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1. BBE,4EHHE 

PaHee Mbl rrpoaenH aHanHJ PJI.D.a xapaKTepHcTHK npoueccoa 
I !. 121 

MHOJKeCTBeHHOrO pOJK)J.eHHJl B a,!J.pOH-a)J.pOHHbiX l Ha)J.poH-Jl)J.epHbiX 

B3aHMO)J.eBCTBHJIX Ha OCHOBe )J.OBOnbHO 06IUHX cne)J.CTBHB H3 KBaHTO­

BOB XpOMO)J.HHaMHKH /KX,lJ/ H cclJopMynHpOBaHHbiX Ha ee OCHOBe 

clJeHOMeHonorH'IeCKHX KBapK- rmoOHHbiX MO)J.ene:ii: /KrM/ CTpyKTYPbl 

13/ a)J.pOHa . AHanH3 IIOKaJan, 'ITO MHOrHe YCTaHOBneHHbie B 3KCnepH-

MeHTe clJaKTbl H 3aKOHOMepHOCTH )J.OCTaTO'IHO IIpOCTO HHTeprrpeTH­

pyiOTCJl a paMKax TaKoro rro.nxo.na. HaH6onee cymecTaeHHLIM ero 

JneMeHTOM JlBnJleTCJl rrpe)J.CTaaneHHe 0 )J.BYXKOMIIOHeHTHOCTH CTpOe­

HHJI a.npoHa /KaapKH H rniOOHbi/ H pa3nH'IHOM IIpOJIBneHHH 3THX 

KOMIIOHeHT B CTOnKHOBeHHJIX a)J.pOHOB IIpH BbiCOKHX 3HeprHJIX. 

CoxpaHeHHe a 6onLWHHCTBe cnyqaea nH.D.HPYIOIUe:ii: qacTHUe:ii: 

KBaHTOBbiX 'IHCen rrepBH'IHOrO a)J.pOHa, CKeBnHHr B o6naCTH clJparMeH­

TaUHH, IIO)J.aaneHHOCTb KaCKa)J.a nH.D.HPYIOIUeB 'laCTHUbl B a)J.poH­

Jl)J.epHbiX CTOnKHOBeHHJIX H PJI.!I. )J.pyrHX cPaKTOB CBH)J.eTenbCTBYIOT 

06 OTHOCHTenbHO naCCHBHOB ponH BaneHTHbiX KBapKOB B IIpoueccax 

MHOJKecTaeHHoro poJK.D.eHHJl*. Cor nacHo KrM rrpH He.D.HcPPaKUHOHHOM 

B3aHMO)J.eBCTBHH )J.OCTaTO'IHO 3HeprH'IHbiX a,!J.pOHOB KBapKH C xopo­

weil: TO'IHOCTbiO COXpaHJIIOT Te HMIIynbCbl, KOTOpbiMH OHH o6na.nanH 

)J.O CTOnKHOBeHHJl
13

: fiocne)J.yiOIUaJl a,!J.pOHH3aUHJl KBapKOBOB 

KOMIIOHeHTbl IIpHBO)J.HT K o6pa30BaHHIO Manoro, rrpaKTH'IeCKH He 

* PonL B3aHMO)J.eHCTBHJl KBapKOB MOJKeT OKa3aTbCJl ,!J.OMHHHpyiO­

IUeB B BeCLMa pe)J.KHX CIIeUHanbHO OT06paHHbiX C06biTHJIX, HaiipHMep, 

a poJK)J.eHHH qacTHU c 6onLWHMH rrorrepe'IHbiMH HMrrynLcaMH /4/, 
a TaKJKe IIPH ynLTpaBbiCOKHX 3HeprHJIX. 
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JaBHCHI.Qero OT 3HeprHH l.fHCJia l.faCTHU, COCTaBJIHIOI.QHX cpparMeHTa­

UHOHHYIO l.faCTb ClleKTpa. 

HanpoTHB, npe.nnonaraeMoe HHTeHCHBHoe BJaHMo.ueiicTBHe rniD­

OHHbiX llOJieH a.D;pOHOB llpHBO.IJ;HT K HX B3aHMHOMy TOpMO)I(eHHIO 

C 60JiblliHM 3HeprOBbi.IJ;eJieHHeM H o6pa30BaHHeM CHJibHOB036y)l(,lleH­

HOH rJIIOOHHOH CHCTeMbl - KJiaCTepa. llpH a,llpOHH3aUHH KJiaCTepa 

npOHCXO.IJ;HT o6pa30BaHHe llO.IJ;aBJIHIOI.Qero 60JiblliHHCTBa BHOBb po)I(­

.IJ;eHHbiX l.faCTHIJ. 

