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I . BBE,llEHHE 

Opo~ecc PO*ACH~~ 4acT~~ c 6onbW~M~ 3Ha4eH~RM~ nonepe4Horo 

~Mnynbca pl. ~ ero ce~a b co cTpyKTypo.:1 aApoHa AOnroe epeM~ np~
eneKa~T BH~MaH~e TeOpeTHKOB. 

B paMKax KBaHToeo.:1 Teop~~ non~ a HaH6onee o6~eH nocTaHOBKe 

Ba*H~e BOnpoc~ 0 xapaKTepe 3aB~CHMOCT~ ~HKn~3~BHOrO Ce4eH~R PO*
ACH~~ 4aCT~t~ OT p J. 6~n~ paccMOTpeH~ e pa6oTax 11-4 ' , OAHl1M 1-13 

peaynbTaTOB KOTOp~x ~ BHnOCb YTBCP*ACHHC 0 B03MO*HOH CTeneHHOH 
3aBY1CHMOCTH 3 TOro CC4CHH~ . 

B nocneAHee epeM~ HCCOMHCHH~X ycnexOB AOCTHrna KOHKPCTHaR no
neeaR MOACnb - KBaHTOBa~ XpOMOAHHaMH Ka /KX,ll/. Oo MHeHI-1~ 6onb

WHHCTBa Y1CCnCAOBaTene.:1, ee MO*HO C4HTaTb peanbH~M KaHAY~AaTOM Ha 
ponb TCOP~I-1 CHnbH~X B3aHMOAC~CTBHH. 0031"0My 4PCSB~4aHHO Ba*CH 

T~aTenbH~H OT6op 3KcnepHMCHTanbH~x peaynbTaToe, npH conocTaene
HHH C KOTOP~MH MO*HO Ocy~eCTBHTb npoeepKy ee npeACKa3aHHH. 

11 B AaHHOM cny4ae OAHHM 1-13 Ba*HCHWHX KaHanOB HHQOpMa~l-11-1 MO~CT 
~B~TbCR npo~ecc PO*ACHHR 4aCTH~ c 6onbWHMH PJ. , TaK KaK MHOrY~e 
Ka4CCTBCHH~e, a npH HCKOTOp~X cne~HanbH~X flPCAnOnO*CHHRX H KOnH-

4CCTBCHH~e 3aKOHOMCPHOCTH 3TOrO npo~ecca MO*HO n~TaTbCR 06bRC
HHTb C flOM~b~ MeXaHH3Ma *CCTKYIX CT0f1KHOBCHHH MC*AY COCTaBfl~~H
MH aAPOHOB /CM., Hanp., 0630p~ ' 5.6 ' , a TaK*C CTaTbiO '7 /. 

B paMKax KX,ll 3THMY1 cocTaen~~HMH RBnR~TCR KsapKH H rn~OH~. 
Ce4eHHR Hx eaaHMOACHCTBHR da dt npH AOCTaT04HO 6onbwHx nepeAaH

H~x Y~Mnynbcax MOryT 6b1Tb pacc4HTaH~ 7 .8 . HenocpeACTBeHHoe 
conocTaeneHY~e npeACKa3aHHH KX,ll c 3KcnepHMeHTanbHbiMH AaHHbiMI-1 aa

TPYAHCHO TCM 06CTORTenbCTBOM, 4TO Ha6f110AaCMbiC xapaKTCpHCTHKH 3a

BHCRT IIC TCflbKO OT da ' dt , HO Y1 OT <!lYHKl.\HI-1 <!lparMCHTal.\1111 aAPOHOB, 
KBapKOB Y1 rniOOHOB, YIH<!lOPMa~~-tR 0 KOTOPbiX He Bf10f1HC OnpeACflCHHa. 

0AHaKO np~-1 H3MCHeHHH 3TY1X ¢YHKL\HH e paayMHbiX npe Aenax y4eT AHa

rpaMM HH3WerO nOPRAKa npYIBOAL-tT K YIHBap~-taHTHbiM CC4CHHRM PO*ACHYIR 
"·Me30HOB, KOTOp~e cy~eCTBCHHO MCHbWC HHBapHaHTHbiX CC4CHI-IH

1 
On

PCACfleHHbiX B 3KCnep~-t~1CHTe npl-1 PJ..$ 6 .;. 7 r3B/c ' fi,S ' /eM. TaK*€' 

p~-tc. 1/. KpoMe Tore, pac4eT nPHBOAHT K pacnpeAeneHHIO p:Nr(x1 ) 
C N = 4, BMeCTO COOTBCTCTBYIO~ero HaOfliOACHHRM 3Ha4CHY1R N = 8. 
Y4eT HapyweHHR cKeHnY~Hra aa C4CT 3asHCHMOCTH CTPYKTYPHbiX ~YHKL\YIH 
H HHBapY~aHTHOrO 3apRAa OT Q2 npYIBOAHT K HCKOTOpOMy ysen~4CHI-t~ 
N , KOToporo, OAHaKo, HeAOCTC!T04HO Af1R cornacoeaH~~R c 3Kcnept1· 
MCHT3f1bHbiMH AaHH~MI-1 ' 5 .7,8 / . 

{IOJ,e}ili wr ., j~~ UHCTIIT'JT 

!l ~t~l!:.ZI , , ~ · :.. .. llnad I 
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An~ 6ap~OHOB paC4eT ~HBap~aHTH~X Ce4eH~H, B~nonHeHH~H B paM
KaX TaKOrO nOAXOAa, np~BOA~T K pe3ynbTaTaM, paCXOA~~~MCA C 3Kc· 
nep~MeHTOM np~6n~3~ TenbHO Ha nOP~AOK np~ BCeX AOCT~rHyT~X 3Ha4e
H~~X \S ~ p .{91 
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P~c. 1. Ka4eCTBeHHoe conocTaeneH~e 
npeACKa3aH~~ MOAen~ ~eCTK~X CTOn K
HOBeH~~ /Kp~BaA 3/ ~ 3KCTpanon~~~~ 
B o6naCTb 6onbW~X Pl , B~pa~eH~~ 
e-P To np~ T0 1 = 6 /Kp~ea.A 2/ c 
Ha6n~AaeM~M nOBeAeH~eM ~HBap~aHT
HOrO Ce4eH~A /Kp~ ea~ 1/. 

HenA~TC~ n~ np~BeAeHH~e ~aKT~ OCHOBaH~eM An~ COMHeH~~ B cnpa 
BeAn~BOCT~ KXA? 04eB~AHO, HeT, nocKOnbKY eo3MO~eH eKnaA Apyroro 
MeXaH~3Ma, He CBOA.A~erOC.A K ~eCTK~M CTOnKHOBeH~AM T~na "2- 2". 

