6ona, BTopoii qneH - · oT 
pa3HLIX. HH)I(HHH npe.nen HHTerpupoBaHHH Mij B nepBoM qnelle 
3aBHCHT oT THna ·paccMaTpHBaeMoii nap:w qacT~. MLI 
nonaraeM; q'fo napbl rr + rr -·H rr .± rr o MoryT o6pa3oBaTLCH oT 
pacna".na n106oro $aiiep6ona c · M > M

0 
•. llapbl rr + rr + H rr-:-rr -,. 

H3- 3_a COXpaHeHHH :)apH,na· H H30CnHHa pO)K.I:(aiOTCH COBMeCT
HO C TpeMH HnH qeTLipbMH ,npyrHMH qacT~aMH, Cne,noBa
TenLHO, B cpe,nHeM ,nnH ;+rr+-H TT-TT --nap HCTOqHHKOM cny
)l(aT cyll(ecTBeHHo 6onee TH)I(en:i.J:e KnacTepbl, .qeM .nnH nap 
rr+rr~ HnH TT ± rr 0

, B: Mbl nonaraeM M++ =M __ ;,2,5 F3B. B co-. 
{)TBeTCTBHH C 3THM H3 /ll/ cne,nyeT: qTo Be~OHTHOCTL 
HaRTH TT+TT+-fl TT -rr--napbl MeHLWe, qeM TT+ TT--H TT-r7° -napbl. 

linaro,napg $aKTOpH3a~HH BTOporo qneHa B /13/t noBe
,neHHe KOpperiH~HOHHOH tPYHK~HH /1/ onpe,nenHeTCH B oc
HOBHOM nepBLIM qneHOM H3 /13/: 

00 00 

1 )--
R(yi,yi·- g•igjB f d11 I 

-oo Mij 

· M r 
dM F(lJ F. dy. dyl. F . . I 

lr. ~r.l lr
1 
-y .I 

exp ( "- 1 J ) ( 1 + l ) 
a a 

/14/ _,:__ _ _;..... _____ J .. (h) 
1] . 

J .. (h) 
1 J 

Bg,i gj <M?4a 

00 

J 
M ij 

<MF> . " 
dM. . F ( 1J' M) g. M ( g~· M- p. I 

B ·. ·. 1 . 1 ... 
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-· 
~YHKnua /14/ HMeeT TunuqHoe noBe~eHue-Koppenanuii 

6nu:>KHero nopa~Ka, qTo · cne~yeT H3 pacna~HbiX CBOHCTB . 
KnacTepoB. . 

TaKHM o6pa3oM, 6nH:>KHHe Koppenanuu B03HHKruoT He 
TOn:bKO npH aCHMnTOTHqeCKHX 3Hepruax, OHH conyTCTByroT 
ycTaHoBneHHID npon;ecca o6pa3oBaHHa KnacTepoB, qTo npo
uc~o~HT, KaK Mbl 3HaeM, npu 3Hepruax ·3Haqu~en~.Ho HH:>Ke 
acuMnToTuqecKoro. pe~:>Ke- npe~ena. 

Cpe~HHe 3HaqeHHa <MF>,;,M0+i- ~na KnacTepoB, pacna
~aiDII\HXCa Ha 4+5 qaCTHD;, ~OCTaTO~HO Manbi, TaK qTO 
MHOrHe .. J<:naCTepbl, B03MO:>KHO, .· eCTb pe30HaHCbl, H3BecT-
Hbl·e no Ta6nun;aM Po3eH$enL~a. . 

.· B ~o6aBneHue· K /14/ R(yi·· y y) HMeeTBKna~ ~anLHr-
. ~eHCTBYIOII\ero xapaKTepa OT ~H$paKD;HOHHOH KOMnOHeHTbl 19 / 

H OT cynepn03HD;HH ~H$paKn;HOHHOH H 6nH:>KHeH KOMnOHeHT . 
B ~ByXKOMnOHeHTHOH MO~enH. /20/.B pe3yllbTal'e TaKOH .. 
cynepno3HD;HH R(yi ,yi) B n;eHTpan~.uoii o6nacTH (yi "'Yj .. o), 
noHaUIHM on;eHKaM, yBenuquBaeTca Ha"' 0,2. .· .. . -:-

