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IlpH B3aHMO,D;e:ii:cTBHH tJaCTHll B o6nacTH Bb!COKHX :rneprH:ii: 

cylJleCTBeHHYJO ponh nrpa10T ueynpyrne npoueccbI. B 3T0M cnytJae 

'IHCno BHyTpeHHHX CTeneue:ii: cno60.IJ;bl CHCTeMbl tJaCTHll, o6pa30Bau

HhlX B pe3ynbTaTe B3aHMO.IJ;e:ii:cTBHH,BenHKO, H npouecc MomeT 

6b!Tb paccM0TpeH B CTaTHCTH'leCK0M npn6nHmeHHH. O.IJ;HHM 113 

MeT0.IJ;0B TaKoro pacCM0TpeHHH HBnHeTCH aHanorHH "raJ-mn.u;

KOCTb", npe.u;nomeHHaH <l>e:ii:HMaHOM I 1 l. 
B HaCTOHIJle:ii: pa6oTe H3ytJeHbl HeK0T0pbie B03M0mHhie <PYHKllHH 

pacnpe.u;eiieHHH, nonytJaIOIJlHecH n pe3ynhTaie perneHHH ocuonHoro 

KHHeTHtJecKoro ypanueHHH .u;nH 3Toro raJa, H nyTeM cpanHeHHH 

KOppenHUHOHHbiX napaMeTp0B C 3KCnepnMeHTanhHO ua6n10.u;aeMbIMH 

3HatJeHHHMH BbIBe.u;eHbl C00TH0illeHHH Mem.u;y paJnH'IHblMH Mexa

HH3MaMH 06pa3onaHHH BT0PH'IHblX tJaCTHJl. 

<I>e:ii:11Mauonc1<aH auanorHH "raJ -·mH.IJ;KOCTb" npe.u;nonaraeT, tJT0 

BT0pH'IHble tJaCTHJlbl, o6pa30BaHHbie B npouecce B3aHMO.IJ;eHCTBHH, 

MoryT 6h!Tb onncaHbl KaK HeKOTOpb!H ra3 nnn mH.IJ;K0CTb. Ilonepeq

Hble K0Mil0HeHTbl K00p.IJ;HI!aT tJaCTHll 3Toro ra3a nponopUH0HanbHbl 

nonepetJHblM K0Mil0HeHTaM HMnynbca !pH3HtJeCKHX tJaCTHll, a npo-
* .u;onbHaH K0Mil0He}ITa K00p.IJ;HHa T paBHa HX penH.IJ;HTH T. e. 

nopeuu-uusapnaHTHOHCKOpOCTH 

(i) P;y . (i) P;z (i) .I_ fo P;o+ P;x 
'1 = --, r 2 =--; r3 = Y; = 

rr. j i rr. .l; 2 P;o -pix 

/1/ 

2 + p2 2 ½ 
rr. (p + rn ) . 
J; iy ;z 

3aKOHbl coxpaHeHHH 3HeprHH-HMnynhca .u;nH !pH3HtJeCKHX tJac

THll uaKna.IJ;bIBaJOT orpallntJeHHH Ha npo.u;onbHYJO K00p.IJ;HHaTy tJaCTHJl 

raJa. 3To nponnnHeTCH B B03HHKH0BeHHH HeKoToporo no.u;o6HH 

CTeH0K, paCCT0HHHe Mem.u;y K0T0pb!MH pacTeT nponopJlH0HanbH0 

norapH!pMY nonHOH 3HeprHH HatJanbHbIX tJaCTHJl. 

*Ilepnoe onpe.u;eneHne nopeHU-HHBapHaHTHOH CK0P0CTH - pe
IlH.IJ;HTH.nI;JnH 6bICTp0Tbl, 6binOv .IJ;aH0 H HCIT0nb30BaH0 H.~. qepHH
K0BbIM I .IJ;nH auanH3a C06bITHH B npocTpaHCTBe CKopocTeH. 
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3KcnepHMeHTan&Ho Ha6n10naeMoe orpaHHqeHHe nonepeqHoro 

HMnyJibCa BTOpHqHbIX qacTHU 3KBHBaJieHTHO CTJffHBaHHIO raJa 

B Tpy6Ky. Ilpennonara.11, qTo cpenHHJI nnOTHOCTb ¢eiiHMaH-raJa 

noCTOJIHHa, a C pOCTOM 3HeprHH yaeJIHqHBaeTCJI /norapH¢MHqeCKH/ 

JIHlllb 061>eM Tpy6KH, MOiKHO nonyqHTb nnaTO B pacnpeneneHHH 

no penH'AHTH nn.11 BTOpHqHbIX. qaCTHU. KaK HJBeCTHO, 3TO COOTBeT

CTByeT ¢eiiHMaHOBCKOH MaCU:ITafiHOH HHBapHaHTHOCTH B UeHTpan&

HOH o6naCTH Tpy6KH H rnnoTeJe JIHra 06 orpaHHqeHHOH ¢parMeH

TaUHH B6JIHJH CTeHOK. 