Cy~ecTeoeaH~e TaKoro MexaH~3Ma ~enAeTcA He~36e~H~M cneAcTe~eM 
CnO~HOCT~ CTpOeH~A dAPOHa ~ C~nbHOrO B3a~MOAe~CTB~~ Me~AY erO 
COCTaen~~Ul~M~. nonb3Y~Cb dHanor~e~ C AAePHbiM~ peaK~~.AM~, MO~HO 
O~~AdTb, 4TO nOM~MO npo~eCCOB "npAMOro" T~na 6YAYT pa3B~BaTbC.A ~ 
npo~ecc~. npoTeKa~~~e 4epe3 cTaA~~ o6pa3oeaH~~ KOMnayHA-c~cTeM~, 
ABn~~~e~CA pe3ynbTaTOM y~e MHOrOKPdTHOrO B3a~MOAe~CTB~.A Me~AY 
cocTaen~~~~M~ /KeapKaM~ ~ rn~oHaM~/, conpoeo~Aa~eroc~ 3Ha4~

TenbHO~ A~cc~nau~e~ 3Hepr~~ Ha MHOr~e cTeneH~ ceo6oA~- Cno~HOCTb 
H 3anyTaHHOCTb TaKO~ 3BOn~UHH npHBOAHT K npaKT~4eCK~ nOnHO~ yT
paTe ~H¢opMa~~~ o cnoco6e ee o6pa3oeaH~~. ~ AnA on~caH~~ ee pac
naAa MO~HO ~CnOnb30BaTb MeTOA~ TepMOAHHaM~K~. 

8 3TO~ pa6oTe M~ HCCneAyeM 003MO~HOCTH TepMOA~HaM~4eCKOrO Me
XaH~3Ma ~ nOKa~eM, 4TO ero BKnaA B pO~AeH~e 4aCTHU C 60nbW~M~ 
P1 MO~eT AOM~H~pOBaTb ennOTb AO 3Ha4eH~~ P.l.- 7 +8 r3B/c. 3TO 
03Hd4aeT, 4TO yKa3aHHa~ o6naCTb /OTMeT~M, 4TO 60nbW~HCTBO 3KCne
PHMeHTOB OTHOC~T~A ~MeHHO K He~/ He MO~eT cny*HTb 6e3yCnOBHOV. 
apeHo~ AnA npoeepK~ cneACTB~~ KXA Ha ocHoee MOAen~ ~eCTK~x 
CTOnKHOBeH~~. 80 BC~KOM cny4ae, An~ TaKOH npoeepK~ He06XOAHMbl 
AOnonH~TenbHble, oco6~M o6pa30M nocTaeneHHble 3KCnep~MeHT~. 

Pa3yMeeTcA, e~6~pa~ 3TOT nyTb, ~ co3HaeM, 4TO e HacTo~~ee 
BPeM~ anenn~U~~ K TePMOA~HaM~4eCKOMy MeXaHH3MY y~e caMa nO ce6e 
MO*eT noKa3aTbc~ aHaxpoH~3MOM. B caMOM Aene, TepMOA~HaM~4eCK~H 
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no~xo~ He pa3 nOABepranc~ pe3KO~ KP~T~Ke. mHpOKO ~3BeCTH~ TPYA
HOCT~, C KOTOp~M~ OH CTanK~BaeTC~ np~ ODb~CHeH~~ Ha6n~AaeM~X 3a
KOHOMePHOCTe~. K 4~cny Ha~Ronee cepbe3H~X o6~4HO OTHOC.AT cneAy
~~e. 

PacnpeAeneH~e 4acT~~ np~ Man~x 3Ha4eH~~x p 1 YAOBneTeop~TCnb
HO on~c~eaeTc~ BHPa*eH~eM TepMOA~HaM~4eCKOro T~na E-d3u t dp3-
- exp(-p_ T) np~ T-1 

" 6. 0AHaKo np~ fionbw~x p_ ( ..., 3 + 6 r3B/c ' 
eMy COOTBeTCTBy~T 3Ha4eH~~. KOTOp~e MeHbWe H3MepeHH~X Ha He
CKOnbKO nopAAKOB /CM. p~C. 1/. np~ 3TOM, KaK y~e OTMe4anOCb e~
We, 3aB~C~MOCTb ~HKn~3~BHOrO Ce4eH~A OT p_ B 3TO~ ornacT~ on~
C~BaeTC~ CTeneHHO~ ~YHK~~e~ ny4We , 4eM 3KCnOHeH~~anbHO~. 

B HeKoTop~x pa6oT ax I CM. , Hanp. , tO I yTeepl!<AaeTc~, 4TO ~3o
TponHbl~ xapaKTep pacnaAa TePMOA~HdM~4eCKO~ C~CTeMbl n~waeT BCAKO~ 
HaAe~Abl cornacoeaTb TaKa~ nOAXOA c Ha6n~AaeM~M~ KOppen~~~~M~ xa
paKTep~cntK po~AeHH~x 4aCT~~, ~, e 4aCTHOCT~, c 11an~4~eM 1 1 CTPY~ 1 1 • 

C4~Ta~T TaK~e, 4TO, ~cnonb3YA npocTyiO TepMOA~HaM~4ecKy~ cxeMy, 
TPYAHO HaAeATbC~ Ha 06b.ACHeH~e AOBOnbHO cnO~HOro noeeAeH~~ Ka-
4eCTBeHHOro COCraea, Hanp~Mep, OTHOWeH~~ B~XOAOB pa3n~4H~X 4aC-
T~~ dok du , <b do- ~ AP. OT p . 

11 p " -
3T~ TPYAHOCT~ He YAanOCb npeOAOnerb ~ B HeAaBHO paCCMOTpeHH~X 

ycnO~HCHHbiX eap~aHTaX Tep,.IOA~HaM~4eCKO~ MOAen~ 11 - 10 ' . 

1-1 TCM He MeH€'e, KaK Y'"'<e Ot.lnO YKa'3aHO B~We, M~ OHOBb o6pa~aeM
C~ K Tep,.tOA~HaMI14eCKOMy MexaH~3My po~AeH~~ 4acT~U c 6onbW~M~ P.l· 
noApOfiHbli'i aHan~3 C~Tyau~~, a TaK~e ncpe4~cneHHbiX TPYAHOCTe~ np~
een K 3aKn~4eH~~, YTO WaHCnl Ha ycnex ·raKOrO MCXaH~3Ma AOCTaTOYHO 
een~K~. 0AHaKo, 4T06~ ~x pean~3oeaTb, HeooxoA~Mo npoeecT~ cepb
e3HY~ peKOHCTpyK~~~ nOAXCAa, no KpaMHe~ Mepe, 8 Tpex HanpaeneH~
~X: 

a/ cneAyeT np~H~Tb eo BH~MaH~e coepeMeHH~e npeACTaeneHI1~ o 
CTpOeH~~ aAPOHOBj 

6/ He06XOA~MO y4eCTb, 4TO npo~ecc aApOH~3a~~~. KaK ~ n~6oR 
~a30B!:I~ nepexOA, AOnl'<eH conpoeo~AaT bC~ 6onbw~M~ ~nyKTyau~~MI1. 
Op~4~HO~ ~nyKTya~~~ ~BnAeTc~ ~ KBaHTOBOMexaH~4eCKaA np~POAa c..,c
TeM~; 

B/ cneAyeT TaKl'<e B~.ACH~Tb cne~~~~Ky KOppenAU~OHH~X CBO~CTB 
aAPOH~3a~~OHnoro $a3oeoro nepexOAa e KnacTepHO~ c~cTeMe, pacw~
PA~~e~cA C OKOnOCBeTHOH CKOpOCTb~ . 

Pe3ynbTaTOM r.on~TK~ ocyl!leCT B~Tb 3TY nporpaMMY a nepeoM, rpy -
6oM np~6n~)'(eH~~ ~ ABnAeTc~ ~3naraeMa.A H~~e r-tOAenb. 