8 paMKaX KBaHTOBOH XpOMO.II;HHaMHKH pa3HbiH xapaKTep B3aHMO­

.IJ;eHCTBHH .llBYX KOMITOHeHT a.upoHa o6yCJIOBJieH rnaBHbiM o6pa30M 

.II;BYMH 06CTOHTeJibCTBaMH: 

a/ HMITYJibCHbie pacnpe.neneHHH .IJ;JIH rJIIOOHOB x • G (x) npH 

He60JiblliHX X 3Hal.fHTeJibHO npeBbilllalOT COOTBeTCTBYIOI.QHe BeJIH'iHHbl 

.IJ;JIH KBapKOB
15

:llpH TO'ie'iHO"llO.IJ;06HOM )l(e xapaKTepe B3aHMO.IJ;eif­

CTBHH HaH60Jiee 3cpcpeKTHBHO B3aHMO.IJ;eHCTBYIOT napTOHbl C MaJibiMH 

OTHOCHTeJibHbiMH HMllYJibCaMH, TO eCTb C MaJibiMH X; 

6/ Ce'ieHHe pacceHHHH Ha 60JiblliHe yrJibl B rJIIOOH- rJIIOOHHOM 

B3aHMO.IJ;eHCTBHH 6onee l.feM Ha llOPH.llOK npeBOCXO.II;HT aHaJIOrH'i­

Hble BeJIHl.fHHbl .IJ;JIH CTOJIKHOBeHHH KBapK- KBapK H IIO'iTH Ha llOpH.IJ;OK 
16 I 

.IJ;JIH KBapK-rJIIOOHHbiX : JTO, llO"BH.IJ;HMOMy, H onpaB.IJ;biBaeT ccpop-
'3 I 

MYJIHpoBaHHoe BaH- XoaoM' · npe.nnono)l(eHHe o TOM, 'ITO 3cpcpeKTHB-

HOe B3aHMO.IJ;eHCTBHe rJIIOOHOB CHJibHee, 'ieM KBapKOB C rJIIOOHaMH, 

KOTOpOe, B CBOIO 0'-lepe.D;b, npeBbilllaeT 3cpcpeKTHBHOe B3aHMO.IJ;eHCT­

BHe KBapKOB. 

)l;pyrHM onpaB.naHHeM TaKoro npe.nnono)l(eHHH, KaK y)l(e yKaJbiaa­

nocb Bbillle, HBJIHeTCH ycnex npoBe.IJ;eHHoro Ha ero ocHoBe aHaJIHJa 

- I:U 
MHO)I(eCTBeHHOrO pO)I(.IJ;eHHH B a.D;pOH- H.D;epHbiX B3aHMO.IJ;eHCTBHHX , 

TaKHM o6pa30M, llOCKOJibKY OCHOBHYIO pOJib BO MHO)I(eCTBeHHOM 

po)I(.IJ;eHHH .UJIH cpe.nHero aKTa HrpaeT B3aHMo.neiicTBHe rniOOHHbiX 

llOJieH, TO HMeHHO HX CBOHCTBaMH, a TaK)I(e xapaKTepOM pa3BHTHH 

rniOoHHoro KnacTepa onpe.nenHIDTCH peJynhTaTbi npouecca. 

3.uecb Mbl llOllbiTaeMCH YTOl.fHHTb npe.D;JIO)I(eHHYIO HaMH paHee 
Ill . 

CXeMy H COTIOCTaBHTb ee BbiBO,llbl C HeKOTOpbiMH Cpe.IJ;HHMH xapaK-

TepHCTHKaMH MHO)I(eCTBeHHOrO pO)I(.IJ;eHHH a.D;pOHOB B p --p B3aHMO­

.IJ;eHCTBHHX B lliHpOKOM HHTepBaJie 3HeprHH OT h 10 F3B .!lO HeCKOJib­

KHX .necHTKOB T:JB. 

PacnpocTpaHeHHe no.nxo.na Ha .nH<W>epeHUHaJibHble xapaKTepHCTH­

KH npe.ncTaBJIHeT co6oii BeCbMa Ba)I(HbiH Bonpoc, Tpe6yiOI.QHH cne­

J.J;HaJibHOrO paCCMOTpeHHH. 

