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m .J10ep111,1x ucc,-ieooaauuu J(y6ua 

1. BBE,ll,EHHE 

AHanH3 ,naUHbIX O MHO:>KeCTBeHHOH reuepaunn a,npOHOB 
B x,nepHOM BeiuecTBe npn BblCOKHX 3Heprnxx II03Bonnn 
c.nenaTL onpe,neneHHLie 3aKnIO'lennx o xapaKTepe npocTpau
CTBeHHo-BpeMennoro pa3BHTHH 3Toro npouecca B 3neMc11-
Tap110M aKTe /l ,2~ liwno o6uapy:>Keuo, 'ITO npae.nono,no6uoii 
xenxeTcx KapTnna, cornacuo KOTopoii "nu,nnpy10iuax" qac
Tuua B pe3ynLTaTe aKTa rny6oKo ueynpyroro B3aHMo,neii
CTBHH nepexo,nHT B COCTOHHHe, uaxo,nHCb B KOTOpOM B TC
qeuue BpeMeHH, ueo6xo,nnMoro .nnx eoccTauoenennx panuo
eecuoro co6cTeeuuoro nonx, ona B3aHMo,neiicTeyeT c nyK
nonaMn c ManLIM ceqeuneM. Po:>K,nenuax e10 a,npouuax 
cucTeMa-KnacTcp ua ncpeoii cTa,nun ee,neT ce6x KaK e.nnuoe 
ucnoe, pacurnpxeTcx, .nocTnrax pa3Mepoe,_Kor.na cTanoeuTcx 
B03MO:>KHbIM ee pacna.n ua OT,nenbHhJe a,npOHbl. BpeMH 
pacwupeuux n pacna.na KnacTepa, KaK npaBuno, npeBLiwaeT 
BpeMH ero nponeTa B x,nepHOM BelUCCTBe. 

·a pa6oTax /l, 2 I 6Lrn pa3pa60Tan MeTo,n onncanux 
,nBH:>KeHHH e BelUeCTBe KnacTcpa, o6na,naIOlUero TaKHMH 
CBOHCTBaMH. C IIOMOI.UbIO 3Toro MeTo,na ycTanoeneuo, 'ITO 
napaMeTpbl B3aHMO,neHCTBHH KnacTep- HyKnOH / 3a HCKIDO'le -
uueM nonHoro ce'l~HHH a K,N / npaKTH'leCKH c0Bna,na10T 
C HX 3Ha'leHHHMB, H3BeCTHbIMH H3 CTOnKHOBeHHH o6bJ'IHbIX 
a,npouoe. B . CO'leTaHHH C HCXO,nHhIMH rHIIOTe3aMH MeTO,n 
II03Bonun BeCLMa npoCTO o6bHCHHTb px,n y,nHBHTenbHbIX 

. tl>aKTOB,. ycTaHOBneHHblX IIPH H3y'leHHH MHO:>KeCTBennoro 
po:>K,neuux B .H,nepuou cpe,ne. TaKHM o6pa3oM, Tenepb MO:>KHO 

t. 
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CqJOpMynHpOBaTh .u;ononHHTenhHhie Tpe6oBaHH.H K Mo,u;en.HM, 

npeTeHJJ;YIOlUHM Ha onHcaHHe MHO)KeCTBeHHOH reHepauHH 
B 3IleMeHTapHOM aKTe • 

O.u;HaKo 3THM He HC'lepnhIBalOTC.H B03M0)KHOCTH npHH.H

TOH B /l, 2 / KapTHHhl. OHa nOM_oraeT nOH.HTh OCHOBHhie qep

Thl ,IJ;a)Ke TaKHX "3K30TH'leCKHX" npoueccoB, KaKHM .HBn.HeTC.H 

"nonHhIH pa3aan" .a.u;ep pen.HTHBHCTCKHMH 'laCTHUaMH, BhI
.HCHHTh ero MeXaHH3M. 

3TOT 3qJqJeKT Ha6n10.u;anc.a B 3KcnepHMeHTax no o6nyqe -

HHIO qJOT03MYilhCHH npH 3HeprHH npoTOHOB E p = 9,6 H 

69 I'3B /3< OT6op 3Be3.D; C 6onhWHM 'IHCilOM Hepen.HTHBHCT

CKHX qacTHU / 2::. 28/ npHBen K cne,u;yIOll{HM pe3ynhTaTaM. 

/O11:eBHJJ;HO, 'ITO BKna.u; B 3TOT npouecc MOryT JJ;aBaTh IlHWh 
T.H)Kenh1e .a.u;pa qJOT03MYilhCHH B~ H Ag /. 

B~pO.HTHOCTh npouecca nO'ITH He 3aBHCHT OT 3HeprHH 

Ep H COCTaBn.HeT BeChMa 3aMeTHYIO BenH'IHHy: 3-4'fo /30-

40 M6/ OT Bcex B3aHMOJJ;eHCTBHH npoTOHa C .H.D;pOM. 

Yrnoaoii KOHyc, xapaKTepH3yeMhIH nonOBHHHhIM yrnoM 

s -:'laCTHU, pe3KO YIIIHp.HeTC.H - npH6nH3HTenhHO BJJ;BOe -

no cpaaHeHHIO c ero JHa'leHHeM .u;n.a "cpe.u;Heii"' 3Be3.D;hI. 

IlonoaH1111i.1ii yron .u;n.a g- H b -qacTHU cna6o JaBHCHT 

OT 3HeprHH E p, npH'leM nocne,IJ;HHe BhmeTalOT IlO'ITH 
H30TpOnHo. . 

qpe3BhI'laiiuo HHTepeCHhIMH .HBil.HIOTC.H qiaKThl - B cneKT-. . 

pe b -11:acTHU MHoro "no.u;6aphepHhIX", a cpe.u;H.H.H 3HeprH.a 

b - 11:acn1u yMeHhwaeTc.a :e .~ 1,65 paJa npH nepexo.u;e OT 

E P = 9,6 I'3B K E P = 69 I'3B. HecKonhKO yMeHhwaeTc.a 
H HX 'IHCno. 

Ilonua.a 3HeprH.a .a.u;epHhIX HYKilOHOB / g- H b -11:acTHU/ 
npeah1waeT 3,5 I':JB. 

MexaHH3M 3TOro · .HBneiIH.H He Bhl.HCHeH. O'leBHJJ;HO, 'ITO 

npH ero qJOpMynHpOBKe He06XOJJ;HMO npHH.HTh. BO BHHMaHHe. 
nepe'IHCneHHhie BhIWe qiaKThl. 