II . ~OPMYni-1POBKA MOAEnl-1 

1. Ce4eH~e o6pa3oeaH~~ nonH~x cTaT~CT~4ecK~x KOMnayHA-c~cTeM 
B aAPOHH~X CTOnKHOBeHI1AX. 
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M~ npeAnon a raeM, 4TO AOM~H~py~~~ BKnaA B PO~AeH~e 4aCT~~ C 
6onbWI-:M~ pl. /5, 7 r3B/c/ MOryT BHOC~Tb nonH~e CTaT~CHt4eCK~e 
KOMnayHA-C~CTeM~ /CKC/, BKn~4a~~e BC~ 3Hepr~~ nepB~4H~X aAPOHOB 
~ pacnaAa~~eCA B COOTBeTCTB~~ CO CTaT~CT~4eCK~M~ 3aKOHOMepHO
CTAM~. 

Heo6xoA~MOCTb o6pasoeaH~A raK~x c~cTeM np~ e~coK~x 3HeprHAX 
cneAyer ~3 pean~sauH~ HccneAOBaHH~x e nocneAHee epeMA ea~H~x Ka
Hanoe PO~AeH~A. K H~M OTHOC~TCA, Hanp~Mep , KyMynATHBHOe pO~AeH~e. 

B ~HKne pa6or 117- 201 HaM~ 6~n paseHT $eHoMeHonor~4eCKH~ noA
XOA K On~caHH~ 3THX npo~eCCOB B aAPOH-AAePH~X B3aHMOAe~CTB~AX, 
OCHOBaHH~~ Ha rHnOTe3e 06 06pa30BaHHH KOMnayHA-CHCTeM~ npH B3a
~M0Ae~CTB~H HaneTa~ero aApOHa C OAHHM H3 HyKnOHOB AApa H nocne 
AY~~eM Hap~~eaH~H ee Mace~ sa c4eT o6pasoeaH~A KOMnayHA-CHCTeM, 
BKn~4a~~X B ce6A ABa H 6onee AAePH~X HyKnOHOB. npo~ecc Co6Hpa
HHA KOMnayHA-C~CTeM~ xapaKTep~3yeTCA A8YMA napaMeTpaM~: Ce4eHHeM 
ee o6pasoaaH~A 8 Ka~AOM aKTe Hapa~HBaH~A Mace~ oc ~ epeMeHeM 
~H3H~ 'c . npoBeAeHHOe B pa6ore 1191 cne~~anbHOe HCCneA08aHHe aa
BHC ~MOCTH 3THX napaMerpoe o r 3HeprHH noKasano, 4TO AnA PP-cronK
HOBeH~.:i a c yO~BaeT OT a<' • 0 In npH ~MnynbCe nOPAAKa HeCKOnbKHX 
COTeH M3B/c AO ac "' 0,251n npH PL ., 6 r3B/c, a Sa TeM OCTaeT
CA nocTOAHH~M, no Kpa~He~ Mepe, AO p ~ 400 r3B/c. BpeMA ~~sH~ 

L 

' c y6~eaer c pocro~t 3Hepr~H KaK \s - 1 AO rex nop, noKa eenH4~
Ha ' c . c He AOCTHrHeT pasMepa aAPCHa "' O, f. <!>M /ac~MnTOTH4eCKOe 
nOCTOAHCTBO 'c o6ycnoeneHO TeM, 4TO MHHHManbH~~ npocrpaHCTBeH 
HQ-epeMeHHO~ HHTepean, He06XOAHM~~ AnA pO~AeHHA 4aCT~~~. npH
MepHO paeeH ee pasMepaM/. 

TOT $aKT, 4TO MOAenb, OCHOBaHHaA Ha npeAcTaBneH~H 06 o6paso
BaHHH KOMnayHA- CHCTeM, npH M~HHManbHOM 4HCne napaMe Tp08 OnHc~
eaeT npaKTH4eCKH ace 3aKOHOMepHOCTH npo~eCCOB KyMynATHBHOrO TH
na /cneKrpanbHo-yrnoe~e xapaKrepHCTHKH, A- saeHCH MOCTb e~xo
AOB 4aCT~~ paSnH4HOrO THna B WHPOKOM AHanaSOHe 3HeprH~/ , noseo
nAeT C4HTaTb 3TO npeACTaeneHHe BeCbMa npaBAOnOA06HbiM. 

npH OnHCaHHH npOUeCCOB KyMynATHBHOrO THna $HrypHpy~T KOM
nayHA-CHCTeM~ , pacnaA KOTOP~X He ABnAeTCA CTaTHCTH4eCKHM, a 
nOA4HHAeTCA npHHUHny HAeHTH4HOCTH HMnynbCH~X cneKTPOB 18 . 6y
AeM HaS~BaTb TaKHe CHCTeM~ AHHaMH4eCKHMH KOMn ayHA-CHCTeMaMH 
/AKC/ B OTnH4He OT /CKC/. npeKpa~eHHe cy~eCTBOBaHHA AKC MO~eT 
npOHSOHTH KaK sa C4eT ee pacnaAa a aAPOH~, raK H sa c4eT eos
HHKHOBeHHA B He~ CTOXaCTH4eCKOrO ABH~eHHA, ecnH npAMO~ pacnaA 
He ycnen npoH SOHTH, ro eCTb sa c4eT ee nepexoAa e CKC. ~H~MH 

cnoeaMH, KOHKYPHPY~~He c npoueccaMH AHHaMH4ecKoro paseHTHA AKC 
AHCCHnaTHBH~e npouecc~ MOryT C HeKOTOPO~ eepOATHOCTb~ nepeeeCTH 
ee a CKC. 

nycTb CKOPOCTb paSBHTHA AHHaMH4eCKHX npoueccoe B AKC xapaK
repHSyeTCA epeMeHeM r 1 , a AHCc~naTHBH~X- r2 • TorAa eepOAT-
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HOCTb nepexoAa AKC B CKC np~ 3KCnoHeH~HanbH~X saKoHax pacnaAa 
onpeAenAerc~ e~pa~eHHeM 

1 .oo -t/ rl -t/ r2 't 
P = - J dte (1-e )= --

s '1 0 '1 +~ 

BpeMA ~HSHH AKC: 

r = c 

noACTaenAA /2/ B / 1/, nony4HM 
r 

p = ...£_ 
S T 2 

/1/ 

/2/ 

131 

PasyMHO C4~TaTb~ 4TO r 2 npH6n~~eHHO paeHo epeMeHH aApOH~sa
U~H 'h"' 0,5·10-2 c1 2 11 , a 'c = 0,2·10-23 c 1191 . CneA08arenb
HO, np~6n~~eHHO P8 = 0,4, a ce4eH~e o6paso8aH~A CKC pa8HO: 

a = a • P = O.lo In 
s c s /4/ 

TaKHM o6nasoM, HS cy~ecreoeaHHA AKC H HanH4~ AHCc~naTH8H~x 
npouecco8 e HHX HeHs6e~HO cneAyer cy~ecreoeaH~e CKC. Bonpoc co
CTOHT nHWb 8 eenH4HHe Ce4eHHA, KOTOpOe OnpeAenAeTCA COOTBeTCT
BY~HMH BpeMeHaMH r c H 'h . 0AHaKO HX npH6nH*eHH~e 3Ha4eHHA 
H3BeCTH~, cneAOBaTenbHO , OUeHKa /4/ AOCTaT04HO HaAe~Ha. 