KaHoHHqecKa.11 ¢yHKUHH pacrrpeneneHn.11 qacTHU ¢eiiHMaH- raJa 

COOTBeTCTByeT HOPMHpOBaHHOMY pacrrpeneneHHIO no MHOiKeCTBeH

HOCTH nn.11 ¢HJHqecKHX qacTHU Pn = an I a tot , rne an -ceqeHHe 
o6paJOBaHHJI n -aTopHqHbIX qacTHU, atot - nonHoe ceqeHHe 

BJaHMoneiiCTBHJI. 

l-IJMeHeHne_BO BpeMeHH ¢YHKUHH pacrrpeneneHHJI B ¢eiiHMaH

raJe onpenen.11eTCJI OCHOBHbIM KHHeTHqecKHM ypaBHeHHeM. Co

rnaCHO npHHUHIIaM CTaTHCTHqecKoii ¢HJHKH Han6onee o6mnM /T.e. 

crrpaBennnBbIM KaK nn.11 KJiaCcHqecKoii, TaK II nn.11 KBaHTOBOii 

CHCTeMbI/ ypaBHeHHeM JIBJIJleTCJI ypaBHeHHe IIaynH / 2/, KOTopoe 

MOiKeT 6bITb JaIIHCaHO B Bnne 

dP 
. _n = _ }: [ W P - W P ], 
dt m nm m mn n /2/ 

rne wnm - BepoHTHOCTb nepexona Ja enHHHUY BpeMeHH HJ COCTOJI -
HHJI n B COCTOJIHHe m • 

B npennonomeHHH CTaUHOHapHOCTH npoueccoB H C yqeTOM 

Toro, qTo ¢eiiHMaH-raJ onHCbIBaeTCJI O'AHOH HeJaBHCHMOii rrepe-. 

Me1moii - pennnHTH, 3TO ypaBHeHHe MOiKeT 6bITb npeo6paJOBaHO 

K BH'AY 

dp 
__ n __ = 
dy 

f (I P; l ; I w;; I)' /3/ 

rne f - HeKOTOpblii JIHHeii:HbIH ¢YHKUHOHan, onpenen.11eMbIH xa -

paKTepoM BJaHMoneiicTBHJI qaCTHU B ¢eiiHMaH-raJe /B KOHeqHOM 
cqeTe MexaHH3MOM o6paJoBaUHJI BTOpHqHbIX qacTHU/. 

B&16op HaqaJibHbIX ycJIOBHii 

= {o, 
1' 

n -p 0, 

pn IFO 
n=O 

/4/ 

oqeBuneH H J~'AaH noporoM o6paJoBaHHJI BTOpHqHbIX qacTHU. 
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PaCCMOTPHM KOHKpeTHbie cnyqaH perneHHJI ypaBHeHHJI /3/. 
IlyCTb ¢eiiHMaH-raJ nOJIHOCTblO onHoponeH. Torna BepOJITHO

CTH nepexonoa B HeM OTJIHqHbl OT HYJI.11 TOJlbKO nn.11 cocenHHX 

COCTOJIHHH. IJpennonara.11 nanee, qTo 3TH BepO.IITHOCTH He JaBHCJIT 

OT qncna qacTHU B HaqaJibHOM II KOHeqHOM COCTOJIHHH, HMeeM 

a KaqecTae perneHH.11 ypaBHeHH.11 /3/ pacrrpeneneHne IlyaccoHa 

p 
n 

(g 2y) n 
= M _n_!_ e 

-g2y 
M /5/ 

rne y - nonHa.11 peIIH'AHTH, a nOCTOJIHHaJI . gi _nporropUHOHaJibHa 

aepO.IITHOCTH nepexona HJ COCTOJIHHJI c ri-1 qacTHUaMH B COCTOJI -

Hile C n qacTHUaMH . 