2. MEXAHH3M .EiOJlbHIOH IIEPE,l(AIJH 3HEPI'HH 
. .JI,l(PY PEJI.JITHBHCTCKOH CJACTJiaEH 

Ilpe)KJJ;e Bcero nonhITaeMC.H ycTaHOBHTh CB.H3h Me)KJJ;y 

3THM 3qJqJeKTOM II npoueccOM MHO)KeCTBeHHOH reHepaUHH. 
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Ilo uaweMy MHeHHIO, HCnOnh30BaTh .u;m1 3THX ueneii Kac

Ka.D;Ho-HcnapHTenhHYIO MOJJ;enh Henh3.H /cM., OJJ;HaKo, / 4 / /, 

TaK KaK ona ncnhIThIBaeT cephe3Hhle 3aTpy.u;neHH.H y)Ke 

npn HHTepnpeTaUHH "cpe.u;nero'' BJaHMo.u;eiicTBH.H /nanpH

Mep, / 5,6, 77 /. Boo6ll{e cne.u;yeT JaMeTHTh, 'ITO nOilhITKa 

onHcaTh TaKOH KaTaCTpOqJH'leCKHH npouecc, KaK !'nonHhIH 

paJaan" .a.u;pa, Ha ocHoBe n106oii Mo.u;enH, onHpa101tieiic.a 

·Ha. npocne)KHBaHHe cy,u;h6h1 Ka)KJJ;oro HJ 6onhworo 'IHCna 

.a.u;epHhlX HyKn0H0B, .u;a ell{e B HecTaUHOHapHhIX ycn0BH.HX, 

.HBn.HeTC.H ienoM npaKTH'leCKH 6e3HaJJ;e)KHhIM. Heo6xo,u;HMO 

npHBne'lh MeTOJJ;hl, 6onee npHcnoco6neHHhie K onHcaHHIO 

.H'hneHH.H - MeTOJJ;hl, pa3BHThie B MexaHH3Me cnnoWHhlX cpe.u;. 

,ll;n.a Ja,u;aq .a.u;epnoii qJH3HKH OHH y)Ke HeOJJ;HOKpaTHO HCn0nh-

30BanHCh /cM., HanpHMep, / 8, 9 I;. · 
3.u;ech Mhl o6paTHMC.H K u.u;ee B036y)KJJ;eHH.H B .a.u;epHOM 

aeI.UeCTBe KonneKTHBHoro JJ;BH)KeHH.H, o6na.u;aroll{ero oqenh 

6onhwoii 3HeprHeii. HaH6onee npocToii H ecTecTBeHHhiii 

nyTh - aHanorH.H C nopO)KJJ;eHHeM. y.u;apHOH BOilHhl B cpe.u;e. 

Panee 3Ta H.u;e.a BhICKaJhIBanach /cM. /lo I;. O.u;HaKo Tor.u;a 

ona ne 6hlna CB.H3aHa C K0HKpeTHhIM 3IleMeHTapHhIM aKT0M, 

cnoco6HhlM o6ecne'IHTh Tpe6yeMhIH pe3ynhTaT. Ilo3TOMY Mhl 

pac CMOTPHM 3TY npo6ne MY JaHOBO H no- HHOMY. 

O'leBHJJ;HO, 'ITO .u;n.a HHHUHHpoBaHHJI y.u;apHOH BOilHhl neo6-

XOJJ;HMO BhIIIOnHe.nHe onpe.u;eneHHhIX ycnoBHH. 

' l. IloTCpH 3HeprHH 11:aCTHUeii-HHHUHaTopoM JJ;Oil)KHa 6hITh 

aenHKa H .u;on)KHa Henocpe.u;cTBeHHO pacnpe.u;en.HThCH Me)K,o;y 

,!l;OCTaT0'-1:HO 6onhWHM 'IHCilOM HyKnOHOB. 

2. Ilepe,o;aHHhIH Ka)K,IJ;0MY HyKnOHY, HMnynhC JJ;Oil)KeH 6hITh 

npH6nH3HTenhHO O,!l;HliaKOB /Tor.o;a B03HHKHeT KonneKTHBHOe 

,!l;BH)Keime, COOTBeTCTBYIOll{ee B0nHe 113MeHeIIH.H nnoTHOCTH/. 

3. CKopoCTh ,o;BH)KeHHH · qacTHUhI - HHHUHaTopa ,!l;Oil)KHa 

npenhIIIIaTh CKOpOCTh "3ByKa" B .a.o;epHOM Bell{eCTBe. 

3TH ycnoBH.H neo6xo,D;HMO .o;ononHHTh ell{e 0JJ;HHM. B 

cnyqae CHCTeMhl, HMeIOll{eH KOHe'-1:Hhie pa3Mephl, 06 y,u;apHOH 

Bonne HMeeT CMhICn rOBOPHTh, ecnH ee WHPHHa O 3Ha'IH

TCilhHO MeHhIIIe xapaKTepHhIX pa3MepoB. I1o3TOMY .u;nH 
H,o;pa ,!l;Oil)KlIO fihITh O « 2 R • 

Ha'IHeM c nepaoro ycnoaHH. ,ll;HqiqiepenuHanhHOe ceqe-

HHe a.o;pou·oa BhlCOKOH 3HeprHH B nepBOM npH6IlH)KeHHH 
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YAOBJieTBOPHTem,Ho onHChIBaeTCJl clieHOMeuonorH'leCKHM Bbl
pameHHeM: 

·a -1 d 2 tot 
a q == a 2 

B exp (- Bq ) , 
/1/ 

tot 
/ q - nepeAaHHhIH HMnynhc, a - nonuoe· ce'leHHe B3a-
HMOAeiicTBII.H/. B en11qnua B 
po1rnx npeAenax /3 . .:;; B .:;; 

113MeH.HeTCH B AOBOJihHO WH-
1O / I'3B/c/-2 / a JaBHCHMOCTH 

OT COpTa CTaJIKHBalOIQHXCJl 'laCTHU H CTeneHH HeynpyroCTH 
npouecca. ~JIH noTepb 3HeprHH.'laCTHQea B .HApe MO)KHO 
Hann ca TL: 

- 00 

fp . 
L\E,,, --J 

2m 
2 da 2 

- tot ea P 
0 tot 

- 0 -3 . 
r,I\e r = 4 R - cpe~HHH nyTh, p == 0,143 (flM - nnoTHOCTh 

q --2(dq ) 
dq 2m B =t.a P•' /2/ 

HYKJIOHOB B .HApe, f - cpe.z\HJIJI 3HeprHJl HYKJI0Ha~OT,I\aqH. 
Cpe,I\nee 'IHCJIO HYKJIOHOB, HCnhITaBWHX CT0JIKHOBeHHe C nep
BH'IHOH 'lacTuuea, panHo: 

<n > == L\ E;;- o lot rpa /3/ 
. . -2 Ecnu L\E == 3,7 I'3B, a B =Bmin"" 37 4 / I'3B/c/ , T.e. 

7 == 0,13 I'3B, TO AJIR TJl:>Kenoro J1Apa clioTOJMynhcHn 
( Ag)AJI.11 a tot nonr1aeM: 

a tot 
min == 200 M6. /4/ 

0,!J,HaKo cpe,IJ;B H3BeCTHhIX B HaCT0.HJ:Qee BpeM.JI 'laCTHU HeT 
HB 0.D.HOH, KOTOpan npu 3Hepruu 10 I'3B H BhIWe B3aHM0-
.D.eiicTBOBana 6bl C HYKJI0HOM C TaKHM ce_qe1111eM. HanpHMep, 
CC.JIB nepDll'IHa.JI 'laCTHQa - Ilp0T0H / a lot = 40 M6/, TO 

L\E ·==· 0,4 I'3B, a <n)c= 3. 3TH 3Haqenun C.riHWKOM. MaJILI, 
'IT06bl Dhl3BaTh l(OJIJieKTHBHoe .D.BH:>Kenue Tuna YJJ.apnoii 
BOJIHhl /n npoTHBOil0JIO>KHOCTh npe,!J,n0JIO:>KeHHIO B /1 O / /. He 
cnacaeT noJIO)KCHBJi H po:>1<.D.enue 0.D.HHO'iHhIX 'laCTHQ . 