0 TOM, 4TO CTaTHCTH4eCKaA CHCTeMa, HCnyCKa~aA 4aCTHU~ C 
6onbWHMH pl , ABnAeTc A nonHo~. r.e. BKn~4aer e ce6A eaneHTH~e 
KBapKH CTanKHBa~HXCA aAPOHOB, CBHAeTenbCTByeT TOT $aKT, 4TO B 
C06~THAX, B KOTOp~x 1-!MeeTCA aAPOH C p ..L. ~ 2 + 3 r3B/ C, nHAHPy~
~He 4aCTHU~ npaKTH4eCKH OTCYTCTBY~T. 

HraK, AnA ce4eHHA 0 8 o6pasoeaHHA nonHo~ CKC, xapaKrepHsy~
~ero nepey~ cTaAH~ npouecca, ~ npHHHMaeM oueHKy /4/. 

3Ta OUeHKa H npHBeAeHH~e B CBA3H C He.:i apryMeHT~ nOKa3~8a~T, 
4TO ~CnOnb308aHHe B HeKOTOp~X pa6oTaX a8 :: 0~~ C $H3H4eCKO~ 
T04 KH 3peHHA He803MO~HO Onpa 8AaTb. no3TOMy pe3ynbTaT~, nony4eH
H~e, HanpHMep, 8 pa6ore 116/ , aa8~WeH~ He MeHee, 4eM Ha nopAAOK. 

2. Ka4ecr8eHH~H aHanl-13 C80~cre CKC 

06~He 3aKOHOMepHOCTH pa38HTHA H pacnaAa KnacrepH~X CHCTeM, K 
4Hcny KOrop~x OTHOCHTCA 1-1 CKC, 6~m1 paccMorpeH~ paHee l 21 ·221 

- 8cneA sa aKTOM po~AeHHA Knacrep pacwHpAercA c OKonoceero
eo.:i CKOPOCTb~; 

- epeMA aAPOHH3aUHH KBapK-rn~HHOH nna3M~ 'h , COCTaenA~e~ 
Be~eCTBO Knacrepa, KOHe4HO H He 3a8HCHT OT 3HeprHH CTOnKH08e
HHA; 
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- cneKTP~ 4aCTH~, o6paay~HXCR np~~t pacnaAe KnacTepa, on~~tc~
aa~TCR CTaTHCTH4eCKHMH COOTHOWeHHRMH. 

TaKaR cxeMa npeAycMaTp~~taaeT, 4TO KnacTep o6paayeTcR a o6nac
TH c pa3MepoM r0 nopRAKa aAPOHHoro, a pacnaAaeTcR, o6naAaR a 
cpeAHeM paaMepoM 

R"'ro+Crh . /5/ 

3Ta O~eHKa, AOnonHeHHaR y4eTOM KOnneKTHBHOrO ABH~eHHR B 
KnacTepe, noaaon~~tna on~~tcaTb noeeAeH~~te Ha~~t6onee O~Hx xapaKTe
PHCTHK MHO~eCTBeHHOrO PO*AeHHR B aAPOHH~X CTOnKHOBeHHRX B WHpO
KOM HHTepeane 3HeprH~ /20 f38 + 10 T38/ 121 1 

0AHaKo np~~t aHanH3e peAKHX npo~eccoe ycpeAHeHHaR o~eHKa /5/ 
RBnReTCR cnHWKOM rpy6o~. AanbHe~waR AeTanH3a~HR pa3BHTHR CKC 
CBR3aHa c y4eTOM AOnonH~~tTenbH~x ~H3H4eCKHX ~aKTopoe, OTPa*a~~Hx 
peanbH~e CBO~CTBa CHCTe~. 

8 4aCTHOCTH, nOCKOnbKY CHCTeMa RBnReTCR KBaHTOBO~, B03MO~H~ 
CHnbH~e ~nyKTya~HH ee pacnaAHOro COCTORHHR. Aon~HO HMeTb MeCTO 
HeKoTopoe pacnpeAeneHHe eepoRTHOCTH ee pacnaAa np~~t paan~~t4H~x 

o6DeMax /~~tnH epeMeHax/ a cneAOBaTenbHO, "' TeMnepaTypax. CHnbH~e 
~nyKTya~~~~~~~ MOryT 6~Tb B~3BaH~ H CaMHM ~a30B~M nepeXOAOM KBapK
rn~OHHO~ nna3M~ B aAPOH~. 

HanH4He ~nyKTya~~~~~ npHBOAHT K cepbe3H~M Ka4eCTBeHH~M H3Me
HeHHRM BHAa HHKn~3HBHoro cneKTpa aAPOHOB np~~t 6onbw~~tx Pi. AnR 
Hnn~CTpa~HH 3TOrO YTBep~AeHHR paCCMOTPHM ynpo~eHH~~ MeTOAH4ec
KH~ eapHaHT, npHBOAR~HH K pe3ynbTaTy, KOTOP~H, C OAHO~ CTOpOH~, 
C04eTaeT npo3pa4HOCTb aHan~~tTH4ecKo~ ~OPM~, c APYro~ - RBnR eTCR 
BeCbMa o6~HM, 4TO n03BOnReT CAenaTb Ha ero OCHOBe Ba*Hble BbiBO
Abl. 