JlerKo BH'AeTb, qTo nneanLHLiii ¢eiiHMaH-raJ .11an.11eTc.11 aHa

noroM MYJibTHnepu¢epuqecKoii MO~eJIH C KOHCTaHTOii CBJIJH pen-

meoH-penmeoH-qacTHUa, _paBHoii g M • . . , . 

IlpennonomHM Terrep&, qTo aepoHTHOCTb rrepexona Memny 

co_cenHHMH COCTOJIHHJIMH IIpOIIOPUHOHaJibHa qffcny qacTHU B Ha

qanbHOM COCTOJIHHH, T.e. 

wn-1,n - g
2 

(n-1). 
p 

Torna perneHHeM ypaBHeHHii /3/ .11an.11eTc.11 pacrrpeneneHHe 
2 . 2 

/6/ 

-gPY -II Y n. 
P = c ( 1 - e P J • /7 / 

n 

TaKa.11 CHCTeMa onHCbIBaeT IIpouecCbl ¢parMeHTau1rn c KOH

CTaHTOii CBJIJH gg nn.11 aepllIHHbl, BKJ110qa10meii TpaeKTOPHIO IIo

MepaHqyxa. 

EcnH. ito6aBHTb a rrpaByIO qacTb COOTHOllie,HHJI /6/ qneH, 

He JaBHCJIII.{Hii OT n, T. e. IIOJIOiKHTb 

2 2 W l - g (n-1) + gM ·; 
n- ,n .,P 

/8/ 

TO rrpuxonuM K cneny10meMy pacrrpeneneHu10: 

-g2y -g2Y 
p = e M . ( 1 - e P ) n ( n ! g2 n 

n . P 
- 1- [ 2 2 · 2 ) gM (gM+ gp) ... 

/9/ 
2 2 

... (gM +(n-l)g ) ] 
. • p 
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KOTOpoe BKmoqaeT .nna MeXaHH3Ma o6pa30BaHHH qacTm~: MYJihTH

rrepmpepn'leCKHH H q,parMeHTaUHOHHhIH. 

HHTepeCHO OTMeTHTh, '!TO CHCTeMa B 3TOM CJiy'lae ,nnyxq,a3Ha. 

O,nHa H3 q,a3 3To n.neaJihHhIH ra3 /MyJihTHrrepnq,epnqecKoe 

o6pa30BaHne/ C ypaBHeHHeM COCTOHHHH 

rrY=<n> /10/ 

/r.ne IT - ,nanJieHHe, < n> - cpe,nHHH MHO)KeCTBeHHOCTh/, a BTOpaH 

- HeKOTopaH ")KH,nKOCTh" C ypanHeHHeM COCTOHHHH 

rrY=En<n>. /11/ 

YpaBHeHne COCTOHHHH ,nJIH TaKoil: ,nnyxq,a3HOH CHCTeMhl MO)KeT 

6hITh 3anncaHo n nn.ne 

rrY=<n>En<n>. /12/ 

Pa3JIH'!He B ypanHeHHHX COCTOHHHH eCTh CJie,ncTBHe Toro, 

'!TO ,nJIH MYJihTHrrepntpepH'leCKHX npoueccon Ba)KHhIM CBOHCTBOM 

HBJIHeTCH q,aKTOp113yeMOCTh no 3HeprHHM no,ncncTeM, Tor,na KaK 

,nJIH rrpoueccon q,parMeHtaunn xapaKTepna a,n,nHTHBHOCTh no 3THM 

3HeprHHM. 

PaccMOTpHM HeO,nHopo,nHhlH q,eil:HMaH- ra3. Teneph pa3peIIJen

HhJMH HBJIHIOTCH nepeXO)J;hl He TOJlhKO Me)K,ny coce,nHHMH, HO 

H 6onee'oT,naJieHHhIMH COCTOHHHHMH. B npocTeil:rueM cnyqae 3TO 

6y,nyT COCTOHHHH, pa3JIH'la10mnecH Ha o,nHy H .nne '!aCTHUhI, Kor,na 

ypanHenne /3/ MO)KHO 3arrncaTh n nn.ne 

dPn 

dy 
-g2 

M 
(P 

1 2 
-P )+-g (P + P 

2 
- 2P ) 

n-1 2 R n n- n -1 • n 

PeIIJeHneM ero HBJIHeTCH pacrrpe,neneHne 

2 1 2 
-gMy +2gRY 

p 
n 

=e 

n 

(-1..~y)T. 
2 __ Hn 

n! 

g2Y -g2y 
( M R ), 

V -2g2 y 
R 

/13/ 

/14/ 

r,ne H n - IIOJIHHOMhl 3pMHTa /ecJIH y'leCTh HeKOTOpoe pa3JIH'!He 

B onpe,neJieHHH KoppeJIHUHOHHhIX napaMeTpon, TO 3TO pacnpe-¾1e -

Hne conrra,naeT c pacrrpe,nenenneM, nony'leHHhIM M10nnepoM /. 