4 

2. OCHOBHblE XAPAKTEPHCTHKH FJIIOOHHOFO KJIACTEPA 

1. 06pa3oeaHue KAacmepa 

flo- npe)I(HeMy, KaK H B I l:nonaraeM, 'ITO B3aHMO.IJ;eHCT.BHe a.D;pO­

HOB BbiCOKHX 3HeprHH B CHCTeMe HX UeHTpa Mace MO)I(HO npe.IJ;CTa­

BHTb CJie.IJ;ylOI.QHM o6pa30M. 

KaapKOBble KOMITOHeHTbl a.D;pOHOB, OTOpBaBlliHCb OT rJIIOOHHbiX 

none if, YHOCHT HMllyJibCbl ( 1- 0 i ) ph , r.ne ph- HMITYJibC a.D;pOHa, 

a 0. - .IJ;OJIH HMITYJibCa, npHHa.IJ;Jie)l(ai.QaH rJIIOOHHOMy ITOJIIO a.upoHa 
1 121 

COpTa i /HallpHMep, Op"" 0,27, 0
77 

,.0,38 /. JiMnyJibCbl, 3aTpa'ieH-

Hble Ha o6pa30BaHHe KJiaCTepHOH CHCTeMbf, paBHbl COOTBeTCTBeHHO 

0 i Ph-

8rrOJIHe eCTeCTBeHHO, 'ITO CTIOC06HOCTb K B3aHMHOMY TOpMO)I(e­

HHIO rJIIOOHHbiX llOJieH orpaHH'ieHa. ll03TOMY TOJibKO HeKOTOpaH 

'iaCTb Q HMITYJibCOB Oi · ph MO)I(eT 6biTb B3aHMHO norallleHa. 

llpH TeX 3HeprHHX, KOr.IJ;a •\ ph ~Q, o6pa3yeTCH e.IJ;HHblHpaBHOBec­

HbiH KJiaCTep. flpH 60JiblliHX 3HeprHHX rJIIOOHHbie llOJIH COXpaHHIOT 

HMITYJibCbl 

qi~'\Ph -Q /1/ 

3TO npHBO.IJ;HT K B03HHKHOBeHHIO IlpO.D;OJibHOro KOJIJieKTHBHOrO .IJ;BH" 

)l(eHHH B KJiaCTepe, a llpH .IJ;OCTa TO'IHO BbiCOKHX 3HeprHHX 

;:· 3-'-5 T3B 11 
/ -K pa3pb1BY KnacTepa Ha .nae B KOHel.fHOM HTore 

HeJaBHCHMO pacna.IJ;alOI.QHeCH 'iaCTH. 

llpH HaJIH'iHH KOJIJieKTHBHOrO .IJ;BH)I(eHHH 3Ha'ieHHH 3HeprHH B03-

6y)l(,lleHHbiX rJIIOOHHbiX llOJieH, BXO,llHI.QHX B COCTaB KJiaCTepHOH 

CHCTeMbl, onpe.D;eJIHIOTCH Bbipa)l(eHHeM 

-------- ----
( ~ \ p2h 'm2 --- \/(1-B. )2 ·P2h + :ll1.2 

1 I 1 1 
/2/ 

/m.- Macca a,llpOHOB, a :lJj i - 3<W>eKTHBHble MaCChi JIH.D;HpylOI.QHX 
1 

CHCTeM, o6paJOBaHHbiX KBapKOBbiMH KOMllOHeHTaMH/, a HX MaCChi 

fL . = \ ( .2 - q 2 
1 1 i /3/ 

llOCKOJibKY HMITYJibC KJiaCTepHOH CHCTeMbl B C.IJ.M. CTaJIKHBalOI.QHXCH 

a.D;pOHOB 
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pk =(01- 02 )ph' /4/ 

a ee JHeprHH H Macca 

Ek =£1 +£2' /5/ 

Mk=yE
2
k+P:, /6/ 

3HeprHH KOnneKTHBHOrO ~BH>KeHHH onpe~enHeTCH BbJpa~eHHeM 

E = M -II -II /7/ coli k r1 r2· 

Cne~oBaTenbHO, qacTb JHeprHH xnacTepa, u~y~aH Ha o6paJoBaHHe 

'laCTHD;, 

W =M -E =f11 +f12 · k coli /8/ 

BenH'IHHa Q, xapaxTepHJyro~aH cnoco6HOCTb rnrooHHbiX noneA K 

B3aHMHOMY TOpMO>KeHHID H onpe~enHID~aH HHTeHCHBHOCTb KOn­

neKTHBHOrO ~BH>KeHHH B KnacTepe, paCCMa TpHBaeTCH B ~aHHOH 

<lJopMynHpOBKe KaK <lJeHOMeHonoruqecKaH KOHCTaHTa. ConocTaBneHHe 

c JKcnepHMeHTOM noxaJhiBaeT, 'ITO Q"" 1,25 F3B/c. 