6yAeM C4HTaTb, 4TO pacnpeAeneHHe dn(p) 4aCTH~ nO HMnynb CaM 
Onpet.~enReTCR COOTHOWeHHeM, cnpaBeAnHB~M AflR 114epHOr011 H3ny4e
HHR. TorAa np~~t P.1.» 1-1 I 1-1- Macca 4aCTH~~/ e c.~.H. cTanKHBaiO
~~~~xcR aAPOHOB HMeeM: 

dn (p ~ ) I ll - V exp (- p1 /T) ctp3 • 
17=90° !6! 

Y4HT~eaR B03MO*HOCTb ~nyKTya~~~~~ pacnaAHOro o6DeMa, HHKn10-
3HBHOe Ce4eHHe MO*HO npeACTaBHTb ~pMynOH 

-p.L / T(V) 
ct

3
a/ dp

3 j - f Ve • f(V)dV, /7/ 
() "' goo 

rAe ~V) - n/lOTHOCTb eepORTHOCTH TOrO, 4TO pacnaAH~H oODeM pa
BeH V • CeRab Me~AY T - TeMnepaTypoH "' V e TaKoM nOAXOAe 

Vs = kVT 4 
/8/ 

6 

11 

K" 3aBHCHT OT KOHKpeTH~X xapaKTep~~tCTHK B036Y~AaeM~X CTeneHeH 
CB060A~ CHCTeM~ /HnH 4aCTH~ B HeH/. 0TCIOAa: 

T-1 = k l.'4 5- l'Syl ' 4 
/9/ 

H BMeCTO /7/ MO*HO HanHCaTb: 

/10/ 
3 3 -kl / 4zv114 

d o / dp - f V.f(V)dVe , 

z ~ p s -I ' 8 
j_ • 

/11/ 

B~6epeM ~YHK~HIO f(V) e AOBOnbHO o6~eM BHAe: 

f(V)- V 0 exp(-#V2). 
/12/ 

O~eHHBaR HHTerpan a I 10/ no MeTOAY Jlannaca ' 23 ' , HMeeM: 

/13/ 
3 3 2 

d a/ dp- I (z.n ):= \- " exp[r,; (V1z))l, 
¢ "(V (z)) n (} 

n 0 

/14/ 
2 1 ' 4 1 14 rAe d> (z,V)==(n+l)lnV- #V -k zV n 

a V o onpeAenReTCR H3 ypaaHeHHR ¢ ~ ( z. V ,. V 
0

) 
neHTHO 

0, 4TO 3KBHea-

-1 14 -1 1 4 1 2 2) z,.4 . k · V · (n+ - /1V 0 . /15/ 

TorAa /13/ MO)f(HO npeACTaBHTb B BHAe 

3 3 n+2 1 2 - 112 2 t/4 • .1 / 4 
d a/ dp- V0 (

0
; +7{3V 0 ) exp[-{3V

0
-k zvo l /16/ 

~~tn~~t 

ct
3
a 

1
dp

3
- vg+

2 
( ~+1 + 7f3V~)- 1 12exp { - 4(n+1))exp(7{3V~). /17/ 

Ha I 15/ H onpeAeneHHR I 11 I BHAHO, 4TO 6onbWHM P l. cooTeeTCTBYIOT 
Man~e Vo . np~~t 3TOM 3KCnOHeHT~ B /16/"' /17/ npaKTH4eCKH He 3a
BHCRT OT Vo H 6nH3KH K 1. 4neHOM, nponop~HOHanbH~M V~ B 3Ha
v.eHaTenRX 3THX ~pMyn, MO~Ho Ta~e npeHe6pe4b . CneAoaaTenbHO: 

(d 3 ' d 3) vn+2 -4(n+2) -4(n+2) a p - -z -p 
' Pl. ae.HtKo 0 J. /18/ 
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H3 /18/ cneAyeT ea~Hoe 3aKn~4eH~e: y4eT $nyKTyau~H pacnaAHOro 
o6beMa C~CTeM~ B paMKaX TepMOA~HaMH4eCKO~ MOAen~ np~BOA~T K 
CTeneHHO~ 3aB~C~MOCT~ ~HKn~3~BHOrO Ce4eH~R OT p~ B 06naCTH 
6onbWHX ero 3Ha4eHH~. B 4aCTHOCTH, nocKOnbKY AnR aocon~THO He
cTa6HnbHO~ C~CTe~ Ha~6onee BepORTH~M 3Ha4eHHeM B /12/ RBnReTCR 
n = 0, TO 

3 -8 ct 3a / dp - p.l /19/ 

M~ B~A~M, 4TO pacnpOCTpaHeHHOe y6e~AeHHe B TOM, 4TO TepMOAH
HaMH4eCKaR MOAenb npHBOAHT n~Wb K 3KCnOHeHu~anbHO naAa~~eMy 
cneKTpy, nHWeHO Cepbe3Hb1X OCHOBaHH~. 0HO RBnHeTCR cnpaBeAn~B~M 
r.HWb B 04eHb 4aCTHOM, a B paCCMaTpHBaeMOM npouecce ~ 3aBeAOMO 
HeOCy~eCTB~MOM Cny4ae, KOrAa 06beM C~CTeM~ CTpOrO $HKC~pOBaH. 

$OpMyna /19/ n03BOnRCT CAenaTb H e~e OAHH ea~H~~ B~BOA: ~H
Kn~3~BHOe ce4eH~e AeMOHCTP~pyeT ceoeo6pa3HOe CKe~n~Hroeoe nose
AeH~e- OHO OnpeAenHeTCR napaMeTpOM Z /CM. /14//, 3aBHCR~HM 
KaK OT p .L , TaK H OT \ S /nO-BHAHMOMY, snep8~e CKe~nHHr TaKOrO 

6 ' 24 3 3 POAa bin OTMe4eH 8 , HO n~Wb AnH o6naCTI-1 pl. , rAe d a j dp 
MO~HO Oni-1CaTb 3KCnOHeHTO~, T.e. np~-1 cpaBHI-'!TenbHO He60nbWI-1X Z 
I - 1/ 1-1 $1-'lKc~poeaHHOM o6beMe pacnaAa. 3TOT cny4a~ TPMBI-'IanbHO 
cneAyeT y~e M3 KOMOMHaU~M 8~pa~eHM~ /6/ ~ /8//. 

nepe~AeM Tenepb K o6cy~AeHM~ sa~Horo eonpoca o BHYTPeHHeM 
COCTORHMH CKC ~ ero pa3BMTHH BO epeMeHM. ao pacnaAa BHyTpeHHee 
COCTORHMe CKC HBnReTCR COCTORH~eM KBapK-rnOOHHO~ nna3M~. 

PaBHOBeCHaR KBapK-rnOOHHaH nna3Ha, HMe~~aR KBaHTOB~e 4HCna 
BaKyyMa, xapaKTep!-13yeTCR 4HCnOM CTeneHeH CB060A~ '' = 52 = 3 
/KBapKa/ X 2 /y4eT aHT~KBapK08/ X 3 /u8eT/ X 2 /cn~H/ + 8 /rn~
OH~/ X 2 /nOnRpH3aUMH/. 

CneAOBaTenbHO, COOTHOWeHI-'Ie Me~AY nnOlHOCTb~ 3HeprHH 1-1 TeMne
paTypo~ ' 25 ' : 

8 

1 3 15 7 4 3 4 c ., 6 ( ~ 6 ( "' ---!..- T "' 1, 96 . 1 0 T 
- t (he) a • /20/ 

rAe 

4 11 "" k 3 dk K17 4 

c 17 = (217h;)r/ -;;exp(k/ T) ~(hc)3 T /21/ 

17 = +1; 0; -1 AnR CTaTHCTHK $epMH-aHpaKa, 6onbUMaHa 1-1 6o3e-
3~HWTeHHa, COOTBeTCTBeHHO 

K "'0 29 · +1 ' , K
0

..,0,30; K_
1 

= 0,33 _ /22/ 

~ 

.J 

B TaKO~ nna3He nnoTHOCTb AaHHOro BHAa KeapK08 

4 17 
00 

k2 dk 3 
n = 6---3 f -- =66,23T . 

qi (217hC) 0 l + ek/ T 

