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A6ecanaWBKnK n.H. H np. 10316 
+ 

AHanKa pacnperreneHKil rr --Me30HOB no nonepe•!Hbl~t H~>mynbcaM 

B rr- N -aaaKMO;:IeilcrBH>IX npH 10 f3B/c 

Ha craTHCTKKe 10 TbiC>I'l rr- P- 11 1 TLrc. rr- n -a3aH~>tOneilcrBHil 

npm~eneH aaanna onHO'laCTK'IHbiX nonyHHKIIJ0311BHb!X pacHpeneneHI!ii no no

nepe'IHbiM HMllyiTbC8"l 17 ± -MB30HOB Ha OCHOEIB CTBTKCT!!'IBCKOH MO;!BITII 

B036ylhDBHIIb:X KITBCTepOB K TBlniO.:llllla"lli'IBCKOH MO;!BIII!o 

Pa6ora Bhll!OITIIBHa [I na6oparop!!K BLJCOK!!X 3Hepl'Hli OIHHI. 

llpenpBHT 0()1,e,llBHeHBOrO BHCTBTyT& •.11epHWX BCCJJeJlOB&BBi. JlY6aa 1977 

© 1977 0(5J,ec)UHeHHWU UHCBUB.)'B Ac)epHWX UCCJtec)oeaHUii)ly6HtJ 

B aaHHOA pa6ore H3yttaeTCH nonyHHKnmaHBHOe pomaeHHe 

3BpHmBHHhlX DHOHOB B peaKUHHX 

rr- N -+rr ± + (n-1) + ... 
3ap 

TT- p - H TT ll -B38HMOaeiiCTBHH 3BpBI'ffCTpHpOBBHbl B 

asyXMeTpOBOii npODBHOBOii ny3bipbKOBOH K8Mepe fl83 

01-HU'I, o6nytteHHOii TT- -Me30HBMH C HMnynbCOM (40,00::!:_ 
+0,24) f9B/c HB ycKopHTene 1:1¢83. BonpocLr, CBH3BHHLre 
- 711 
C MeroaHKOH o6pa60TKH, OTIHCBHLI paHee · 

llnH OKOHttBTBUbHOf'O BHBUH38 OT06paHO OKOUO 10000 
rr-P-H 4000 rr-ll ·B38HMOaeiiCTBHH (Ha KBB3HCB060aHbiX 

HeiirpoHax B Rape yrnepoaa). DpH HX aHanHae 6yaeM HC

xoaHTh H3 HBKOTOpb!X cneaCTBHii, B03HHKlllHX npH paCCMOT

peHHH nonyHHKUID3HBHhlX XBpaKTBpHCTHK/2~ KOTOphle OCHO

Bb!BBIDTCH liB npennonO:t!CBHHH 0 CTBTKCTH'ICCKOM xapaKrepe 

HHKUID3HBHOf'O CUBKTpa BTOplfttHhlX ttBCTHU. 

8 pa60TBX /a ·41 TIOKB3BHO, 'ITO, BO-nepBbiX 1 HOpMHpD-
+ -

BBHHble rronyHHKUID3HBHLIB CetteHHH 77- -MB30HOB B TT p -

B3BHMOaeiiCTBIHIX DpK 40 f98/c XOpOlllO ODKCb!BBIDTCH Bbl

pa)KBHHBM 

-nM-1. (m.L -m) 
dan -'h 
-- =AnP m e 
dP.l -1. -1-

_1_ 

an 
( I ) 

rae ID t p .1 - MBCCB H norrepettHbLH HMITynbC p0)Kll8HHOf'O 

rr -MeaoHa, m -l.- nonepettHBH '\1acca, m -1.= y ~ +ID 
2
, M -l. 

.I 2 2 
v K 0 - K 1 , K 0 H K 1 - napaMerpbr, CBH3aHHbre co 

cpeaHHMH 3HatteHH5IMH SHepf'HH H npOAOnhHOf'O HMnynhCB 
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BTOPH'IHbiX qaerHu; BO-BTOpbiX, 3Ha<JeHHSI 1/ari dan/ dP J. 

B MaKeHMyMe paenpeJleneHHSI paeryr nHHefiHo no MHo~eer

BeHHoeTH 

1 ~...!!...._) =a + bn. 
( -;.~ d p+ max (2) 

B uaHHofi pa6oTe 6wn e]lenaH no]lo6Hwfi aHanH3 JlnSI 

BTOpH'IHb!X 77+ - H 77- -Me30HOB B 77-U -B38HMO]lefieTBHSIX. 