2. AopoHu3aiiUJI KAacmepa 

llpe>K~e BCero npHMeM BO BHHMaHHe Cne~yro~ee 06CTOHTenbCT­

BO. rnroOHHOe Be~eCTBO, OKaJaBWHCb B CB060~HOM COCTOHHHH 

B peJynbTaTe OTpbiBa OT KBapKOB, HBnHeTCH a6coniDTHO HeCTa6Hnb­

HblM. JieJMaCCOBOCTb nOJBOnHeT ~onyCTHTb, 'ITO paCWHpeHHe o6pa-

30BaBWerOCH KnacTepa B C06CTBeHHOB CHCTeMe npOHCXO~HT C OKOno­

CBeTOBOB CKOpOCTbiD. · TaKOe ~ony~eHHe no~TBep)l{~aeTCH peJynbTa­

TaMH HCCne~OBaHHH npOCTpaHCTBeHHO-BpeMeHHOrO pa3BHTHH 

npou;ecca MHO>KeCTBeHHOrO pO>K~eHHH a~pOHOB Ha OCHOBe ~aHHblX 

no a~pOH- H~epHblM B3aHMO~eBCTBHH:IIi 2 1
• p aCWHpeHHe KnaCTepa 

npHBO~HT K TOMy, 'ITO 3a BpeMH, He06XO~HMOe ~nH BOCCTaHOBneHHH 

rniDOHHblM Be~eCTBOM KBapKOBOB KOMnOHeHTbl 'h TO eCTb BpeMH 

a~poHHJaD;HH, o6'beM xnacTepa no cpaBHeHHID c ero Ha'lanbHblM 

06'beMOM 3Ha'IHTenbHO yBenH'IHTCH. 

6 

" 

llOCKOnbKY BpeMH a~pOHHJaD;HH Th ~OmKHO onpe~enHTbCH 

nHWb KOHCTaHTOB KBapx-rniDOHHOrO BJaHMO~eBCTBHH, ecTeCTBeHHO 

cqHTaTb ero noKanbHblM CBOBCTBOM rniDOHHOrO Be~eCTBa, B nepBOM 

npu6nH)I{eHHH He JaBHCH~HM OT nepBHqHOB 3HeprHH H npHpO~bl 

BJaHMO~eBCTBYID~HX qaCTHD;. lloCTOHHCTBO rh HBnHeTCH Ba)I{HblM 

clJaKTOpOM, onpe~enHID~HM npou;eCCbl MHO)I{eCTBeHHOrO pO)I{~eHHH 

B paMKaX HaWeD MO~enH *. 
PaccMoTpHM ero cne~cTBHH, xacaro~uecH BenuqHHbl pacna~Horo 

o6'beMa xnacTepa V h . 

llpH TeX 3HeprHHX, KOr~a P ;.: Q, pacna~HblB 06'beM KJiaCTepa 
1 1/ 3 

nOCTOHHeH. llo OD;eHKaM pa60Tbl' Vh"' 56 4>M. 
C B03HHKHOBeHHeM KOnneKTHBHOrO ~BH)I{eHHH B KnaCTepc npOHC­

XO~HT yBenuqeHHe V h ,KOTOpOe MO)I{HO npH6nH)I{eHHO OD;eHHTb cne~yro­

~HM o6paJoM. BpeMH a~poHHJan;HH rnrooHHoro Be~ecTBa B xa)I{~OB 

HJ ~BYX ~BH)I{y~HXCH ~pyr OTHOCHTenbHO ~pyra qacTeB KnacTepa 

yBenHqHBaeTCH Ha nopeHn;-<lJaKTOp KOnneKTHBHOrO ~BH)I{eHHH Y coli' 

llonepeqHaH cocTaBnHro~aH cxopocTH pacwupeHHH xnacTepa yMeHb­

waeTcH Ha TOT )l{e <lJaxTop. Bcne~CTBHe 3Toro nonepe'IHbie paJMepbi 

KnaCTepa B MOMeHT ero pacna~a He HJMeHHIDTCH C pOCTOM nepBH'I­

HOB JHeprHH E'n CxopoCTb )l{e pacwupeHHH xnacTepa B npo~onbHOM 

HanpaBneHHH HeJaBHCHMO OT E 6nHJKa K C, BCne~CTBHe qero yBenH­

'IeHHe npo~onbHoro paJMepa xnacTepa B MOMeHT pacna~a nponop­

u;HoHanbHO >'eo!! (E)·' It ·e. TaKHM o6paJOM, npH HanH'IHH xonneKTHB­

Horo ~BH)I{eHHH ~nH pacna~Horo o6'beMa MO)I{HO HanucaTb npu6nu­

>KeHHOe Bbipa>KeHHe: 