6 

.. 

~ 

nerKO BH,neTh, '!TO ,naHHaH CHCTeMa, "q,eil:HMaH-ra3 C napHhlM 

B3BHMO,neil:CTBHeM", 3KBHBaJieHTHa y'leTy BKJia,na B MYJihTHnepn

q,epnqecKoe o6pa30BaHHe OT .nnyxqacTH'IHhlX Me30HHhlX pe30HaHCOB. 

TaKHM o6pa3oM, $JIIOKTyaunn n q,eil:HMaH-ra3e ecTh aHaJior o6pa-

30BaHHH BTOPH'IHhlX '!aCTHU 'lepe3 pe30HaHChl. 

IJpe,nrroJiaraH BCe 6oJiee CHJihHOe OTKJIOHeHHe q,eil:HMaH-ra3a 

OT n,neaJihHOro, MO)KHO yqecTh B03MO)KHhIH BKJia,n B Heynpyrne 

npouecChl OT MHOro'!aCTH'IHhlX Me30HHhIX pe30HaHCOB. 

CpanHeHHe c 3KcnepnMeHTOM pacrrpe,nene1mil: no MHO)KeCTBeH

nocTn, nonyqa10mnxcH npn pa3JIH'IHhIX npe.nnoJIO)KeHHHX o xapaK

Tepe B3aHMO,neil:CTBHH B q,eil:HMaH-ra3e, CHJihHO 3aTpy,nneHo TeM, 

'!TO TaKne pacnpe,neJieHHH ,nJIH Han6onee HHTepecHhIX cnyqaen 

Hen,neaJihHOrO ra3a HMeIOT .noBOJihHO CJIO)KHYIO q,opMy. 

noJiee y,no6HhIMH B 3TOM OTHOIIJeHHH HBJIHIOTCH KoppeJIHUHOH

Hhie napaMeTpbl. 3TH napaMeTpbl CBH3aHbl C BHpHaJihHhJMH K03(p

<l>nuneHTaMH q,eil:nMaH-ra3a n on11chrna10T, TaKHM o6pa30M, ero 

OTKJIOHeHne OT n.neaJihHOCTH. qepe3 MOMeHThl pacnpe,neJieHHH no 

MHO)KeCTBeHHOCTH aHaJIOr KOH(pHrypaUHOHHhlX HHTerpaJIOB B 

p~aJihHOM ra3e - KOppeJIHUHOHHhie napaMeTpbl Bbipa)KaIOTCH CJie -

,nyIOJUHM o6pa30M: 

f 1 = I n Pn = < n>, 
n 

f = ... 
2 -

n (n-l)P 
n n 

2 . , 2 
- ( I n P ) = < n (n-1) > - < n >, 

n n 

13 =In(n-l)(n -2)P 
3 /15/ 

-3(I nP )::in(n-l)P +2(InP )= 
n n n n n n n n 

3 
=< n(n-l)(n-2)>-3<n><n(n-1) >+·2<n>. 

y ,no6CTBO pa60Thl C KOppeJIHUHOHHhlMH rrapaMeTpaMH 3aKJIIO'la -

eTCH eme n n TOM, '!TO ,nJIH Bhl'IHCJieHHH HX HeT Heo6xo,nHMOCTH 

3HaTh IPYHKUHIO pacnpe,neJieHnH, nocKOJihKY H3 ypanneHnil: /3/ 
H3BeCTHhIM npneMOM MO)KHO nOJIY'IHTh 6onee rrpOCThie ypaBHeHHH 

,nJIH MOMeHTOB pacnpe,neJieHHH HJIH _na)Ke ,nJIH KoppeJIHUHOHHhlX 

napaMeTpon. 