1-iTaK, Y*e HJ nepsoro ycnoDHJl cne,!J,yeT, 'ITO .D.JIH no
PO:>K.D.emrn: MOIQHOR Y.D.apHOH BOJIHhI Heo6_XO,!J,HMO, 'IT06bl C 
Il,!l,pOM B3aHMO,!J,CBCTDOBana a,D;ponna,i: CBCTeMa, HMCIOJ:QaJl 
pa]layc nopnmm 2 - 3 (/JM. 

. B KU'-ICCTBe TaKoii CllCTeMbI M0:>KeT BhICTYilllTh KnacTep. 

G 

O6pa3oBaHHhiii y:>Ke npn E p ·== 10 .I'3B H ,3Ha'IHTeJILHOM 
KOJciiciiHUHeHTe HeynpyrocTH KnacTep M0:>KeT. A0CTHrHyTh 
B npe,I\pacna,I\HOM COCT0JIHBB TaKBX paJMepoB. Pe3K0 BoJ
pacTaeT eeJIB'IBHa l\E H 'IBCJI0 <n>"-HYKJI0H0B 0T,I\a'IB. Cne
AOBaTeJihH0, ABB:>KeHBe KJiaCTepa, po:>K,I\eHH0ro B Jl,!l,pe, 
Mo:>Kih npueecTB ~ Tpe6yeMhIM pe:iyiILTaTaM. 

Ou Y.D.OBJieTB0pHeT B BT0P0MY YCJI0BHI0. ~JIJI B3aHM0 -

.D.e~CTBBJI KnacTep-HyKnoH BMeer MeCTo/ll<q>==0,44 I'3B/c 
a c == Orl3 I'3B.. O'leBB.D.Ho, . BHTepean pa36poca no 
HMnynLCaM. H'e M0:>KeT 6bITh 6onee. Y3KHM, 'ICM 2 r· F 
/ p .F - rpaHH'IHhIH HMnyJihC <I>epMH B Jl,!J,pe/. ~onro cnrraeB' 
nepe,!l,a'IH HMnynhca B HHTepeane < q> -p F ;;_ q ::; / q > + PF 
M0:>KH0 xapaKTeE_H30BaTh OTH0WeHHCM L.\oK,N( <q> - P F ,. 

<q>+p ) /a ~rN > 0,8. T .e. 0Ha 6JIH3Ka K e,!J,HHHQe. 
BhIIlOJIHJleTCJl H TpeTbe YCJIOBHe .. B caM0M ,!J,CJie, CKo

poCTh · .. :rnyKa" a B HJJ.pe, rpy6o roeopH, paeHa /Io I: 

a == [/2007300 
•••• C • 1/2' . .· <' 

M3B/ 9ml ,,,/O,14-O,19/c/5/ 

rAe m - Macca uy1<noua. C_1<opocTh :>Ke KJiacTepa n_e _MeHL
we c1<opocT11 U:M· cucTeM~I e · p_:: N ~cTO.ITKHoi:Jenuu. Y:>Ke. 
npu F:p ~. 10 I'3B 0~Ia COCTa_l:lJIJleT '(k ,,,· O,91C. OTCIO.IJ.a. 
vk/a»l 

HaKoneu, 0 nocne.n.ueM . yCJIOBHH. HyKJI~Hhl, HCil_hITan
lIIHe CTOJIKHOBeHHe C KJiacTepOM, cliopMHPYIOT y,IJ;apHyro non
HY. Ee lIIHpHHa o'iipe,D;eJIJleTCJl cpe,qHHM CBOfi0.IJ.HhIM npo6e - . 
roM A . 3-THX HyKJIOHOB B cpe.n.e /Ill, IlpH ~ == o,13 I'3B 
A = 2 r/JM. Ilo:iToMy o = A == 2 ?JM « 1(?-11 r/JM, _= 2R_, 
H 3TO yCJI0BHe BhIIl0JIHCH0. 

TaKHM o6pa30M, B Ka'leCTBe MexaHH3Ma nepe.n.a'IH 
3HeprHH,' 60JihlIIeii HJIH paanoii 3,5 I'3B, H.D.PY peJIJITHBHCT-. 
cKoii qacTuueii · M0:>KH0 npnnHTh renepauuro y.n.apnoii BoJIHhI 
KJiaCTepoM, p0:>K.IJ.CHHhIM 3TOH 'laCTHUCH. 

3. J(BH)KEHHE KJIACTEPA B .JIJ(EPHOH CPEJ(E 
· H XAPAKTEPHCTHKH S--: T.JACTHIJ, 

COIIPOBO)Kj(AIOHJ.HX "IIOJIHb/H PA3BAJI" 

~JIJI nonyqeHHJl K0JIH'ICCTBeHHhIX ouenoK aeJIH'IBH, xa
paKTepH3YIOIQHX JlBJieHBe nonHoro pa3aana H.IJ.pa cne.qyeT. 
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HCnonh30BaTb .ypaBHeHHH MeTo,D,a, pa3BHTOro B pa6oTax /l , 2 ~ 

Hx MO)KHO npe,D,cTaBHTb B 6e3pa3MepHOM BH,D,e: 

f 
d77 d( , 2 - = -[ s + f ] ' 
d( o o .. v y 2(e) - l /6a/ 

dK 
~ = L ( \' K 2 + 277 

E
0 

( 0) 

m c2 
- K.-

2· ( d , 
~)[s +( e 12, 

E O (0) o O yy2((')-l 

/66/ 
npuqeM 

77 ( () = K ( fl '. y ( () • 
/7/ 

B /6a,6/ Mbl ynoTpe6n11eM o603HaqeHHH: 

3 f ./ f 
f= (z - zo) y77p E (0) ' so=ro y77p E (0)' 

. 0 0 _ 
z o - .Toqi<a pO)K,D,eHHJI KnacTepa c Maccoii E 0(0) , t 

=0,13, I'3B /ll- cpe,D,HHH :meprHH HYKilOHa OT,D,aqu, HCilbITaB
rnero CTOilKHOBeHHe C KnacTepoM, p - nnOTHOCTb H,D,epHoro. 
BemecTBa, r o '"" 1,2-1,4 (PM - pa,D,HYC ,D,eHCTBHH H,D,epHhIX 
cun. <l>yHKU:HH 77 (() = E(() /E 0 (O) H K (fl = E

0
(c;) /E 

0
(0) 

OilHChIBalOT 3aBHCHMOCTb IlOilHOH 3HeprHH H MaCCbl KnacTepa. 
/a eAHHHU:ax ero HaqanbHoii Macchi/ OT Koop,D,HHa Thi Ha 

..E (0) uin • . 
np11MonuHeiiHoii· TpaeKT0PHH. BenuquHa L ,,; __ ( <K>'--) 

z- u tot K,N• 

in . . a. 
nponopu:*oHanhHa napaMeTpy HeynpyrocTH (<K>--) =0,2 

· , .. u tot K,N 

B3aHM0,D,eiicTBHH KnacTep- HYKilOH
0 

/l ~ 
Ilepnoe ypa·aHeIrne /6a/ CBH3hIBaeT yMeHhIIIeHue nonHoii 

:rnepruu KnacTepa c 3Heprueii, nepe,D,aBaeMoii HY.KnoHaM 
OT,D,aqn. TeMn ero pacrnupeHHH JaMe,D,neH Ha y -qiaKTop 
IlopeHu:a. 