HnH, c y4eTOM /20/, 

0 q
1 
"'0,225(E)~ 

v 

/23/ 

/24/ 

B CKC, o6pa3y~e~cR e pe3ynbTaTe e3aHMOAe~CTBHR aAPOHOB, npM
cyTcTey~T Ta~e saneHTH~e KBapKH, KOTOpble HeOOXOAMMO Y411Tb1BaTb 
8 3HepreTH4eCKOM 6anaHce /20/. TaK, AnR pp - 83aHHOAe~CTBHi1 -
eaneHTH~X KeapK08 6. CneA08aTenbHO, 8HeCTO /20/ nony4HM 

- 3 4 ys=1,96.10VT +19,7T 

nnOTHOCTb AaHHOrO 8HAa K8apK08: 

n Q. = 66,23 T 3 + N v. I V . 
I I 

/25/ 

/26/ 

rAe T onpeAenReTCH H3 /25/, a Nvi- 4HCno KeapKoe AaHHuro 
Copra CpeAH BaneHTHbiX KBapK08 CTanKHBa~HXCR aAPOHOB. 

AAPOHH3aUHOHH~~ $a3o8~i1 nepexoA MO~eT npoH30i1TH Ha Jl~6o~ 
cTaAHH pa38HTHR CKC. Y4HTb1BaR orpaHH4eHMe, HaKnaAbleaeHOZ npHH
UMnOM HeOnpeAeneHHOCTei1, ero AnHTenbHOCTb 

~ T h >- h / E . /27/ 

rAe E - cpeAHRR 3HeprHR 4acTHU, o6pa3y~HXCR npH TaKOM nepexo
Ae. anHrenbHOCTb ¢1QpM!~poeaHHR 4aCTI-'U c 3HeprHeH E » E 

\r « ~T • 
h /28/ 

CneAoeaTenbHO, po~AeHHe HaH6onee 3HeprH4HbiX 4aCTHU npoHCXOAHT a 
caMOM Ha4ane ~a3osoro nepexoAa /KOrAa TeMnepaTypa CHCTeM~ eblwe/. 

Ho e 3TOT MOMeHT OCHOBHaH Hacca CKC e~e HaXOAHTCR a cocTOR
HHH KBapK-rn~OHHO~ nna3M~. no3TOMY MO~HO C4HTaTb, 4TO H3ny4eHHe 
TaKHX 43CTHU HacneAyeT TeHnepaTypy nna3Mbl. 0AHaKO H 3TOrO OKa-
3~BaeTCR HeAOCT3T04HO. CAenaHHOe Bblwe npocToe npeAnono~eHHe o 
TOM, 4TO 06pa30BaHHe 4aCTHU C 6onbWHMM P.l npo~CXOAHT nocpeACT 
BOM HX ~3ny4eHHR ~3 paBHOBeCHOH KBapK- rflOOHHOH nna3M~ /KaK 3TO 
CAenaHo,HanpHMep, a ' 161/, npOTHoope4HT 3KcnepHMeHTy. 
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B paeHoeecHOM cny~ae OTHOWeHHe B~XOAOB aHTHnpOTOHOB K K -Me-
30HaM lo6e ~aCTH~~ He COAeP*aT eaneHTH~X KBapKOB CTanKHBa~HXCR 
aApOHOBI B Ka*A~~ MOMeHT epeMeHH t OnpeAenReTCR B~Pa*eHHeM 

i_ 2 -(V p2+m~- V p2+J.12 ) I T (t) -
z e p K· 2 K- ~ e 

0TC~Aa npH n~60M 

m]) -Jt K-

2pT(t) 

p 

/ 29/ 

C POCTOM p OTHOWeHHe ~- AOfl*HO paCTH. 
CneAOBaTeflbHO, H Ha6n~AaeMOe OTHOWeHHe IT.e. npOCyMMHPOBaHHOe 
no seeM t I ~Ofl*HO TaK*e yeenH4HBaTbCR npH yeenH~eHHH p . 0AHaKo 
B 3KCnepHMeHTe npH E p = 400 f38 B HHTepeane P.L OT 2 AO 4 f3Bic 
OTHOWeHHe p i K- naAaeT npHMepHo e 3-4 pa3a ' 26 ' . TaKoe no eeAeHHe 
MO*eT OfioRCHRTbCR TeM, ~TO nnOTHOCTH KBapKOB nq

1 
Ha paHHHX CTa

AHRX pa3BHTHR CKC 3Ha4HTenbHO HH*e paeHoeecH~x, H eepORTHOCTb 
nORBfleHHR AOnOflHHTeflbHOrO KBapKa, OTCyTCTBy~ero cpeAH BafleHT 
H~X, RBflReTCR MaflO~ BeflH~HHO~, yMeHbWa~e~CR C yMeHbWeHHeM t . 
18 COCTaB K- - Me30Ha BXOAHT ABa TaKHX KBapKa, a B COCTaB aHTH
npOTOHa- TpHI. 3TO npeAnOflO*eHHe HaXOAHTCR B COOTBeTCTBHH C 
noeeAeHHeM APYrHx OTHoweHH~: K- I "- , K -;' K + , p 1 "- . TaK, 
HanpHMep , H3 Hero CfleAyeT, ~TO npHBeAeHHH~e e / 26/ OTHOWeHHR B~

XOAOB P/IT - H K-j" - A0fl*Hbl fibiTb CBR3aHbl COOTHOWeHHeM 

(K -/ !T-)., v'( p / IT-), /301 

0 TOM, ~TO 1301 Ae~CTBHTenbHO npHfiflH*eHHO B~nOflHReT CR , MO*HO 
CYAHTb no TafinH~e. 

Ta6nH~a 

p l (T')U/c) u,77 1,!6 !,54 2,3! 3,08 3,85 4,61 5,38 6, 15 
K-j"- 0 ,17 0,21 0 ,25 U,27 U,27 U,24 0,19 0 ,13 0,06 

yp/ rr- 0,26 0 , 32 U,33 0 ,31 0 ,26 Q,2u 0,14 U, I3 U,14 

TaKHM o5pa30M, Ka~ecTBeHHbl~ aHanH3 cocTaea 4acTHU c 5onbWHMH 
Pl npHBOAHT HaC K O~eHb Ba*HOMY B~BOAy: KBapK-rn~HHaR nna3Ma, 
cocTaenR~aR CKC, Ha paHHHX cTaAHRX ee pa3BHTHR He RBnReTCR 
paeHOBeCHOH. 

npH nOCTpOeHHH MOAenH 3TOT ~aKTOp AOfl*eH 5b1Tb y~TeH, 

3. 0CHOBHble COOTHOWeHHR MOAeflH 

Pe3yflbTaTbl npoeeAeHHOro eblwe npeAsapHTenbHOro aHanH3a CHTya
UHH n03BOflR~T Tenepb nepe~TH K HenocpeACTBeHHO~ ¢opMynHpOBKe 
MOAeflH. 

10 

3a. Hepa e HoeecHaR KeapK- rn~HHaR nna3Ma 

~CHO, ~TO Ha AaHHOM 3Tane H3y~eHHR npouecca He HMeeT CM~Cna 
nepeyTO~HRTb 3aAa~y. C APYrO~ CTOpOHbl, KOppeKTHOe OnHCaHHe He
paBHOBeCHbiX npoueCCOB H CaMO nO ce5e RBflReTCR CflO*HO~ npofineMO~. 
no3TOMy 3AeCb Mbl OrpaHH~HMCR nOCTpOeHHeM ynpo~eHHOH CXeMbl, npH-
3BaHHOH nHWb sec bMa rpy5o oTpa3HT b npeAnona raeMble OCHOBHble ~ep

Tbl AHHaMHKH pa3BHTHR H pacnaAa CKC. 
6yAeM C~HTaTb, ~TO TaK *e, KaK H B 06~eM cny~ae 1211 , npH ~op

MHPOBaHHH CKC 3~eKTHBHOe B3aHMOAei1cTBHe rn~OHHbiX KOMnOHeHT 