VII 
4 2 
·- " ( ro r r I e) ( ~'o ~ ) II (E) 'I c) , 3 1 eo 1 

/9/ 

r~e r
0 

- Ha'lanbHbiH pa~uyc xnacTepa. EcTeCTBeHHO npe~nono>KHTb, 

'ITO BenH'IHHar 0 - nopH~Ka <lJopM<lJaxTopa a~poHa, TO ecTb r0 "0,8 tl>M. 

Taxoe onpe~eneHHe pacna~Horo o6'beMa HMeeT CMbiCn npH TaKHX 

JHeprHHX, xor~a pacna~aro~HHCH xnacTep MO>KHO paccMaTpHBaTb 

KaK e~HHYID ~HHaMH'IeCKH CBH3aHHYID CHCTeMy, TO eCTb KOr~a 

·'' B pa6oTe 1 1: npH aHanHJe npou;ecca MHO)I{eCTBeHHoro po>K~eHHH 
B p ·-p- CTOnKHOBeHHHX Mbl nonaranH nOCTOHHCTBO 06'beMa a~pOHH­
JaD;HHVh ,'ITO, O'leBH~HO, TO>K~eCTBeHHO nono)l{eHHID 0 noCTOHHCTBe 

r
11 

B cnyqae e~HHoro paBHoBecHoro xnacTepa. 
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KOJIJieKTBBHOe ,!I;BH:lKeHHe eme He HaCTOllbKO pa3BBTO, qT06bi pa3op­

BaTb KnacTep Ha .n;ae HeJaBHCBMO pacna.n;aiOIUHeC.II qacTH. OpHeHTH­

poaoqHo 3HeprBIO E u; llpH KOTOpoii: llpOHCXO,!l;HT BbiXO,!l; Ha ,!J;BYXKnac­

TepHbiH pe:lKHM, MO:lKHO OD;eHHTb H3 COOTHOWeHH.II 

in 
ro .. Y coli (E ) r h' c 

.s 2 /10/ 
r 0 + rh c 

/Tor.n;a B3 /10/ cne.n;yeT, qTo Y "'2,5, T .e. cKopocTb V nepeMeiUeHH.II 

qacTeii: KnacTepa B C.D;.B. llpH6nB:lKaeTC.II K OKODOCBeTOBOH V:, 0,92 c. 
fi03TOMY OIJMeH Bell{eCTBOM Me:lK,!l;y o6eHMH qacT.IIMB B llpO,!l;OllbHOM 

HanpaaneHHH npu ycnoBBH /10/ .n;on:lKeH pe3KO JaMe.n;nHTbC.II, a caMH 

3TH qaCTH H B TepMO,!l;HHaMHqecKOM CMbiCne - o6oco6HTbC.II/. To 

E
in _ _ 

6 eCTb - 3HeprH.II, llpH KOTOpOH pacna,n;HbiH 0 'beM KnacTepa 11pH6-

DH:lKaeTC.II K y,n;BOeHHOMY VhB OTCYTCTBHe KonneKTHBHOrO ,!l;BH:lKeHH.II. 

llpu 6onbWBX JHeprB.IIX poeT pacna.n;Horo o6'beMa npeKpamaeTC.II. 

6 I 171 -; 
B p.11,n;e pa OT CM. B CCblllKH B HeB IIOKa3aHO, qTo npH 

HeDBHeHHOM B3aHMO,IJ;eHCTBBH CTOXaCTHqecKoe ,!l;BH:lKeHHe, a cne,n;o­

BaTellbHO B CTaTHCTHqeCKHe 3aKOHbl, MOryT B03HHKaTb ,n;a:lKe 

B BeCbMa npOCTbiX ,!l;BHaMBqeCKHX CHCTeMaX. HenHHeHHOCTb COOT­

BeTCTBYIOIUHX rniOOHaM KanB6pOBOqHbJX noneii: 1103BOD.IIeT ,!l;OIIYCTHTb 

CTOXaCTHqHOCTb pa3BHTH.II KnacTepHOH CHCTeMbl. 