BTopoe ypaBHeHHe /66/ CBH3hIBaeT pocT MaCCbl KnacTe
pa C napaMeTpOM HeynpyroCTH B3aHMO,D,eiiCTBHH KnacTep
HYKilOH. 
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Ponh HaqanbHhIX ycnOBHH ,D,IlH ypaBHeHHii/6a,6/urpalOT: 

77(0) = y
0

, K(0) = 1, E 0 (o). /8/ 

OHH onpe,D,enHIOTCH MexaHH3MOM o6pa3oBaHHH KnacTepa /I 2~ . 

B cnyqae .D.HtlipaKU:HOHHOrO MexaHH3Ma Yo ""Yp - tliaKTOp 
nepnHqHoii qaCTHU:hI, K NN « 1. IlpH o6pa30BaHHH IlHOHH-
3aU:HOHHOro KnacTepa y O = y c.u.rr. • ,D;nx KnacTepa, o6pa-
3oaamrnro iipH K NN ""1 /nonHaH craTHCTHqecKaH cucTeMa, 
BKmoqa10maH H Ha'IanhHbie qacTHU:hI/, y O = y c.u.rr •. Cny
qaii, COOTBeTCTBYIOmHii ycpe,D,HeHHOMY no pa3nHqHbIM Ka
HanaM ,pe3ynhTaTy,npaKTHqecKH conna,D,aeT C IlH0HH3aU:HOH

HblM napuaHTOM K NN"" < K NN > H y O = Y c.u.rr. · 
IloTepH 3HeprHH Bbipa:>KaeTCH qepe3 q>yHKU:HIO 77 { () cne

,D,y10mHM o6pa3oM: 

L\E(() =E~(O)[yo-TJ(fl],;:,Eo(O) ,677(() /9/ 

Qqenu,D,no, qTo paccMaTpunax 3$$eKT ~•nonHoro pa3nana", 
. Mbl ,D,0.IT)KHbl .· orpaHHqHThCH npo6eraMH KnacTepa B BeI.Qe~T-. 
Be, · o6ecneqHBaIOIQHMH npaBHnhHyIO BenuquHy cpe,D,Heii no- ·· 
TepH 3HeprHH; Ha6n10.naeMOH B. 3KcnepHMeHTanbHbIX ycno-
BHHL Mhl nonaraeM t:-, E. = 3,7 I'3B. • 

' 3.1. "IlO/IHblU pa36a/l" npu E = 69 I'3B p '•• 

B 3T0M cnyqae ,D,IlH onpe,D,eneHHH xapaKTepHCTHK, OTHO-: 
c11muxc11 K. s -qaCTHU:aM, . Mhl ,D,OJDKHbl pernaTb CHCTeMy 

ypajrneHHii/6a,' 6/ u IlOilHOM o6'heMe. MeTO,D, perneHHH 6bm_ 
onubai!'""n pa6o_Tax /l, 2/, 3,D,ecb MhI _npuBe'.neM numb oKoHqa
TenhHhie pe'3yn1,TaTbl ,D,IlH HaqaJibHhlX _YCJIOBHH, COOTBeT
CTBYIOmux o6pa30BaHHIO B 3neMeHTapHOM aKTe IlHOHH3a -
U:HOHHoro KnacTepa Yo ;, 6,1 , E 0-(0) "" 4,6 I'3B. ·CxeMa'· 
npou:ecca npe,D,cTaBneHa Ha puc. I. Po.D.HBIIIHCh B T0qKe 
z o , KnacTep ,D,BH)KeTCH B H,D,pe no npHMOnHHeiiHoii TpaeKTO
PHH, yBenuquBaHch B nonepeqHhIX pa3Mepax /pacIIIHpeirne/. 
3oHa, OXBaThIBaeMaH HM B H,D,pe, o6o3Hal.feHa Ha puc. 1 
IIITPHX0BaHHbIMH npHMblMH. 

Ha puc. 2 rpalj;luqeCKH npe,D,CTaBneHbl perneHHH CHCTeMbl 
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ypaBHeHHH /6a,6/ .n;m1 cpyHKl.J;HH ti.71(g) u K(e).3HaqeHHe 
e "' 2,5 COOTBeTCTByeT JJ.HaMeTpy TJDKenoro Jl,D;pa cpoTo-
3MYilhCHH. IloTepe :rnepruu (). E "' 3,7 I'3B Ha puc. 2 co
OTBeTcTnyeT 3HaqeHue ti.71 (g) "' 0,8 u, cne.n;onaTen1,Ho, 
e"' ~22. 3TOH BenuqnHe Il0Tepu 3HeprHH C00TBeTCTByeT 
Macca "06poc111ero" KnacTepa E 0 (,;) "'E 0 (0) •K (g) ,,,E0(0)2,5. 
Tor.n;a JJ.IlJI qucna 3apH)KeHHhlX 'fl -Me30H0B, o6pa:ioBaHHhIX 
6naro.n;apH pacna~y TaKoro KnacTepa 3a npe.n;enaMn HJJ.pa, 
HMeeM /CM. IlOJJ.p06HOCTH B /l, 2//: . .· . 

n '= n • K ( g) = 18( ( n ) "'KCII "' 17) 
s spp s "' • /10/ 

- B xopomeM cornacuu c 3KcnepnMeHTOM. 

HeTpy.n;Ho onpe.n;ennTh nonoBHHHhIH yron s -qacnm. OH 

CBH3aH c y -cpaKTopoM noTepJ1B111ero· 3Heprmo ti. E II ynenu
qunmero cnoIO Macey B K ( [) pa3 KnacTepa, pacna.n;arow:ero
CH 3a npe.n;enaMH H,npa, COOTHOlllemfe"M: 

(s) 2 - -1/2 
arc tg 0 l/

2 
= 0,95 (y (fl - 1) , /11/ 

r.ne, oq~BHJJ.H0 /cM. /7//: 
-

Y (fl = TJ (fl /K (fl /12/ 

IlpocTaH ou;eHKa .n;aeT: • 
( s) 

0 
( s) o 

0 "' 29 ( ( {) j ) 8KCII "' 30 ) ' 
l /2 l · 2 • /13/ 

qTo TaK)Ke xopomo cornacyeTcH c H3MepeHHoii nenuqu-
v e ( s l · . 