O6mee none,neHne KoppeJIHUHOHHhIX napaMeTpon onpe,neJIHIOT 

B OCHOBHOM MexaHH3Mhl o6pa30BaHHH BTOPH'IHhlX '!aCTHU. KpoMe 

Toro, HeKOTOphIH BKJia,n B Hero ,naIOT TaK)Ke 3aKOHhl coxpaneHHH 

3Heprnn-nMnyJihCa. KaK H3BeCTHO, cne,nCTBHeM 3THX 3aKOHOB 

HBJIHeTCH KOHe'!HOCTh HOpMnponaHHOro pacnpe,neJieHHH no MHO

)KeCTBeHHOCTH H OTpnua TeJihHhlH BKJia,n B KOppeJIHUHOHHhie napaMeT-
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pbl qeTHOrO rropH,nKa / COOTBeTCTBeHHO rronOiKHTenbHbJH -. B MOMeH
Tbl HeqeTHOrO rropH,nKa/ - TaK Ha3bIBaeMbie .. KHHeMaTnqecxne 
KOppenHUHH. B ,nanbHeiirneM Mbl He 6y.neM KacaTbCH KHHeMaTnqec
KHX KoppenHUHH, a o6cy,nHM IIOBe,neHHe KoppenHUHH, BO3HHKaIOIUHX 
rro.n ,neiiCTBHeM Toro HnH HHoro MexaHH3Ma 06pa30BaHHH BTOpHqHbIX 
qacTHU HllH B pe3ynbTaTe o6~e,nHHeHHH HeCKOnbKHX MexaHH3MOB. 

IlepBbIH KoppenHUHOHHbIH rrapaMeTp, cpe,nHHH MHOiKeCTBeHHOCTb 
BTOpHqHblX qacTHU, BbiqncneHHblH ,nnH pa3nHqHblX THIIOB B3aHMO
,neHCTBHH B qieiiHMaH-ra3e, HMeeT cne,nyIOIUHH BH,n: 

n,neanbHbIH qieHHMaH-ra3 /MynbTHrrepnqiepnqecKHH MexaHH3M 
o6pa3oBaHHH BTOpHqHbIX qacTHU/ 

f =15 2 Y=a l'nS +b
1 

; 
1 M 1 

qieHHMaJI-iKH,nKOCTb /qiparMeHTaUHH HaqanbHbIX qacTHU/ 
g2y 

f 
1 

= e P - J = C S at· 2 :·; 

/16/ . 

/17/ 

,nByxqia3HaH CHCTeMa "n.neanbHbIH ra3 + iKH,nKOCTb'JMynbTHIIe
pnqiepnqecKHH MeXaHH3M H qiparMeHTaUHH/ 

g2 g2Y a
1 

f =__.M.._(e P -l)=c
3

S +b
3 1 2 · 

gv 
/18/ 

qieHHMaH-ra3 C rrapHbIM B3aHMO,neiicTBHeM /MynbTHrrepnqiepn
qecKHH MeXaHH3M H pe3oHaHCHOe poiK,neHHe/ 

f
1
=(B!+gi)Y=a41'nS+b4 ,· /19/ 

,nByxqia3HaH CHCTeMa "HeH,neanbHbIH ra3 + iKH,nKOCTb" /Mynb-
THIIepHqiepnqecKHH MexaHH3M, qiparMaHTaUHH H pe3oHaHCHOe poiK
,neHHe/ 

f 
1 

2 2 ( 2 
(g +152 BM gp-gt)Y 

M R )~ y (e 
g2 p -1)= 

a_, 
= c5 (l'nS) S +a sl'nS + bs ; 

/20/ 

CHllbHO Hen,neanbHblH qieiiHMaH-ra3 /MYllbTHIIep}lqiepnqeCKHH 
MexaHH3M H o6pa30BaHHe THiK7llbIX Me3OHHbIX pe3oHaHCOB/ 

2 2 2 
f = ( g +g + g + ••• )= a

6 
fn S + b

6 
.-

1 M R1 ~ 

8 

l 
.i 
I 

! 