CTaflKH Ba~~HXCR aAPOHOB CHflbHee , ~eM KBapKOBbiX KOMnOHeHT. TOrAa 
rn~OHHaR KOMnOHeHTa CKC npHXOAHT K paeHoeecHoi1 nnoTHOCTH npaKTH
~eCKH cpa3y ecneA 3a o5paaoeaHHeM CKC. BoccTaHoeneHHe *e paeHo
eecHO~ nnOTHOCTH KBaPKOBOH KOMnOHeHTtl lnpouecc, HeOOXOAHMbl~ AflR 
aAP0HH3aUHH KnacTepal npOHCXOAH T flHWb ~epe3 HeKOTOpbl~ npoMe*YTOK 
BpeMeHH IKCTaTH, 3TO OAHa H3 n pH~HH, o6yCfl0BflHBa~HX B03HHKHOBe
HHe CHC TeM KflaCTePHOrO THnal. 8 COOTBeTCTBHH C 3THM nonaraeM, 
4TO MepO~ OT KflOHeHHR OT COCTO RHHR paBHOBeCHR RBflReTCR pa3HOCTb 

(ng. - !lq 
1 

) , rAe n Qi - paBHOBeCHaR nflOTHOCTb KBapKOB COpT a 
"i 

1 
", JifaR CKOPOCTH ee H3MeHeHHR B flHHeHHOM npHOflH*eHHH MO*HO Ha

nHCaT b ypaeHeHHe: 

d (n" - n q ) / dt ·- - }- ( n°q - n ). 
Qj I Q 1 Q i 

/311 

nycTb KBapKH COpTa I OTCyTCTBY~T cpeAH eaneHTHbiX KBapKOB 
CTaflKHBa~HXCR aApOHOB, a BKnaAOM 11MOPCKHX11 KBapKOB MO*HO npe 
He6pe~b. TorAa Ha~anbHbiM ycnoe HeM AflR ypaeHeHHR 131 1 5yAeT: 

nqi= 0 t ~ o. 

PeweHHeM /311 c y~eToM /321 RBnReTcR BbiPa*eHHe: 

-t/ 'q 
n = n° (1 - e ) . 

qi q i 

1321 

/33/ 

nocKOflbKY napaMeTp 'q xapaKTepH3yeT CKOPOCTb BOCCTaHOBfleHHR 
paeHOBeCHO~ KBapKOBO~ KOMnOHeHT~, a HMeHHO 3TOT npo~ecc npHBO

AHT K aAPOHH3aUHH Kfla CTepa, ecTeCTBeHHO nOflO*HTb T q ~ 'h · 
Tenepb 3HepreTH~ecKH~ 6anaHc MO*HO n peACTaBHTb e BHAe: 

- -tl rh 3 4 
y s = 1305 (1-e )VT0 T +660VT + 19,7T. /341 

8 npaeo~ ~aCTH 1341 nepBbiH ~fleH COOTBeTCTByeT BKflaAy BHOBb 
06pa3yeM~X KBapKOB, BTOpOH - BKnaAY rn~OHOB, TpeTH~ - BKnaAY ea
neHTHbiX KBapKOB. To - TeMnepaTypa pasHOBeCHOH KBapK-rflOOHHOH 
nna3Mbl. ~3 COOTHOWeHHR 1341 onpeAeflReTCR TeMnepaTypa HepaBHO
BeCHOH KBapK-rflOOHHOH nna3Mbl H, CfleAOBaTeflbHO, TeMnepaTypa H3-
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ny4eHH~ HaH6onee 6~cTp~x aAPOHOB H3 CKC. nnoTHOCTH KBapKOB B 
TaKO~ CHCTeMe C y4eTOM eaneHTH~X KBapKOB CTanKHBa~HXC~ aAPOHOB 
onpeAen~~Tc~ e~pa*eHHeM 

-t/ r 
nq. - Nv / V + n ° (1-e h). /35/ 

I I Qi 

0TMeTHM, 4TO C~OPMynHPOBaHHOe OnHCaHHe HepaBHOBeCHO~ KBapK
rn~OHHO~ nna3M~ ~Bn~eTC~ AOBOnbHO rpy5~M . 0AHa H3 npH4HH - HC
nOnb30BaHHe nHHe~HOrO npH5nH*eHH~ An~ CKOpOCTH H3MeHeHH~ COCTO
~HH~ S HanpasneHHH paSHOSeCHR. 0AHaKO ~ nonaraeM, 4TO TaKOe 
OnHCaHHe COOTSeTCTByeT nQKa COspeMeHHOMy ypOBH~ HH~pMaUHH 06 
3TOM 05DeKTe. 

36. ~HSapHaHTHOe Ce4eHHe PO*AeHH~ aApOHOS C 50nbWHMH p~ 

Y4HT~SaR KOHKypeHUH~ Me*AY AHHaMH4eCKHM H CTaTHCTH4eCKHM 3a
KOHaMH pacnaAa KOMnayHA-CHCTeM~ H npeAnOnaraR, 4TO sepORTHOCTb 
pacnaAa CKC e pa3nH4H~e MOMeHT~ speMeHH t pacnpeAeneHa no 3Kc
noHeHuHanbHOMy 3aKOHy, HHSapHaHTHOe Ce4eHHe PO*AeHH~ 4aCTHU 1 
o6pa3y~HXCR npH pacnaAe CKC, MO*HO npeACTaBHTb e BHAe: 

d
3
"i Eo "" -to/ 'c -~o/ rh 00 -E / T( tl-t/ r 

E-:;:-:rd = (2 c ) 3 J dt0 e (1-e )·J dtg
1
(t)V(t)e e h. 

P 'c'h "he 0 1o /36/ 

· B /36/ r c H r h - speMeHa *H3HH LlKC H CKC , COOTBeTCTBeHHO. 
V (t) - o6beM, a T(t) - TeMnepaTypa CKC e MOMeHT speMeHH t • 

to - 03Ha4aeT MOMeHT SpeMeHH 1 Ha4HHa~ C KOTOpOrO, CHCTeMa pa3-
SHBaeTCR no KaHany CKC. B /36/ g i (t) - cTaTHCTH4eCKH~ sec 4ac
THU COpT a 11 i 11 • 

BseAeHHe 3aBHCHMOCTH g 1 OT t R en~eTcR CYUieCTBeHH~M npeAnO
no*eHHeM MOAenH, no3son~~~HM 3~¢eKTHBHO Y4HT~BaTb npH Man~x t 
BnHRHHe OTnH4HR nnOTHOCTe~ KBapKOB OT HX paBHOBeCH~X 3Ha4eHH~ 
Ha npouecc H3ny4eHHR CKOHCTpyHpOeaHHOrO H3 HHX peanbHOrO aAPOHa. 

KoHKpeTHO, Mbl npeAnonaraeM npocTe~wy~ 3aBHCHMOCTb g
1
(t) 

() b~ git '" t;nn o 
j Qj 

/371 

B /37/ g j - o5~4H~~ CTaTHCTH4eCKH~ sec 4aCTHU copTa i , onpe
Aen~~H~CR HX KSaHTOS~MH 4HCnaMH, n q· (t) - nnOTHOCTb KBaPKOS 
COpTa j B HepaeHOBeCHO~ /35/, a ~~- B paBHOBeCHO~ /26/ 
nna3Me npH TO~ *e nnOTHOCTH 3HeprHH. npOH3BeAeHH~ B 4HCnHTene H 
3HaMeHaTene B~pa*eHH~ /37/ HMe~T COMHO*~ITenH, COOTBeTCTSY~He 
BCeM BaneHTH~M KBapKaM, COAep*a~HMCR B aAPOHe COpTa i 

B /36/: 

V(t) = : "(r 0 + ct)2 (2r 0/ y0 +ct), 
138! 
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rAe Yo - nopeHU ~aKTOP CTanKHBa~~HXCR npOTOHOB B CHCTeMe HX 