K cTaTHCTBqecKHM pacnpe.n;eneHB.IIM no Ha6niO,n;aeMbiM cTene­

H.IIM CB060,!J;bl llpHBO,!l;HT TaK:lKe yTpaTa qaCTH HH$OpMaD;HH 0 ,n;eTa· 

ll.IIX pa3BHTB.II ,!l;BHaMHqecKOH CHCTeMbl. llpH HCCne,n;OBaHHH rrpon;ec­

COB MHO:lKeCTBeHHOrO pO:lK,!l;eHB.II TaKa.ll yTpaTa BH$OpMaD;BH llpOHCXO­

,!l;BT KaK 3a cqeT MeTO,!l;HqecKHX npHqHH - Ollpe,n;en.IIIOTC.II, KaK 

npaBHDO, HHKDI03HBHble B IIODYHHKD103HBHble xapaKTepHCTHKH,-TaK 

B Ja cqeT HeHa6niO,n;aeMOCTB KBapKOB B rniOOHOB. B KOHeqHOM 

HTOre 3TO H npHBOJJ;HT K He06XOJJ;HMOCTH CTaTHCTHqecKOrO /TepMo­

,!I;BHaMBqecKOrO/ OIIHCaHH.II npon;ecca a,n;pOHH3aD;HH KnaCTepa. 

TaKHM o6pa30M,- 110 HaWeMy MHeHHIO, HCIIOllb30BaHBe TepMOJJ;H· 

HaMHqeCKHX COOTHOWeHBH ,!J;ll.ll OIIHCaHB.II pacna.n;a KnacTepa cne,n;yeT 

paccMaTpllBaTb He KaK IIOIIbiTKY $HTBpOBaTb 3KCIIepBMeHT, a KaK 

He06XO.D;HMOCTb, o6ycnoaneHHYIO COBpeMeHHbiM ypOBHeM HH$OpMa-

ll;BB 0 CBOHCTBaX CBllbHOro: B3aHMO,!l;eHCTBB.II H xapaKTepoM 

KOHKpeTHOrO, paCCMaTpHBaeMOrO HaMB KaHana - MHO:lKeCTBeHHOrO 

piJJKJJ;eHB.II. 

8 

j 

) 

' 

B cooTBeTCTBHB c 3THM npBHHMaeM, qTo .n;n.11 pacna,n;Horo 

COCTO.IIHH.II KnaCTepa CllpaBe.D;nHBbl COOTHOWeHH.II, OIIBCbiBaiOil{Be 

"qepHoe" HJnyqeHHe 

W "'1_ .Y__ T 4 .<lJ (fl /T), 77 
2rr 2 (fi c) 3 B /11/ 

n "'~ V T3 
77 2rr2 (f;c)3 FB (/1 77 /T). /12/ 

B /11/, /12/ n77 - qucno rr -MeJoHOB, o6pa3YIOIUHXC.II npu pacna.n;e 

KnacTepa, !t
77

- Hx Macca, a T - TeMnepaTypa·pacna.n;a. 

x\!~dx 
exp [ z v' 1 + x2 ]-1 

4"" 
<I> (z) = z J 

B 0 
/13/ 

F (z) = z 3 f 
B 0 

x2 dx ---
exp [ z y' i-:;:-;-2]- 1 

/14/ 

llpH Z "'1 $yHKII;HH /13/, /14/ C TOqHOCTbiO ,!1;0 1% annpOKCHMHpyiOT­

C.II Bblpa:lKeHH.IIMH 
1

11; 

<t>
8

(z),Azv; A =5,76; v =- 0,188; 

F
8 

(z)"' B z 11 B=1,77; /1=-0,43. 

3. COIIOCTABJIBHHB C 3KCIIBPHMBHTOM 

1. 3aeucu.Mocm& <n ·om EL 
ch 

/15/ 

/16/ 

BocnonbJOBaBWHCb $opMynaMH /12/ H /16/, nonyquM cne.n;yiO­

mee Bblpa:lKeHHe .n;n.11 < nPh -: 
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Ha puc. 1 npose.ueHo cpaBHeHHe pac'ieTa no !IJopMyne I 17 I 
c 3KcnepHMeHTanbHbiMH .uaHHbiMH. Cnnouma.11 KPHBa.ll • pac'ieT, 

TO'IKH • 3KCnepHMeHTallbHble ,UaHHbie .UllJI -11,,
11

'- C y'ieTOM nonpaBKH 

Ha cpe.UHee 'iHCllO COXpaHHBWHXCJI JapJI)t(eHHbiX 'iaCTHU BHeKnacTep· 

Horo npoHCXO)t(.UeHHJI IT .e. n ch' • 1,41. TiyHKTHp - pac'ieT no Mo.uenH 

C nOCTOJIHHbiM OfibeMOM, TO eCTb fieJ y'ieTa KOnneKTHBHOrO .UBH)t(e • 

HHJI. 