~ 
(l 
r 

Pe3ynbTaTbl cpaBHeHHH TeopeTnqecKHX 3HaqeHHH'' K03qlqJHUH· 
eHTOB a. , b J , C; H a. C BbiqncneHHblMH H3 3KCIIepHMeHTanbHbIX 
,naHHblX ~HaqeHHHMH / 4 / IIpHBe,neHbl B Ta6n. 1. Y,noBneTBOPHTenbHOe 
cornacne Ha6nIO,naeTCH rroqTH .nnH Bcex Mo,neneii, xoTH 1;exOTopoe 
rrpe,nrroqTeHne cne,nyeT OT,na'i'i, ,nByM rrocne,nHHM BapnaHTaM. 

lionee KpHTnqecKHM ,nnH BbI6opa MO,nenn HBnHeTCH IIOBe,neHHe 
BTOporo KoppenHUHOHHOrO rrapaMeTpa. IlocxonbKY pa.3Hble MO,nenH 
,naIOT pa3HYIO 3aBHCHMOCTb BTOporo KoppenHUHOHHoro rrapaMeTpa 
OT 3HeprHH, TO uenecoo6pa3HO BblpaiKaTb iTOT rrapaMetp KaK 
qiyHKUHIO OT rrepaoro, ycTpaHHH TeM caMbIM u:eo,IlHOpo,nHOCTb 
MaCIIITa6a *. 

,ll;nH n.neanbHOro ra3a BTOpoii KOppenHUHOHHblH . rrapaMeTp 
/xax H Bee Iiocne,nyIOIUHe/ paBeH HynIO. 

B qieiiHMaH-)KH,IlKOCTH KoppenHUHOHHbie rrapaMeTpbl "OTJIHqHbl 
OT HYllH a nio6oM rropH,nKe n paBHbi 

- 2 - - m 1
2
-= (! 1 ) , Em =r (m-2;-1)(!

1 
), /21/ 

r.ne r(m-2;-1) - HerronHaH raMMa-qiyHKUHH. 

,ll;nH ,nByxqia3HOH CHCTeMbl, "n.neanbHblH __ _ra3 + ~H,nKOCTb" 
o6mee IIOBe,neHHe aHanornqHo cnyqaIOiKH,nKOCTH, HO K03qlqJHUHeHT 
rrepe.n COOTBeTCTBYIOIUeii CTeIIeHblO r; B _m -oM KOppenHUHOHHOM 
rrapaMeTpe HeCKOllbKO H3MeHHeTCH. 

YqeT rrapHoro B3aHMo,neiicTBHH B qieiiHMaH-ra3e ,naeT nnHeH7 
HbIH IIO f_t- BKna,n BO BTOpOH KoppenH:UHOHHblH rrapaMe.Tp. IlapaMeT
pbl 6onee BbICOKoro IIOpH,nKa paBHbl HynIO. lionee CHllbHOe OTKno
HeHHe OT n,neanbHOCTH rrpHBO,nHT K OTnHqHbIM OT HynH KoppenH
UHOHHbIM rrapaMeTpaM BIIllOTb .no HeKOTOporo /KOHeqHoro/ rropH,n
Ka. Ilocne,nHHH OTnHqHbIH OT HynH KOppenH:UHOHHblH. rrapaMeTp 
f; rrpe,ncTaBnHeT co6oii nn~eiiHyIO qiyHK:UHIO OT f ;;_,_ /nnn, 1.no 
TO iKe caMoe, rronHHOM no f 1 cTerreHH k /. · • 

)];nH ,nayxqia3HOH CHCTeMbl "ra3 C rrapHbIM B3aHMO,neiiCTBH-
eM + iKH,nKOCTb" KoppenHUHOHHbie rrapaMeTpbl MoryT 6bITb rrpe,n
CTaBneHbl B BH.ne 

m m-1 
fm=Amft+Bmfl , /22/ 

T.e. o6na,naIOT 3aKOHOMepHOCTHMH, xapaKTepHblMH ,nnH o6enx qia3. 

* Ilo TeXHHqecKHM coo6paiKeHHHM Mbl rrepeii,neM TaK)Ke OT 
II1j,paMeTpOB Em ,nnH Bcex 3apHiKeHHblX qacTH:U K rrapaMeTpaM 
r;;, ,lJ.lIH OTPHtiaTenbHO, 3apHiKeHHblX qacTHU: tr= L (f1 -2) ; 
li = - (f 2 -. f 1 + 4). Taxoe nnHeiiHoe rrpeo6pa3oBafine He oTpa
iKaeT't:H Ha o6meM IIOBe,neHHH KoppenHUHOHHblX rrapaMeTpOB, HO 
H3MeHHeT ace MaCII1Ta6b1. 
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lfa 3KcnepnMeHTanbHbIX ,naHHbIX B o6nacTH 10-300 r3n/c 

.nmr Koppen»UH0HHblX napaMeTp0B M0)l{HO C'IHTaTb ycTaI~onneHHblMH 

cne,nyromne ¢aKTbI: 

a/ KoppenHUHOHHbie napaMeTpbl .no BeCbMa BbIC0Koro nop»,nKa 

OTilH'IHbl OT HYilH, 

6/ coce,nHne Koppen»UHOHHbie napaMeTpbI HMeIOT npoTHB0IT0-

Il0)l(Hbie 3HaKH, 

n/ Koppen»unoHHbie napaMeTpbI, KaK ¢ynKu1m OT cpe,nHeii 

MH0)KeCTBeHH0CTH, HMeIOT Il0ilHH0MHailbHYIO 3aBHCHMOCTb /.nn» 
HeCKOilbKHX nepBblX nop»,nKoB/. 