Ha6niOJlaeTeSI KaK "ey~eHHe" nHKa paenpeaeneHHfi (eM. (I)), 
TBK H poeT 3HaqeHHSI MaKeHMyMa pacrrpeaeneHHSI C yBenH<Je

HHeM MHO~eeTBeHHOeTH (eM. (2)) • 
PeaynbTBThl anrrpoKeHMaUHH sKenepHMeHranbHhlX aaHHwx 

no ¢opMynaM ( l) 1:1 (2) npHBeaeHbi Ha pH e. 1,2 ,3. 3Ha<Je

HHSI napaMeTpa M .l u eooTBeTerByiOmHe x 2 -BepoSITHoeTH 
npuBeaeHbi B ·r a 6 n. I. 

Ta6nuua 

77-N .... TT±+ ••• 40 fsB/e 

MHo~eerBeHHoerb qaeTUUbl M.l.. X2 /N * n (f3B) 

-
1 77 4,9I:t_0,33 8/14 

3 + 1,58:!:_0,05 30/15 77 

77 I ,61:!:_0,04 34/17 

5 77+ 0,96:!:_0,02 13/17 

77 0,97:!:_0,02 12118 

7 77+ 0,72:!:_0,02 7/20 

77 0,690:!:_0,015 11/20 

9 77 
t 0,57:!:_0,02 9117 

77 0,62±_0,02 8/I6 

11 + 0,50±_0,03 4117 77 

77 0,50+0,03 6/14 

* N - '!Herro SKenepHMeHTanbHbiX roqeK. 
4 
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Pl. r's;c 
2 6 I 10 If H 

P,. rJS.• 

pH e • 1 pH e .2 
+ 

nonyHHKrri03HBHble paenpe]leneHHSI 77- -Me30HOB 

no P-4- • KpHBble Bbi<JHenSinHeb no ¢opMyne ( 1). 

ilnSI ¢HKeHpOB8HHbiX 3HaqeHHH p j__ nony<JeH ITO'ITH nHHefi

Hhlll poeT HOpMHpOBBHHhlX eeqeHHll BTOpH'IHhlX nHOHOB no 

MHO~eeTBeHHOeTH U (eM. pHe.4a). 0Ka3anoeb, qro L(rrSI 

pa3rrH'IHbiX <fJHKeHpOBaHHbiX 3H8'1eHHH p..l.. paenpeaeneHHSI 

dan/ dP.l KBK <iJyHKUHH MHO~eeTBeHHOeTH HMeiOT HO-

Jl06HyiO ¢opMy (p 11 e. 5), r.e. HMeer Meero eneayiOmaSI 

napaMeTpH38UHSI: 
14

•
51 
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'jf-n .-11± + .. 40 r3B/c 
i2. L 

I /.""- -U2 
( i 46n) =-<l + g n - 10. ~ 6n D.;: """ /I J' -HO. ~ q;-

~ s r / A' -H. 
>< 
<:: 

~ 

:t# 
--l6 ~~IL • r,t) g-= i. Oi± 0.08 ~~ 

-H ~I~ 
r.'- ~, 1. 0'/± 0.08 --- 0 J/ ' 

2. 

3 5 1 9 H 13 
n 

P a c. 3. PacrrpeneneHae MaKCHManhHbJX 3Ha"4eHail: 

1/an• dan /dP.J.. B 38BHCHMOCTH OT lv!HQ)K8CTB8HHOCTH 11 

KpHBhle - pe3ynhTaT arrrrpoKCHMBUHH no ¢opMyne (2). 

.1_ _da.E.._=F(n)f(n)[1+<1>(n,,P-!- )], 
an dP-L . ( 3) 

rne t1> (n, P .l ) - Mepa OTKJIOHeHH H or 3eKoppenupoBamroro 

cny'laH. (5) csoil:crso 6onee y6enHrenhHO swpa~eHo B pac-

npeneneHIIH ¢YHKUHH:ll11afidan/dP..I.. {puc.46), orKyna 
cnenyeT, 'ITO 38 liCKJIJO'ieHHeM 06JiaCTf! M8Jlb!X p .l. 
(Pl :S 0,2 faBle) Koppen51Ul151 <I>(n,Pl) Mana H HMeer 

Mecro c xopoweti TO'iHOCThiO ¢aKropf!38UH.H no n a P+
nepeMeHHbJM: 

6 

_:!~= F{n) f(n) 
dP..J.. 