2. 3aeucuMOC111b < p _, 0111 E L 

Y cpe.uHeHHe P.:. no pacnpe.ueneHHKl 

dn 

dx 

3 vh s "" --2--2 1-1 
''--·---T xJ dy[exp(z\ltx +y --1) 

2 . 3 
2 11 (lie)' o 

1181 

lr.ue x ~ p 1 , f1 , y - p ' 11 I npHBO.UHT K JaBHCHMOCTH -:p 1 '-
- 7l I' TT ..L. 

OTE L• HJ06pa)t(eHHOH Ha puc. 2. 113 puc. 2 BH.UHO, 'ITO B o6naCTH 

10 

a6 

.......... 
~ 

"' ~ 
.......... 
q_ .. 

u.. 
Q21 E /F:JB/1 

10' io2 io~ 10' • ' s-IO 
Puc.2. 3aeucuMOC111b 'P· ·-. 0111 E 111

; 3KcnepuMeH111 '12' 
.L 

E OT 200-300 F:JB .uo -3 T:JB TeMn pocTa ··p, 'JaMe.uneH. 3To L ~ 

CBJIJaHO C pOCTOM OfibeMa a_upOHHJaUHH, ofiycnoBneHHOro pa3BH· 

THeM KOnneKTHBHOrO .UBH)t(eHHJI B KnacTepe. llpH 3HeprHJIX 

E L ~~ 100 T3B B 3KcnepHMeHTe Ha6nKJ.uaeTCJI 6onee 6blcTpbiH poeT 

'P..:. ', 'ieM npe.ucKaJbiBaeTCJI Mo.uenbKJ. 

llo • BH.UHMOMY, 3TOT !IJaKT CBJIJaH C Ka'ieCTBeHHbiMH HJMeHeHHJI· 

MH B xapaKTepe a,UpOHHbiX BJaHMO,UeHCTBHH npH O'ieHb BbiCOKHX 

3HeprHJIX. 

3. Kat~ec111eeHHbiU coc111ae poxoeHHbiX aopoHoe 

B TepMO.UHHaMH'ieCKHX no.uxo.uax o6CY*.UaKJTCJI .usa sapHaH • 

Ta Bbl'iHCneHHH BbiXO.UOB T Jl)t(ellbiX 'iaCTHU, pO)t(,UaKllliHXCJI napaMH 

(K± , p'p ): 

n 
qq 

) 2 ( ~) 3 ~2m IT 
T e q 

1191 

H 

Il =~ 
V T3 

q 2712 
. h F (~ 

die) 3 
B T ) . 1201 
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HHJI. 
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MH B xapaKTepe a,UpOHHbiX B3aHMO,UeHCTBHH npH O'leHb BbiCOKHX 

3HeprHJIX. 
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B cnyqae m ·" T /20/ npHBO.D;HTCJ'I K BHAY 
q 

n q 

u 
"'q 

2 17 2 

V T 3 
h 

(flc) 3 
17 

112 m
4 

312 - m IT 
(-) (--) e q 

2 T /21/ 

Bbipa*eHHe /19/ nonytJ:eHo B npe.n;nono*eHHH, 'ITO po*.n;eHHe qq­

napbi - pe.n;KHH npouecc, TO ecTb n qq << 1 tl.·. Bbipa)l(eHHJ'I *e /20/ 
. gi 

H /21/.cTporo rosopB, cnpaBe.n;rrHBhi npH n >>1 · q 

1\j 

Jo· 

-J 

10 

-a. 
10 

10
2 

10 3 

Puc.3. 3aeucuMocmb <n +>.< n-> om s; 
K- p 

12 

• -1<.,. 
~ _,r 
o-jf 

S ;r3B 7 
.. 