HOH l/2 • · ; ·.. . 
BoJHHKaeT HHTepeCHhlH Bonpoc O CBJ13H Me)KJJ.Y ceqelinH

MH rrpou;ecca "nonHoro pa3nana" u napu;uanhHhIM ceqeHneM 
o6pa3oBaHHJI IlH0HH3al.J;H0HHoro KnacTepa B 3IleMeHTapH0M 
aKTe. 3Ty CBJ131, M0)KH0 ycTaH0BHTh cne.n;yIOll.J;HM o6pa30M. 
Ilpe)K.n;e ncero 3aMeTHM, qTo noTepHM :rnepruu. L\E=3,7 I'3B 
co0TBeTCTBYIOT 6on1,111ue npo6eru KnacTepa"' 9 (JM. Cne.n;o
naTen1,Ho, M0)KH0 orpaHnqHThCJI paCCMOTpeHHeM cnyqaeB 
p0)K,ll;eHHJI KnacTepa B T0qKaX z O B6nH3H nepe,ll;Heii rpaHH
l.J;hl H,ll;pa. MHO:>KeCTBO ToqeK zo' ,ll;IlJI KOToporo ti.E=3,7 I'3B, 
06pa3yeT 3cpcpeKTHBHyro 30HY c 061,eMoM V. Ha puc. 1 
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0Ha 3allITPHX0BaHa. Tor,11.a HMeeM: 

a· · "'· p • a • V,· 
rronH. pa3B. . rr.K. /14/ 

r,11.e arr.K. - napu;uan1,Hoe ceqeHne o6pa30B~Hni nn0Hu-
3au;n0Httoro KnacTepa. 

IloHCHHM u,11.ero n1,1qucneHHJ1 V. HeTpy.n;Ho y6e.n;HTbCJI, qTo 
3cl>4ieKTHBHaJ1· 30Ha orpaHnqeHa C 0,11.HOH CTOpOHbl nepe.n;Heii 
rpattnu;eii HJJ.pa, .n;nH KOTopoii z 0 in ( b) ,,;,_ JR 2 - b 2 , a c 
.n;pyroii - aKcuanbHO. CHMMeTpnqHoii IlOBepXHOCThIO, JJ.nH 

v max /R~b2 
KOTOpou z o = \ - -a o • KnacTepbl, po)KJJ.eHHhle Ha 
IlOBepxHOCTH ceMeHCTBa: 

za(b) = -JR2-b2 -·a, /15/ 

TepHIOT· O,11.HHaKOBYIO 3Hepruro, TaK KaK BX nyTb B aew:ecTBe 

0,11.HHaKOB H paBeH a. 3cl>cl>eKTHBHaJI 3OHa /cM. puc. 1/ BMeeT 

cpopMy IlHH3hl, 061,eM KOTopoii paBeH: . 

h'm. z a ( h) · 4 3 2 
V=2'flf bdb f· dz'=-3 "R +__!!._a 3 -"aR , /16/ 

0 . 12 z min 
0 

b m - . 3Ha'lettue npuu;enbttoro napaMeTpa, JJ.nH KOToporo 

z tn ( b m )' = z a ( hU:) • Ji 

dV 
BenuqnHa da da eCTb 3neMeHT 061,eMa, cooTBeT-

CTByrow;uii noTepe ti. E. Ilo3TOMY npu ycpe.n;HeHuu no 3cpcpeK
THBHoii 30He IlOTepro. 3Hepruu cne,11.yeT 6pa Tb C Be COM: 

a 2 
2 

d V / d a = " ( 4 - R }. 
/17/ 

,lJ,nH 6onee npocToro pemeHHH 3a.n;a-qu oKa3bIBaeTcH y.n;o6HbIM 
nepeiiru K Iionoii nepeMeHHoii f3 = 2 R - a-. YpaaHeHue JJ.riH 
f3 = f3 0' onpe.n;enHIOll.J;ero IlOBepXHOCTb .. z ~ax ( b) ' BbI60p 
KOTopoii o6ecne'IHBaeT 3a~aHttoe 3Haqettue cpe,11.Heii 3Hep
ruli ti. E, M0)KHO 3anuca Tb B im.n;e: ·· 

f3o .. 2' . 

f. .df3(Rf3.'..~)(ti.E('f3) - ti.E) 
0 4 

o. /18/ 

13 



IlocKOnLKY npH 6onLWHX L.\E (3/2R Mano, H KpOMe.'ro.ro 
L.\ E (/3} MO:>KHO nHHeapH30BaTL., ypaBHeHHe npH6nH:>KeHHO 
pewaeTC.fl. 3TO Il03BOnHeT Bhlpa3HTh 06beM V qepe3 L.\ E • 
He OCTaHaBnHBa.flCh •Ha. rpoM03JJ.KHX BhIKna,nKax, ·npHBeJJ.eM 
OK~~q~TenLHhIH peJynLTaT: BMec~o /14/ HMeeM: 

d ... ,;,;l,l2•rrRp~'an.k.:.~ 2(i-Lr, . /19/ 
.nona.pa3Ban .. . . 4R · 

r_.ne - · · 3 E (O) 
/1 = 2R - a = 2R - v--- l ( L.\ TJ), L.\ TJ = L.\ E IE ( O) • 

. ·. . rrp l -- . , -

Ha pu~. 2 3Hat.ie:riHIO f( L.\71) COOTBeTCTByeT f. C noMOll\hlO 
COOTHOWeHH.fl /19/ H H3MepeHHOro. :rna~~HH.fl_ airo~H.p83Ban 
HeTpy,nHo ycTaHOBHTh, qTo a n.K~ "" 0 ,3 a NN . 3Ta. 
oueaKa He npOTHBOpe'IHT JJ,aHHhIM, BhITeKaIOll{HM H3•aHanH3a 
a ~n:N npu EP = 70 I':JB Ha eo,nopo,nHoii MHWeHH / 13 /. Oqe
BHJJ.HO,. qTo nony'leHHoe. 3~aqeHHe a n.K. onpe.neneHo 
rpy6o, TaK KaK· CBeJJ,eHH.fl O.BenH'IHHe. t-.. E BeCLMa_npu6nu·
:>KeHHhl. O.nnaKo MO:>KHO yTBep:>K,na Ti., 'ITO B uenoM Kap_THHa. 
OKa3LIBaeTC.fl nenpOTHBOpe'IHBOH. 

Cne.nyeT 3aMeTHTL, qTo B : Ha6mo.naeMLiii npouecc· He 
JJ,aeT BKna.na .nuclipaKUHOHHhIH MeXaHH3M pO:>KJJ,eHH.fl KnacTe
pa., TaK, KaK B . :HOM cnyqae Yo . -eenuKo·, I\ E - Mano .. 
HeeenuKo H qucno n s. Manhlii BKna,n .naroT TaK:>Ke KnacTepL1, 
06pa3oea1111L1e npu K NN "" 1. 11x napuuanLHoe ceqenue 
B HeCKOilhKO .pa3 MeHLWe. 