F(n)=na n; f.(n)=da/dP .l- . (4) 

~---,----,- j Jf -!1-J1:! • (n-1),.,.+ ~0 rJB/C 

Jal + A 

~ ; ~ ? 1 y• 'I-
5. L + y I o P. ·0.025 • 

0 P.•0.2 • 

al ; I I 1 t . P.·a<> • 6) 

~ t l f ~ I () P. -os • 

~ I • } t } 1 /. t t + i ~ ~~ 1 1 ~ f ~ f 

~~5 1 f ·~. t 1 t } 

"• j j¥' f I 1 { 
a) 1~~~~ 1 

~~ f 1- I, I 

1357.')!1 1357,9 

n n 
p il C. 4. a) npoeKUH51 nonyHHKni03HBHb!X CITeKTpOB 

1/ an (don /dP J.. ) rr ± -Me30HOB no TorronorH HM npa ¢aKCH

poBaHHbJX 3HC1"48HH51X pl. 6) nonyHHKJ1103HBHble CII8KTpbl 

1/na (da /dPJ. ) 77 ± -Me30HOB no TOIIOJ10f'il511\: npH ¢HKCH-
n n 

pOBaHHb!X 3Ha'leHH51X p.J.. 

/61 Ehmo noKa3aHo , 'lTO np11 6onhWHX 3Ha'l:eHH51X none-

pe'IHoro HMnynhca ce'l:eHH51 rronyHHKJII03HBHbJX cneKTpoB 

YAOBJ18TB0p5110T COOTHOWeHHIO nono6H51: 

<n(P.l )>dan/dPJ. = ~' (n/<n(P-1. )>). (5) 

rne 

da/dP = L da /dP..!.., 
l n n 

< n (P .l- )> 
L (n-l)dan I d P-I-
n --. 

L da /dP, 
n n -+ 

7 
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n 
P+u c. 5. TipoeKUHSI nonyuHKmoauBHbiX cneKrpoB da

11 
/ dP -l 

7T--Me30HOB no TOnOJIOrKHU npu ¢KKCHpOBBHHhlX 3HaqeHlf5IX 

p_l 

J.1 MBJOTC 5I 8J{CnepHM8 HTBJibHbiB YKB3BHH H Ha BB TOM OABJib

HOe nOBBABHHB noJiyHHKJIJ03lfBHb!X XapaKTepHCTlfK AJISI 77- p
B3BHMOABHCTBHH npH 40 raB/c-' 4 •• AHaJIOrWIHO "-P-B3aH-

MOABHCTBlf5IM TT- ll -B3BHMOJlei1CTBH5I TBK:iKe npOSIBnSIJOT 

CBOHCTBO MaCWTa6HOH 3BKOHOMepHOCTlf C84BHHH nonyuH

KJIJ03lfBHblX npoueccoB. Ha p K c. 6 noKa3aHbi aKcnepHMeH

raJibHbre T04Klf 0 KOTOpbiB COOTBBTCTBYIOT ABYMBpHbiM pac

npell8JI8Hlf5IM .;n(PJ)>(da11 /dPl)/(da/dP-l )AJISI 77 -Me30HOB 

B Macwra6e Z=ll/<n(Pl )>. CnnOWH85I KpHBBSI COOTBeTCT

ByeT annpoKClfMBUlflf 8~lfX T04BK cornaCHO Bhlpa~eHlf!O 
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Puc.6. PacnpeneneHlfe <n(P-l)>(d~/d!i)/(da/dPl) nnH "±_ 
Me3oHoB B Macwra6e Z =nl <n(P ..L )>. KpHBaSI - pe3yJibTaT 

annpoKCHMBUlfH no ¢opMyne (6) • 

t/1 (Z )= AZ exp(- BZ 2 ). (6) 

CoorHoweHlfe (6) B3HTO no aHanorlfH c 
/7/ 

KNO pacnpene-

neHH:eM. KaK BHilHO H3 puc .6, nonyqaercH ynoBnerBopu

TeJibHOe onucaHlfe. 

+ 
Mbr H3y4aJilf raK~e nonyHHKJIJ03lfBHbJe pacnpeneneHlfH 

TT--M830HOB no nonepe4HhlM lfMnynbCBM AJISI HeynpyrlfX 

TT -N -B3BHMOilBHCTBlfH npu 40 faB/ C Ha OCHOBe repMOAlf

HBMH48CKOH l\101l8Jllf ;g,g;. Ha OCHOBe 8TOH MOJlBJilf TIOJiy-

48HO /!O,'I.tbOOTHOWBHHe 

5/2 3/2 ~a .i p-1-
dN 11 a.i P .i e 
--- = N .i -------. ----

dP l 3/4 \ITT 

( 7) 
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( N l - eyMMapHOe 'Hreno TpeKOB B KOHB'IHOM eoeTOSIHHH), 

KOTOpoe XOpOillO annpoKeHMHpyeT dan/dP~ KBK ¢yHKUHID 

p-l. AnSI TT ± -M830HOB. 3asHeHMOeTb rrapaMeTpa a-l. OT 

MHO)KeeTB8HHOeTH n If OT eyMM8pHOH ::meprHH peaKUHH 

B e.U.M. W XOpOillO OITHebJBaeTeSI QJYHKUHBH /10/ 
l(.M 

a.l. (n ,W ) = e(n) -t __!j!!.}_; 
1\.M. W 

1\ .M. 