B Ta6n. 4 · npuBo~aTca qucneHHbie 3HaqeHHa R -$yHK
n;uu, · cne~yiDII\He' H3. /14/, c yqeTOM Hanuqug ~anLHo~eiicT
BYIDII\eH KOMnoHeHTbi. PaciieTbi xopomo cornacyroTca .c ~aH
HbiMH NAL u ISR. /Ta6.ri.-1/ u pe3ynLTaTaMH, nonyqeHHbiMH. 
npu 40 T3B/c /Ta6n. 2/. 
Koppenan;uu nonepeqHbiX ~MnynLcoB_H.MynL
TH'nepu'$e-puqecKaa. KnacTepliaa .Mo~enb~ Pac
npe'~eneHHe no yrny cp :Me:>K~Y nonepe_qHbiMH HMnynLcaMH 
napbl BTOpHqHbiX qacTHD; 06@qH0 XapaKTepu3yroT K03$$H
n;HeHTOM ·acuMMeTpHH A/2/ unu napaMeTpoM B: 

dN 
"' l + B cos¢· /15/ 

dcp . v 

B pa6oTax 1211 paccMaTpHBanucL pacnpe~eneHHa no cp ~na 
npoH3BOllbHbiX nap 3apa:>KeHHbiX qacTun;. B. 3KcnepuMeHTax 
Ha ISR ·u3yqanacb 3aBHCHMOCTb A OT pa3HOCTH 6blcTpoT 
~na 3~_pa:>KeHHbiX qacTun; . /3/ u .D.na ·nap 3apa,D.--. y -
KBaHT /4/. B pa3~ene 2 /cM.Ta6n. 3, puc. 3/6hlnurip.uBe~eHbl 
pacnpe~eneHua no cp ~na rr + rr--, rr::- ,rr - -u ~ + rr + -nap B 
rr- p -B_3aHMO~eHCTBHax npu P = 40 T3B/c !. Heo:>KH,naH
HOH 'u TPY~Ho HHTepnpeTupyeMoii qepToii pa6oT Ha ISR /3, 4 I 
aBnaeTca cne~YIDII\as:: He o6Hapy:>Keiia 3a:Bacu-MocTb 'riapa-: 
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MeTpa aCHMMeTpHH OT pa3HOCTH 6biCTpOT 'iaCTHn, TOr,na :Ka:K 
Te )Ke 3:KCnepHMeHTLI 06HapJ)KHBaiOT CHJILHble 6JIH)KHHe 
:KOppenJillHH no npO,i:J.OJILHOH 6biCTpOTe. 3TOT clJa:KT npOTHBO
pe'IHT. npe,ncKa3aHHaM H3BeCTHbiX MO,neneii C 6JIH)KHHMB 
KoppenanuaMH, TaKHX .KaK MPM:B MKM. TonLKo Mo,nenu 
Tuna Mo,nenu ueKopp~nupoaaHH?JX ci'pyii npe,ncKa3biBaiOT 
KOppeJiaUHH nonepe'IHLIX HMriyJILCOB, CXO,i:J.Hble C Ha6JIIO,neH
HbiMH ua ISR /3,4/, uo 3TH Mo,neJIH He cnoco6Hbl o6'LaCHHTL 
6JIH)KHHe KOppenaUHH no 6biCTPOTe. . 

HaM Ka)Ktnca, 'ITO, B03MO)KHO, pauo .nenaTL BbiBO)J.bl 
H3 pe3yJILTaToB pa6oT, BblnonueHHbiX Ha ISR, KoTopble 
Haxo,naTCa B nP.OTBBOpe'IHH C ,naHHbiMB, nony'leHHbiMH npH 
102 T3B/c /Sb~ Tpe6yeTca 6onee .neiaJILuoe H3y'leuue 3a
BHCBMOCTH a3BMyTanLHbiX KOppenaUHH OT 6biCTpOTbi, oco-
6eHHO )J.JijJ Ma.iJLIX pa3HOC,TeH 6biCTPOT. 0'1eBH,i:J.HO, 'ITO TaK 
)Ke, Ka:K H no 6biCTpOTe, no a3H,¥YTY ,i:J.OJI)l(Hbl CYJUeCTBOBa"I:L 
,naJILBBe Koppenauuu, OHB H 6bi[IB uai,neHbi ua ISR. 