K C0)KaneHHIO, C poCT0M nopH,nKa KOppenHUH0HHbie napaMeTpbI 

CTaHOB.ffTCH nee 6onee 'IYBCTBHTeilbHblMH K OWH6KaM 3KCnepn

MeHTa, Il03TOMY TO'IHblH xapaKTep 3aBHCHM0CTH lm OT f 1 .nn» 
6onee Bb!COKHX nopH,D;K0B B HaCTOHIUee npeMH ycTaHOBHTb Henb3.!I. 

3KcnepnMeHTanbHbie 3HatieHHH f 2- ,nnH pp -pacce.!IHH.!I B 06-

nacTH HatianbHbIX nMnynbcon 10-300 r3n/c Isl npnne.nenbl Ha 

pnc. 1. KpHBaH, noKa3aHHaH Ha 3TOM pHCYHKe, HMeeT BH.ll: 

f - = 0 33 ( f - ) 2 
- 0 59 f -

2 ' 1 ' 1 
/23/ 

H npe,ncTannHeT co6oii TeopeTH'leCKoe 3Ha'-lenne f 2-, BbitIHcnenHoe 

,nnH CHCTeM: "CHilbHO Hen,neanbllb!H ra3" H "ra3 C napHblM 

B3aHMO.lleHCTBHeM + )KH,llKOCTb". 

3KcnepHMenTanbHbie 3HatieHH.!I 12- .I\JlH TT p - gacceHHH.!I B 06-

nacTH HatiailbHbIX HMITYilbCOB 10-50 r3n/c l 61 IlpHne,ueHbl Ha 

pHC. 2. TaM )Ke noKa3aHa TeopeTHtiecKa.!I KPHBaH, Bbl'IHCnenHal! 

.nn.11 CHCTeM npe,Ubl.llYIUero cnytia.!I. 11.cxo.n.11 H3 3THX ,naHHbIX, 

MO,KHO BbI,UenHTb B TT p - B3RHMO,D;eHCTBHH HeKOTOpb!H 3(p(peKT 

HatiailbHblX tiaCTHU, KOTOPbIH npHBO.llHT K CMeIUeHHIO KpHBOH B uenoM 

([ 1-) = ( f 1- ) P + 0,3 , /24/ 
TT p p 

Ho He Men.11eT ee o6mero BH,na *. 
3KcnepnMeHTanbHble 3HatieHHH f; ,un.11 p p • pacce.11HHH n o6na

CTH naqanbHb!X HMilYilbCOB 10-300 r3e/c npHBe,D;eHbl Ha pnc. 3 • 

TeopeTntiecKa.11 ¢YHKUH.!I 13 .nn.11 cHcTeMbI "ra3 c napHbIM B3aHMo

.ueiicTnneM + )l{H.llKOCTb" HMeeT BH.ll 

1;=0,221;(1; -1,6)(11- -3,75) /25/ 

/KPHBa.11 IlOKa3aHa Ha PHC. 3/. TotIKa, OTHOCHIUaHC.11 K HatianbHOMy 

HMilYilbCY 200 r3n/c, ITO-BH.llHMOMY, yKa3bIBaeTHaHeo6xo,nHMOCTb 

ytieTa npH 3THX 3HeprH.!IX He TOilbKO .llBYXtiaCTH'IHblX pe3oHaHCOB. 

* O6'b.!ICH.!leTC.!I 3TO TCM. 'ITO B TT p -nJaHMO,UeHCTBHH BepO.!!T • 
HOCTb o6pa30BaHHH Me30HHbIX pe30HaHCOB ,llOil)l(Ha 6b!Tb HeCKOilb· 
KO 6onbwe, tieM B p p-B3RHMo,neiicTBHH. 
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TaKHM o6pa30M, HMe_romnec.11 n nacTo.11mee npeMH 3Kcnepn

MeHTanbHbie ,UaHHbie M0)KHO Y.ll0BneTBOPHTeilbHO o6'b.!ICHHTb c no -

M0IUblO .UBYX MO,Ueneii: 

a/ "ra3 C napHbIM B3aHMO,lleHCTBHeM + )KH,llKOCTb" /T .e. 