(8) 

rAe e(n) If f(n) nHH8HHO 38BHeSIT OT MHO)KeeTBeHHOeTH/lO,ll/ 

3Ha'IeHIISI e(n) 11 f(n) AnSirr-N-B38HMOAeii.cTBHH ITpii 

40 f::JBie ITOK838Hbl B Ta6n.2. 

B pa3HhlX peaKUHSIX nonyqeH nHHel1Hwi1 poeT Koa¢¢H

UHBHTa a 1 no MHO/J<eeTBBHHOeTH IT (pHe],8,9). 

C ysenii'IBHHBM HMITynbea HaneTarorueA qaeTHUhl UpOIIe

XOAHT ena6oe YMBHbill8HH8 KOaQJQJHUHeHTa aT (pHe. 10,11). 
OrMeTHM, 'ITO no MOAenH XareAopHa 18 MaKeHManhHBSI 

TeMnepaTypa "KHDBHHSI 8Ap0HHOH M8TBp1111" eoeTaBnSieT 

T = 160 MaB, 'ITO AaeT rrpeAenhHOe 3Ha'IeHHe a4 =6,25(al=.L). 
- T 

.UnSI rr N -s3aHMOAeikTBIIH npH 40 faBle B eny"lae rr±-

M830HOB nony"laeTeSI 3H8"l8HII8 a~ =o,5, 'ITO eOOTBeTeTByeT 

T =151 MaB • .UaHHbre pa3HbiX pa6oT 
112

•
131 

ITOATBep)KAaroT 

ena6biH poeT TBMITepaTypbl e pOeTOM HMJlynhea HaneTa!O

illBH qaeTHUbl. 

TaKHM o6pa3oM, aHanH3 aKerrepHMBHTanhHWX OAHO"lae-
+ 

TII'IHbJX paerrpeAeneHHH no nonepe"lHbiM HMnynheaM rr- -

M830HOB AnSI TT- IT- B381IMOAeiieTBHH TipH 40 faBle n03Bo

nSieT 3aKnro"lHTh, 'ITO noseAeHHe aTHX erreKTpOB yAosneTBo

piiTenhHO OnHehlB88TeSI B paMK8X eTaTIIeTII"l8eKOH MOABnii 

so36y)I<AeHHbiX KnaeTepos. 

3KerrepHMeHTanhHOe paenpeAeneHHB 1/J (n I< n (P.J. ) > 
AnSirr-n-s3aHMOAei1eTBHH npii 40 faBle yKa3wsaeT Ha ero 

8BTOMOA8nhHOe nOB8A8HII8. 

B paeeMaTpiisaeMoH o6naeTII aaeprHii paenpeAeneHHSI 
+ 

no nonepettHbiM HMnynheaM AnSI rr --Me30HOB xoporuo annpo-

KeiiMHpyroTCSI TepMOAIIHBMH"lBCKOH cpOpMynoii (7), KOTOpaSI 

TIOK83b!B88T, 'ITO cpOpMa CTI8KTpa He 38BHCIIT OT TipHpOAbl 

H aHepriiii eTanKIIBBIDillHXeSI aApOHOB H OT MH0)1(8CTB8HHOCTH 

3apSI)KBHHwx "laeTHU. Ha6nroAaeTCSI SIBHaSI nHHei1HaSI aas11-
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Pacnpeaeneaae nonepe"4HbiX Ko94JqmuaeHTOB a ..J...B 

38BHCHMOCTH OT HMITynhca HaneTaJOIUeH "48CTfillbl 

anH pa3HhlX Tononorail: n • KpHBhle - pe3ynhTaT 

annpoKCHMaUHH no 4JopMyne (8). 

CHMOCTb K09tPtPHIIH:eHTOB a .LOT MHO:iKeCTBeHHOCTH H HX cna-

6oe yMeHhllleHH:e C pOCTOM 9Hepr'HH B38HMOUeil:cTBHH. 

ABTOpbl llpH3HaTenhHbl COTpyaHHKaM KOnna6opaUHH ITO HC

CneaosaHHIO npouecCOB MHO:iK.eCTBeHHOf'O pO)KlleHHH B 11-N -
B3aH:Moaeil:cTBHHX npw 40 f::JB/c 3a npenocTasneaae Mare

paanos a none3Hbie o6cy:iKaeHHH. 
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