UeHTpa Mace. MeHRR B /36/ nOPRAOK HHTerpHpOBaHHR H HHTerpHpy~ 
no t 0 1 npHXOAHM K cneAy~eMy B~pa~eHH~ An~ HHBapHaHTHOrO Ce4e
HHR: 

E d 3oi = Eac j dtg. (t)V(t)e-E/ T e-t/ rh 
dp3 rh (217 h C ) 3 0 I 

-t/ rb 

11 
'h(1-e ) -t/ r . ------e c I. 

'c + 'h /39/ 
B~pa*eHHR /38/, /39/ onpeAenR~TCR 3Ha4eHHRMH 4eT~pex eenH4HH: 

ac , r c , 'h H r0 . Ce4eHHe o6pa3osaHHR KOMnayHA-cHcTeM ac H 
HX epeM~ *H3HH 'c ycTaHoeneH~ npH aHanH3e npoueccoe KyMynRTHe
Horo THna 1 191 /ac,. 0,25 a 10 ; 'c ~ 0,6 ~M/c/. BpeM~ aAPOHH3a
UHH 'h RBnReTCR 05~e~ xapaKTepHCTHKO~ KBapK- rniOOHHO~ nna3M~, 
He csR3aHHO~ c KOHKpeTH~M KaHanoM o6pa3oeaHH~ CKC. Ero oueHKa 
npOH3BOAHnacb paHee Ha OCHOSe aHanH3a MHO~eCTSeHH~X npoueCCOB~ I : 

napaMeTpOM, CBO~CTBeHH~M CKC, RBnReTCR Ha4anbH~~ paaMep CHC
TeM~ r 0 . 0AHaKO ero BenH4HHa BeCbMa *eCTKO $HKCHpyeTCR ycnOBHR
MH pa3BHTHR npouecca. C OAHO~ CTOPOH~, OH He MO*eT ~Tb Cy~eCT
BeHHO MeHbWe pa3MepOB aApOHa, nOCKOnbKY rniOOHHaR KOMnOHeHTa, 
exoAR~aR e CKC, 3aHHMaeT secb o6DeM aAPOHa H, no cyTH Aena, on
PeAen~eT 3TH pa3Mep~. C APyro~ CTOpOH~, KOMnayHA-CHCTeMa AO ne
PeXOAa B CTaTHCTH4eCKY~ CTaAH~ He MO*eT cy~eCTBeHHO yeenH4HTb 
CBOH pa3Mep~, TaK KaK 3TO CSR3aHO C AHCCHnauHe~ 3HeprHH H, cne
AOBaTenbHO, c B~XOAOM H3 KaHana AKC. no3TOMY Ha4anbH~~ pa3Mep 
CKC AOn~eH 5~Tb c xopowe~ T04HOCTb~ paeeH Ha4anbHOMY pa3Mepy 
aAPOHa. 0TKnOHeHH~ B TY HnH HHY~ CTOpOHy B03MO~H~, rnaBHbiM o6-
pa30M1 3a c4eT HeonpeAeneHHOCTH caMoro TepMHHa "pa3Mep aAPOHa". 

TaKHM o5pa30M, e H3no~eHHO~ MOAenH CKC AnR onHcaHH~ HHKn~-
3HBH~x cneKTPOB 4aCTHU C 60nbWHMH p~ ~aKTH4eCKH He HCnOnb3y~T
CA ceo60AH~e napaMeTp~. OcHOSHO~ ee npOH3eon 3aKn~4aeTCR e npeA
nono~eHHH 0 npouecce ycTaHOBneHHA paBHOBeCHR B KBapK-rn~OHHO~ 
nna3Me /31/ H npeAnOnO~eHHH /37/ 06 H3ny4eHHH aAPOHOB H3 Hepae
HOBeCHO~ nna3Mbl. 

3B. [lByX4aCTH4H~e KOppenRUHH 

B paMKax onHCaHHO~ cxeM~ HMe~TCR ~aKTOp~, cnoco6cTSY~He eoa
HHKHOBeHH~ KOppen~UHOHH~X 3~~eKTOB. 3AeCb ~ KpaTKO OCTaHOBHMCR 
Ha ABYX, KOTOp~e S npe~HHX pa6oTaX He npHHHManHCb BO BHHMaHHe. 

nepB~~ ~aKTOp COCTOHT B COrnaCOSaHHOCTH B~neTa 4aCTHU SO Spe
MeHH. _nycTb npH pac naAe CKC o5pa3oeanacb 4aCTHUa "1" c 3HeprHe~ 
E 1 ..,., E. CaM ¢aKT ee noReneHHR c 6onbwos:1 eepo~THOCTbiO 03Ha4aeT, 
4TO aAPOHH3aUHOHH~s:1 ~a30B~~ nepe XOA Ha4anCR Ha paHHHX CTaAHRX 
pa3BHTHR CKC, T.e. npH r, <rh • npH 3TOM o 6pa3oeaHHe 4aCTHU~ 
npoHaowno e npoMe~yTKe epeMeHH OT t 1 AO t 1 + \ t 1 /rAe ~t 1 "' 

"' h E 1 << 'h I, nocKOnbKY e nocneAYIO~He nepHOA~ epeMeHH TeMnepa-
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Typa CKC pe3KO na~aeT, ~ 8~neT 3Hepr~4HO~ 48CT~4~ no~aeneH. ~py
raR 48CTH48 

11 
2", pO~~a~~aRCR 8 TOM ~e aKTe, ¢opM~pyeTCR 8 HH

Tep8ane 8peMeH~ OT t 1 ~o t 1 ~i\ t 2 lr~e ~t2"h 1 E2 I . EcnH ~ 
~nR 4aCTHLI~ "2 " E2 ->> E , TO o6e 4aCTHLibl po>K~a~TCR npaKT~4ecK~ 
O~H08peMeHHO, T.e. np~ o~HOH H To~ ~e TeMnepaType CKC. Cne~oea
TenbHO, ce4eHHe po~~eH~R ~8yx 3Hepr~4H~x I E

1 2
>> E I 48CT~l.l 

MO~HO npe~CTa8~Tb B 8~~e: • 

E 1+E2 -t,'rh 
6 3 3 ac "" 2- T ·trh rh(l-e) -r 'rc daldpid~ --- -~( dtg 1(t)g2(t)V(t)e e · !1------ -e I 

~ r h (2" he) 0 r c ' r h I 4 0 I 
B e~pa>KeH~e 1401 3HeprH~ 4aCT~LI BXOART 8 8HAe cyMMbl. TaKaR 3a8H
C~MOCTb COOTBeTCT8yeT Ha6n~~eHt.1RM 8 /27 ! , r~e OTMe4eHO no~OOHe 
~eyx4acT~4Horo pacnpe~eneHHR KaK ¢1YHKLI~H or p

1 
+ p2 , O~H04ac

T~4HOMy pacnpe~eneHH~. 

BTOPOH ¢laKTOp t.1MeeT KHHeMaTt.14eCKY~ np~po~y . np~ B~nere 4aCT~-
4~ c 6onbWHM ~MnynbCOM CKC nony4aeT ~Mnynbc or~a4H. O~HaKo , no
CKOflbKY CKC pacw~pReTcR c oKonoceeroeoH cKopocTb~, 3TOT HMnynbc 
He MO>KeT fibiTb BOCnp~HRT 8CeH C~CTeMOH - t.1Ha4e He 6y~eT Cofin~~eH 
np~Hl.l~n np~4HHHOCT~ . ~MnyflbC OT~a4~ CMO~eT 80CnpHHRTb fl~Wb HPKO
TOpaR 4aCTb ee~eCT8a CKC , noKan~308aHHaR 86n~3H o6nacTH ¢lOPMHpo-
8aHHR 3HeprH4HOH 4aCTt.14~· Ee pa3Mep cne~yer Ol.leHHTb, HCnOnb3YR 
3 KCnep~MeHT. 

ConocTaeneHHe c¢opMynHpoeaHHO~ MO~enH c 3KcnepHMeHTOM H 8bl80-
Abl A8Hbl 80 8TOpo~ 4aCTH 3TO~ pa60T~. 
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