COtieTaHHe MYilbTHnepn¢epnqecKoro MeXRHH3Ma, ¢parMeHTaUHH 

H o6pa3oBaHH.!I ,unyxqacTH'IHbIX pe30HaHC0B, CO0THOWeHHe BKna,uoB 

OT KOTOpb!X 3,00:7,00:1,75/. 

6/ "CHilbHO nen,ueanbHbIH ra3" /MYilbTHnepn¢epntieCKHii Me· 

xaHH3M H o6pa30BaHHe MH0r0tIRCTH'IHblX pe30HaHC0B; C00TH0WeHHe 

nKna.uon l; 1/2!; 1/4!; ••• / 

Ha ,U0CTYilHbIX B HRCT0.!IIUee npeMH ycKOpHTeilbHblX 3HeprH.!IX 

o6e 3TH Mo,uenn ,uaroT o,unHaKono xopowee cornaconaHne, n Bb16op 

Me)K.lly HHMH Il0Ka HeB03M0)KeH. Ilpn 3Heprn.11x, npH6IlH)KRIOIUHXC.!I 

K aCHMilT0THtieCKHM, Me,1<,ny HHMH B03MO)KH0 Il0.!IBileHHe HeK0Topo

ro pa3nH'IHH, CB.!13RHHOro co cne,uyromeii KapTHHOH. 

C poCT0M 3Heprnn o6'beM ¢eiiHMaH • ra3a pacTeT. (pillOKTYRUHH 

n neM TaK,1<e ynennqnnaroTc.11, no3T0MY npn ynennqennn 3Heprnn 

-¢eiinMirn- ra3 KaK 6b! npn6nn,1<aeTC.!I K KPHTHtieCKOH T0'IKe. TaKoe 

npn6nn,1<eHne xapaKTepno .un.11 o6onx Tnnon Mo,ueneii, HO ,un.11 
nepnoii H3 HHX ,llBH)KeHHe K KPHTHtieCKOii T0tIKe IlP0HCX0,llHT 

B o6nacTH, r.ue eCTb .une ¢a3bl /ra3 H )KH,UKOCTb/. Tor.ua KaK 

.un.11 BTopoii 3T0 ,llBH,KeHHe npoHCX0,llHT B o6nacTH, r.ue eCTb 

T0ilbK0 o,una ¢a3a - ra3. 

Bonpoc 06 3(p(peKTax, B03HHKaIOIUHX Bcne,nCTBHe pa3IlH'IH.!I 

Me,1<,uy "KOH,UeHcauneii" ra3a H "BCKHilaHHeM" )KH,llK0CTH, Mb! 

o6cy,uli:M n nocne,uyromnx pa6oTax. 
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Ta6nuua 

3ua'IeHHH nocToHHHbIX a 1, b 1 , c1 H a1 B IPYHKUHH, onpe,neJ1HIOI11eii 

cpe,nHIOIO MHOiKeCTBeHHOCTb 

CHC!'8118 Q, (TeOpHII ) g,(HOpBII X'~!'80pllll )ol:{TeopRH 
l aKcnep1111eHT ' aKcnepx11eH!' L aKcnepa- axcnepH-

HAean
awl raa 

llllKOCTI> 

0.t.12 
1,ssto,07 

. M6HT 118HT 

-L.2Q 
-(I,6o±o,25) 

LQQ Q..lQ 
I,301:o,02 o,3sto,os ----------------

raa c nap- I,13 
HWII B38HIIJ- I,S?to,07 
.itelCTBH811 

Hl68JlI,HWI 

raa + UJt
xocu 

raa c nap- 2.19 
HWII B88HMO- 2,l8io,03 
)t81tCTBH611 + .· 
aBUOCTI, 

CHJll,HO I.so 
H6H)t68ll- l,Ssio,03 
uwl ras 

14 1 

-L.2Q 
-(I,60io,25) 

l.&Q ~ 
I,3o±o,02 o,3sto,os 

-5,30 814U ~ 
-cs,s9io,os) a,12to,20 -0,791:o,os 

-l..&.22 
-(I,6oto,25) 