3.2. "lloAHbtil pa3eaA" npu E p,·=,9,6 I':JB. 

11 B '.HOM cnyqae JJ.HciipaKUHOHHhIH MexaHH3M o6pa30Ba
HH.fl KnacTepa He MO:lKeT JJ,aTh BKna.na a na6nro.naeM_hIH 
npouec.c. c -.u.pyroii .• cTOP..OHLI, JJ.BH:>KeHHe _KnacTepa, .o6pa~ 
3QBaHHOrO IlYTeM IlHOHH3aUHH . HnH o6pa30BaHH.fl IlO._IlHOif 
CTaT. CHCTeMhl xapaKTepH3yeTC.fl .no·peuu-ciiaKTOpQM. Yo = 
y c.u.lI. .nnH ·P - N. O.D.HaK_o npa E p =· 9~6· I':JB. •Yo"" 2,35, 
a ero cpe,nHee 3naqeHBe. no nyTH KnacTepa .B H.npe e.J.Ue 
MeHLWe ( y < 2) • Cne,noBaTenLHO, pOCTOM Macchi KnacTepa 
a nepBOM IlpH6nif:>KeHHII MO)KJ{0 npeHe6peqh. 3TO npHBeJJ.eT 
K owu61<e B qncne s -qacTHU, He npeehlwaroll{eii 1. IloJTOMy 

14 

ypaBHeHBe /66/ MO:>KHO He yqHTLIBaTL. Tor.na BMeCTO 
CHCTeMLI /6a,6/ cne,nyeT pewaTL ypaBHeHHe /6a/, K0Topoe 
B .naHHOM cnyqae y,no6Ho 3anucaTL B BHJJ.e: 

dy 

df 

t 
=-[s + I . 0 

0 

dg' 2 -========= ] . V·Y 2 (f') - 1 /20/ 

Ero peweHHe MO:>KHO HaiiTH B BHJJ.e pH,na no CTeneHHM t 

y(fl = 2 aJi 
i = 0 /21/ 

KoJcliciiHl.{HeHTLI B /21/ Bhlpa:>KaIOTCH qepe3 s
0 

H y
0

• Ilpu-
ee,neM nepBLie TpH KOJciitl>HUHeHTa: 

ao = Yo ' 
2 

a 1 = -so , a 2 = s O / ( Vy 02 - I}• /22/ 

,,-

CXOJJ.HMOCTh pH,na /21/ 0Ka3LIBaeTC.fl BnonHe YJJ.OBneTeo
PHTenLHOH; 0.nHaKo, C ciiH3HqecKoii TO'IKH 3peHHH, peweHHe 
/21/ He oTpa:>KaeT eceii KapTHHM pa:rnHTHH npouecca • .l(eii- · 
CTBHTenLHo, TaK KaK Yo Mano, a pacmupeHue KnacTepa 
npOHCXOJJ.HT C OKonocBeTOBOH CKOpOCThIO, OH JJ.OCTHrHeT 
pacna,nHoro pa,nuyca 6hlcTpo. B JToii CBH3H B03HHKaeT 
BOilpoc O ero .nanLHeiimeii CYJJ.L6e - pacna,naeTC.fl nu OH 
B npe,nenax HJJ.pa? Ilo Hallie My MHeHHIO, TaKyIO B03MO:>KHOCTh . 
cne.nye'r OTBeprHyTL. 

·· 06pa3oeaHHL1ii npu E p := 9,6 I':JB KnacTep o6na.naeT 
cpaBHHTenLHO He6onLwoii BH~TpeHHeii 3Ueprueii. IlOJTOMY 

.·. BenH'IHua .BHyTpeHHero .naeneHHH B HeM Ha npe.npacna.nuoii 
CTaJJ,HH BnonHe MO:>KeT 6LITh ypaBH0BellleHa "npoTHBOJJ,aBne -
HHeM" . BCTpequoro IlOTOKa HJJ.epnLIX HYKnouoB. O'leBHJJ.HO, 
B 3THX ycnOBH.flX KnacTep, pacwHpHBWHCh JJ.O HeKOTOporo 
3Ha'leJIHH pa.nuyca r k, - Ha30BeM ero paJJ.HYCOM KBa3HCTa
UHOHapuoro · cocioHHHH - 6y,neT .l.{BHraTLCH B nell.{ecTne, 
npaKTH'leCKH. He H3MeHH.fl CBOHX pa3MepoB, H nepe,I.{aBaTL 
'lac.TL KHHeTH'lecKoii JHepruu HYKnoHaM OT,I.{aqu. IlonaraH, 
'ITO BHYTPeHuee COCTOJIHHe KJiacTepa ODHChIBaeTC.fl YJILTpa
penHTHBHCTCKHM ypaBHeHHeM P. = .E /3 V . , M0)KJfo 
IlOJIY'IHTh cne,I.{yIOU.{YIO oueHKy .l.{JI.fl r k : 
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rk 

Eo 

"' r O [ ( 2 TT P < q> c r ~ 
2/5 

) + 1/2]. /22/ 

Tor.n;a ,IJ;BH)KeHHe KnacTepa B TaKOM KBa311CTaUIIOHapHOM 

pe)KIIMe IlO,[J,qHHHeTCH ypaBHeHHIO: 
cly 2 3 TT pl 
-- = - s k ; sk = r k V df E0Wl 

PerneHHe ypaBHeHHH /23/ B pa3MepHbIX nepeMeHHbIX: 

i\E = U • (z-'- z 0 ) - Q • 

/23/ 

/24/ 

KoncTaHTbl U II Q OTbICKHBaIOTCH H3 ycnOBIIH ClllHBaHHH 
peIDeHIIH /21/ ll /24/ B TOqKe -f k, ,IJ;IlH KOTOpOH r( f k) = r k : 

3 TTP< 

~ ;: ro V E - (0) 
k O 

Eo 
2 1 [ (---_ 3 VY o - 2TTpc <q>ro 

2/5 
) - 1/2]. 

/25/-

Ha puc. 1 3ona, nepeKpbrnaeMaH KnacTepoM, cxeMaTuqecKH 
ll.306pa)KeHa WTp11x-nyHKTllpHblMH IlllHHHMH. Ben11qu11a JJ, 
/cM. /19// B :noM cnyqae HMee-r n11.n;: 

f3 2R-(~E+Q)/U. /26/ 

AuanH3 perne1mii noKa3bIBaeT, qTO '.)HeprHH IlHOHll3aUHOH
noro KnacTepa ne.n;ocTaToq110 .n;nH "non11oro pa3nana" H.n;pa. 
Ero MO)KeT Bbl3BaTh IlHWh KnacTep, po)KJ);eHHhIH npH KNN"' 1, 
T .e. n cny,iae 06pa3onan11H nonHOH CTaTHCTlPieCKOH CIICTe
Mhl. Tor.rta: npaBHnbHaH nenuq11na a !!0nH. pa3B. 06ecne
q11naeTCH npu arr.cT.CIICT.,Kn': 0 ,l _ a NN • 3To 3na•1e1me 
napuuanhnoro ceqemrn n 3neMenTap110M aKTe ue npoTHBo
pequT oue11KaM, npone.n;enHLIM pa.nee 112 I no .n;a1U1hIM, nony-

qeHHLIM ua no.n;opo.n;uoii Mnwen11. 
)J;nH cpe.n;neii Mnm1cecTBeHnocTn n nononmmoro yrna 

nonriaeM 3na•1e111rn /npH BL1q11cne11uH <n s > yquTLIBanacL 
,[J,OilH 3Heprun, YHOCHMaH ABYMH HYKilOHaMH - cne,D;CTDlle 
coxpanenHH 6apuonnoro qucna/: n s "" 3,5; Ois/~ ""50 °. 
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H: B 3TOM cnyqae cornacne c 3Kcnep11MeHTOM xopowee: 
(s) o · 

<n s > ,,, 4,0±0,5; (0 1 ; 2 ) ,,,53 . 