KuueMaTH'IeCKHe Koppenariuu no a3BMyTaJILHOMY yrny, 
o6ycnoarieuuble pacna,noM t!Jaiep6onoa, 6blnH npoauanu3:H
poaaubl · JleMKe u PauclJToM 1 22~Hai,neuo, 'ITO acHMMeTpua 
TaKoro npoucxo)K)J.euua o6paTHO nponopnuouaJILua Macce 
clJaaep6oJia, BJIB, 'ITO TO )Ke, 'IHCJIY ero clJparMeHTOB: 

A 
l l 
MF "" ~. 

/16/ 

· Cxo,nHbiH pe3yJILTaT no7yqp.eTca npu y'leTe . .nuuaMHKH pac
na,nuoi nenu c1Jaiep6ona 231. 

Mbi no:Ka ue paccMaTpuaaeM .nanl.uue KQppenaUHH Me)K)J.y 
npo,nyKTaMH pacna.na pa3JIH'IHbiX c1Jaiiep6onoa. H3 uawero 
auanu3a Koppenanui no 6LicTpoTe .ciie,nyeT, 'ITO "+ rr- -
naphl pci)K)J.aiOTca B pe3yJILTaTe pacna.naclJdep6onoB co cpe.n
uei Maccoi<M+->""Mo+-f::=2,anaphlrr+rr+-urr -"-
c1Jaaep60JIOB C MaCCOH 

<M >,.. < M >"" M+ +_f. ~ 3, 5. ++ . -- - . D . • 

Mw O)KH)J.aeM, cne,noaaTenLuo, 'ITO acuMMeTpua .nna rr+rr+-u 
rr -" --n.ap npuMepuo B ,naapa3a, MeHLWe, 'leM .IVIa rr + rr--
nap: 

- <M +- > . l 
·A + +,.. ·A - - = A + - ... - A + -·· TTTT TTTT TTTT 2 1T 1T 

.<M++ > 
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IIpuBO.D.HMLie ,nauuble npH 40- T3B/c /Ta6n. · 3/ B nepaoM 
npH6JIH)KeHHH cornacyroTca c /17 h 

4. 3aKAIO'IeHue 

Ue:H:TpanLHble 3Ha'leHHa ,nayxqacTH'IHoii KoppenanuouHoii 
ciJYHI<nHH .R ( 0,0) npH P = 40 r3B/c uaxo,naTca B xopoweM 
cornacuu c .nauHbiMH NAL u ISR. · 

Ha6JIIO,neuuble KoppenaUHH no 6blcTpoTe .nocTaTo-.iuo 
-XOpOWO onHCbiBaiOTCa /Ka'leCTBeHHO H KOJIH'IeCTBeHHO/ C 
noMOIULIO_ MPM u MKM. 3TH Mo,nen:H .naroT pa3JIH'1Hble npe.n.;. 
CKa3aHHa OTHOCHTeJILHO 6JIH)KHHX :KOppeJiaUHH )J.JijJ 1T + rr+ -
u rr -" - -nap: B MPM -3TH Koppenanuu o:rcyTCTBYIOT, a B 
MKM ouu cna6ee, 'leM .nna ·" +rr- -nap, uo ue.paBHbi"'HyJIIO. 
3KcnepHMeHTaJILHble OIIIH6KH no:Ka CJIHWKOM BeJIHKH, 'IT06bl 
c,neJiaTL OKOH'IaTeJILHLJii BhlBO)J., HO' npu · p = 40 T3B._ 
KOMnoHeHTa 6nu)l(Hero Tuna B . rr+ rr +...: u rr -" - -Kopp_enanHax, 
no-B,B.D.HMOMY, , npucyTcTayeT. KpoMe Toro, npuMeHeHHe. 
MKM npH HH3Kux/40 T3B/ 3Hepruax/a OTnuque oT_ MPM/ 
anonue nocne,noBaTeJILHO, no3TOMY auaJ1H3 3.KcnepuMeH-

. TaJILHbiX ,nauuLix no 3Toii Mo,nenu npe,nc'raanaeTca 6onee 
y6e,nuTeJILHbiM. MKM KaqecTBeHHO xopowo co'rnacyeTca 
c ,naHHbiMH no a3HMYTaJILHbiM KOpperianHa:M. O,nuaKO Tpe-
6yeTca ,neTaJILHOe 3KcnepuMeHTanLuoe uccne.noaauue 3aBH
CHMOCTH . a3HMYTaJILHbiX KOppenaUHH OT pa3HOCTH 6LICTpOT 
.D.BYX 'laCTHU. · 
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