tO lt3,t4/ 
3KcnepuMeHm 

Ha puc. 3 npHBe.n;eHbi .n;aHHbie no 3aBHCHMOCTH cpe.n;He:H MHO)I(eCT­

BeHHOCTH pO)I(,D;eHHbiX KaOHOB H aHTHnpOTOHOB OT s 2m!<~ 111 a 

TaK)I(e pe3yrrbTaThi pactJ:eTOB no !lJopMynaM /19/ H /21/. 113 puc. 3 

BH.IJ;HO, 'ITO npH nq 0,2 ·0,3 /19/ XOpOliiO OnHChiBaeT 3KCnepHMeHT, 

a npH 60ITbliiHX n q .n;aeT 3HatiHTellbHO 6orree CHllbHYIO 3aBHCHMOCTb 

BbiXO.IJ;OB K t H p, tJ:eM Ha6rrJO.n;aeTCH B 3KCnepHMeHTe. IlpH n 0,2 
q 

-0,3 Bbipa)l(eHHe /21/ npaBHllbHO OnHChiBaeT XapaKTep pOCTa BbiXO-

.IJ;OB Kl: H p c yserrHtJ:eHHeM s, pacxo.n;Hcb c 3KcnepHMeHTOM no a6co­

rrJOTHOH BeiTH'IHHe Ha !lJaKTOp "2" . 

B paMKax npHHJITbiX npH6rrH)I(eHHH TaKoe cornacHe MO)I(HO 

C'IHTa Tb Y.IJ;OBrreTBOpHTerrbHbiM. 

4. 3AKH/OtJEHHE 

B 3TOH pa6oTe Mbi npecne.n;oBarrH .n;se uenH: 

1. Hccne.n;oBaTb B03MO)I(HOCTb ycTaHoBrreHHJI KatJ:eCTBeHHoro 

COOTBeTCTBHJI OCHOBHbJX cpe,D;HHX xapaKTepHCTHK npouecca MHO)I(eCT­

seHHOro po*.n;eHHJI coBpeMeHHbiM npe.n;cTaBrreHHJIM o CTPYKType 

a.n;poHa, CllO)I(HBliiHMCJI no.n; BITHJIHHeM .IJ;aHHbiX no rny60KOHeynpyrHM 

npou;eccaM H a.n;pOHHOH CneKTpOCKOnHH. 

IlpHBe.IJ;eHHbie Bblliie pe3yllbTaTbi, no HaliieMy MHeHHIO, CBH.IJ;eTerrb­

CTBYIOT 0 TOM, 'ITO TaKoe COOTBeTCTBHe HMeeT MeCTO. 

2. C!lJopMyrrHpOBaTb KOITH'IeCTBeHHO B HaH6onee npoCTOM H C)l(a­

TOM BH,D;e !lJeHOMeHOrrOrHtJ:eCKYIO HH!lJOpMal.lHIO 0 CHllbHOM B3aHMO.IJ;e:8-

CTBHH, BbiTeKaiOJUYIO H3 aHaJIH3a MHO)I(eCTBeHHOrO pO)I(.IJ;eHHJI, 

ITo- BH.IJ;HMOMY, H B .n;ocTH)I(eHHH 3To:H u;enH .n;ocTHrHyT onpe.n;eneH­

HbiH ycnex. B liiHpOKOM HHTepBane 3HeprH:H l<: 111
, r.n;e, no 6biTYJOIUHM 

npe.IJ;CTaBrreHHHM, CYIUeCTBYIOT no Kpa:HHeH Mepe ,D;Ba nepeXO.IJ;JIIUHX 

o.n;HH B .n;pyro:H pe)I(HMa reHepau;HH, 3aBHCHMOCTH nch, · p __ - H Ka­

tJ:eCTBeHHoro COCTaBa OT E in y.n;aeTCJI OnHCaTb u;eHOH BBe,n;eHHJI 

.IJ;ByX, HMeJOIUHX npOCTOH !lJH3HtJ:eCKHH CMbiCrr napaMeTpOB: 

- BpeMeHH a.n;pOHH3aUHH r h 

HMnynbca Q, onpe.n;errBJOIUero cnoco6HOCTb rmooHHbiX none:H 

a.n;pOHOB K B3aHMHOMy TOpMO)I(eHHIO /BeiTH'IHHa d onpc.n;errJieTCJI 

H B .n;pyrHx npou;eccax, HanpHMep B rny6oKoHeynpyroM 1'-P -pac­

ceHHHH' lO// . 

0CHOBHbiMH !lJaKTOpaMH, onpe.n;errHIOJUHMH npou;ecc MHO)I(eCTBeH­

HOrO pO)I(.IJ;eHHJI, HBITHIOTCH: 
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a/ .D;BYXKOMIIOHeHTHOCTb a,n;pOHHOH CTPYKTypbl; 

6/ IIOCTOJIHCTBO )J;JIHHbl a,n;pOHH3aUHH; 

B/ CTOXaCTHqHQCTb pa3BHTHJI KJiaCTepa, IIpHBO.D;JimaJI K CTaTH" 

CTHqeCKHM JaKOHOMepHOCTJIM ero pacrra.n;a. 
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