4. XAPAKTEPHCTHKHg-H b-f/ACTHa 

,D;uHaMHKa "nonnoro pa3Bana" .11.n;pa oqenL cnO)KJJa 11 
OilHCaTb ee n .n;eTan.HX Tpy.n;no. O.n;naKO MO)KJIO IlOHHTb 
ocnoBHLie qepTLI 3Toro npouecca u .n;a,Ke c.n;enaTL B rpy6oM 
npu6nH)KeHHH ouenKH p.H.n;a na6mo.n;aeMhIX nen11qun, ecnu 
nocnoni.3onaTLC.H npe.n;cTannenueM o renepauuu y,n;apnoii 
BOilllbl, paCCMOTpeHHbIM n n. 2. EcTecTnenno npH.n;ep:HamaTL
C.Sl cne.n;y101ueii: KapTHHbl. Te nyKnOHbl OT.n;aqu, IlYTb l<OTOpbIX 
B .H,n;pe ne npe:ehliuaeT A / 3ona ni.1xo.n;a KnacTepa H3 11.n;pa/, 
IlOKH,n;aIOT. ero ll ·11a'6n10,n;aIOTC.H B DH,D;e g -qacTHlJ.. OcTanh -
Hhle HYKilOHbl OT,n;aqu /HaXO,IJ;JlllJ.HeC.H B rny6nne Jl,D;pa/, CO
CTaBil.HIOT <l>POHT y.n;apHOH BOilHbl, K0TopaJI TepHeT OCHODHYIO 
qacTL cnoe·ii: :1iieprn11 Ha _paccTOHHHH, necKonLKO 6oni.weM A. 
TaKHM o6pa30M, OCTaTOK H,D;pa. 6LIC'fpo pa3orpenaeTC.H 
y.n;apnoii: nonnoii: - .n;o :1nepru11,:• npenbllllaIOllJ.eii ero 3HeprHIO 
CB.H3H, HCilbITblBaH npH 3T0M Tennonoe pacWHpenue, qTo 
B K0HeqHQM cqeTe 3aBepwaeTCH ero "IlOilllbIM pa3nanoM", 
npoHBnHIOllJ.HMC.H B nu.n;e b -qacTHU. OcnoBhIBaHCL na TaKoii 
KapTHHe, npone.n;eM 0UeHKH pH,n;"a, xapaKTepHCTHK g- H b 
qaCTHU. , 

IIononnHHLIH yron g-qacTHU paneH 
(g) TT __ ;_ /IO/ 

0 1; 2 ,,, 2 - arc sin ( __:__g_) , 
----,-- . V: K 

r,[J,e Jg"" y2<< g >/m , << i=O,13 I'.:JB, a. v,K ,,, C. Ilo3TOMY. 
Oi ~

2
-> 60 °, .H:3 npune.n;eHHor:o B1>1pa)KeHHJ1 cne.n;yeT, qTo 

3TOT yron npaKTHqeCKH He 3a13HCHT OT 3Hepruu E p. O6a 3TH 
<l>aKTa cornacyIOTCH C 3KCnepHMeHTOM. TaK KaK pa3Mep 
30Hbl BbIX0,D;a KnacTepa H3 n.n;pa npll E p = 69 I'3B 60JibWe_, 
qeM npu E P · = 9,6 ·r3B /cM. pu<::. 1/ To ,IJ;OJl)KHO ynenuqu
BaTLCH qucno <ng > /u,cJie,[J,oBaTeJlbHO,YMeHblllaTLC.H<nb>/. 
Ha6nro.n;eHHJI ne npoTHB0peqa T H 3TOMY BbIB0AY. 

~ PaCCMOTp_HM Tenepb xapa1frepHCTHKH, OTHOCHIUHeCH K 
b-qacTHUaM. lf3 c<l>opMyn11ponanHoii KapTHHLI npouecca cne
.n;yeT, qTo Ha ux o6pa3oBaHue pacxoJJ;yeTcH Ta qacTL noTepu 
3Hepruu ~ Eb KnacTepa, 1<0TopaJ1 peaJIH3yeTC.H B cep,IJ;uenuHe 
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JIApa; eii COOTBeTCTByeT npo6er nopJIAKa 4-5 (flM. 3HeprHIO 

f! E b na 3TOM yqacTI<e MO:>KHO on:eHHTI ••. HCnOilb30BaB 
pemeHHJI: , ... , .. ,1(~) /cM. puc. 2/ npn E p = 69 I'3B H /21/, 
/24/ npn E P = 9,6 I'3B. TorAa /npo6er = 4 (flM/ !!Eb 
IE p = 69 I'3B/ = 0,73 H !! Eb I E p = 9,6 I'3B/ = 1,3 I'3B. 
3TH BenH'IHHbl Tecuo KoppennpyI0T C H3MepeHHbIMH. YMeHb· 
weHHe !! Eb C POCTOM 3HeprHH o6ycnoBneHO yMeHbWeHHeM 
30Hbl JIApa, OXBaTbIBaeMOH KnacTepoM Ha 3TOM yqaCTKe 
/puc. 1/: 

y / Ep= 69 I'3B/ > y /EP= 9,6 I'3B/. 

MexaHH3M, npeAnm1<e1IHhIB naMH, no3BOnBeT paccMoT· 
peTb pe3ynbTaThl pa6oTbl / 3~ OTHOCJIIUHeCJI H K 3aKOHOMep
HOCTJIM 3HepreTH'leCKoro cneKTpa b -qacTHU:. B caMOM Aene, 
CTaAHJI pacmnpeHHJI JIApa- OCTa TKa conpOBO)l(AaeTCJI HHTeu
CHBHblM B3aHMO,!\eHCTBHeM HYKilOHOB. TaK KaK cpe,!\HJIJI HX 
3HeprHJI 7 b "' L\ E iJ<n b > "" 10-20 M3B, TO ceqeuue 
B3aHMOAeHCTBHJI MO,KeT AOCTHra Tb COTeH MHnnu6apn. Cne -
AOBaTenbHO, OHO 6y,!\eT npO,!\Qn,KaThCJI, noKa nnOTHOCTb 
HYKilOHOB ne yMeHbWHTCJI BO MHoro pa3. Pa3yMHO C'IHTaTb 
KOH<i>Brypan:neii pacnaAa paCWHpHBWeHCJI CHCTeMbl TaKylO, 
KOrAa cpemrnii CB060AHbIB npo6er HYKilOHOB OKa,KeTCJI no
PJIAKa ee AHaMeTpa. · Tor).(a rpy6a11 oueHKa noKa3LIBaeT, 
'ITO 3a BpeMJI pacwupeHHJI qucno · CTOilKHOBeHHH na HYKilOH 
V "' 10. TaKOe 3Ha'leHHe I' CBHAeTenbCTByeT, BO· nepBblX, 

'ITO K MOMeHTY pacna,!\a pacnpeAeneHHe HYKilOHOB no 3Hep-.. 
rHJIM A0Il)Kll0 npaKTH'leCKH ycTaHOBHTbCJI, H, BO·BTOpbIX, 
'ITO AilJI ero onucaHHJI MO,KHO Hcnonh30BaTb CTaTHCTHKy. 
O'leBBAHO TaK)Ke, 'ITO crieAyeT nonbJOBaTbCJI 6onbn:MauoB· 
CKOB CTaTHCTHKOB - 3HeprHJI' B036y,KAeHHJl·O'leHb BenHKa, 
a qucna 3anonneHBJ1 Manb1: Ilo3TOMY pacnpeAeneune no 
3HeprHJIM AOil)KH0 6b1Tb MaKcBenno:ecKHM: 

,, .·.· , .. '·,;.;_:•., ' . . . 2 
df(£) ~ Ay£ exp(--:.£/T)d£,, T= 3 <£b>. ;

27
/ 

Ka'leCTBeHHO pacripeAeneHHe /27 / He npOTHBOpe'IHT 3KCne
PHMeHTanbHOMY ·/B3MepeHHOMY, K CO)Ka.JieHHIO, AOBOilbHO 
rpy6o/., OTCIOAa TaK)Ke'' cneAyeT, 'ITO c yBenH'leHHeM E p 

'IHcno ·n·0~4acTHU:' Manoii ·3uepr11n B · HHTepnane O :S £ :S £ 0 , 
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rAe £ 0 - HecKonhKO M3B, AOil,KHO ynenH'IHBaThCJI. B pa6o
Te /3/ n O H3Mep11nocb B HHTepnane AO £ o -= 4 M3B. 
TaKHe qaCTHU:bI 6bmH Ha3BaHbl "noA6apbepHbIMH" /nOA'lepK· 
HeM, 'ITO B paMKax Haweii cxeMhI B cnyqae npon:ecca non
Horo. pa3aana noHJITHe 6apbepa yTpaqnnaeT cMbicn/. ,D;eii
CTBHTenhHO, AilJI 0TH0WeHHJI 'IHCna b -qacTHU B 3TOM 
HHTepnane nn11 pa3HhIX . E P c y'leToM <l>aKTa, 'ITO £ 0 cy
mecineHHO MeHbWe <f b:::; HMeeM: 

2 
9 (0 27 f 0 

no ( 1) < n b (1) > E 3/2 l - -1-0 -f-- + -5-6 ~ 
---=----(-2-) l 1 
n 

O 
(2) _<n b (2) > ;-1 1 _ _2.. ~ + 27 • __:_Q_ 

10 - 56 -2 
f 2 f 2 

/28/ 

liHAeKcaMH 1 n 2. OTMe'leHbl nenH'IHHbI, OTHOCJIJUHeCJI K 
3HeprHJIM E p =, 69 .H E p= 9,6 I'3B, cooTBeTCTBeHno. Ilon
_9TaBJIJIJI B /2!!/ 3Ha'leHHJI / 3 /<n b (1) > = 15,85, <nb(2)>=22, 
£ 1 = 11,3 , £ 

2 
= 18,7, H (0 = 4 M3B ,COOTBeTCTBeHHO, 

n_onyqaeM, 'ITO oTHomeHHe panno: 1,76. 

Ha1<011en:, '06 -yrJIOB0M. pacnpeneneHHH b - 'laCTHU:. 3K· 
cnepnMeHT yKa3hIBaeT, 'ITO OHO no'ITH H30Tponno: Ko34>4>n
uneHT aHH30Tpomiu npn6nH,KeHHO paBeH ¢"' 1,2±0,2. Mo:>KHo 
npoBeCTH. OUeHKY 3TOrO_ K034>4>.H11;HeHTa. EcnH 'IHCilO 'laCTHU, 
nenocpe,!tCTBeHHO B3aHMO,!teHCTBOBaBWHX C KnacTepoM H 
oT.rtaBwnx cnoro 311epr.u10 iia B036Y)K.rteHHe 11npa-ocTaTKa, 
paBHO n = ts E b / < £ g > , TO nepenaHHhiii eMy HMf.YJlbC 
B IlPOAOJlbHOM Han_paBJieHHH Qll"" n<qu >"' <q> cos 0 1Ji. 
Mac ca OCTaTKa = 70m, OTCIO,!ta CKOpOCTb B npononhHOM" 
HanpaBneHHH 

( g) 

v
11

=- L\E b <q>cos0
112 

/(70m <£ g >). /29/ 

Cpe.rtHJIJI cKopocTh b •qacTHU v = v 2 < £ 6 > /m • Torna 
. -•--·--- ---

K03<l><lmuneHT aHH30TponHH ¢ = (rr/2 + i/J) /(rr/2- i/J), rne 
.1/1 arcsin ( v 11 /v). IlpH E p = 9,6 I'3B t/J = 0,15, a.¢= 1,3. 
CneAOBaTenbHO, H 3TOT napaMeTp He npoTHBOpe'IHT 3KCne
pHMeHTy. 
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·5_ 3AKJIJOqEHHE ,,. 
,TaKHM o6paJoM, ;npe,rv10meHHa11 xapTHHa npouecca non-. . . . 

noro pa3pyweHHH H,Apa peJIHTHBHCTCKHM 'HYKJI0H0M 0Ka3bI· 
BaeTCH B C0CT0HHHH 06'bHCHHTb Bee ero 0CHOBHble qepTbl. 
Ona ocHoBana Ha npe.AcTaBJieHHH o ·peaJIHJaUHH xnacTepHbIX 
COCTOHHHH , a,ApOHHoro IiexuecTBa B 8.KTe irnomeCTBeHHOro 
pom,AeHHH. Ilo3TOMY peJyJibTaTbl ,AaHHOH pa6oTbl. M0)KH0 
paccMaTpHBaTb KaK ,AOilOJIHHTeJibHbIH apryMeHT B Il0Jlb3Y 
runoTe3bl B03HHKH0BeHHH a,Ap0HHblX KJiaCTepoB. 

ABTo"i)bl npHJHaTeJibHbl A.M.liaJI,AHHY, E.JI.<l>eiiH6epry, 
a Taxme yqacTHHKaM ·ceMunapo:e B JIT<l> OIUllf H TeopeTH· 
qecxoro 0T,AeJia <l>lfAH Ja ,AeTaJibHYJO ,AHCKyccmo H KpHTH· 
qecxue JaMe'laHHH. 
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