
vo~!t 

H.C.AMeJIHH, B.C.BaparneHKOB, 
A.M.3aAopo~Hw~, B.~.KocTeHKO 

PEnHTMBMCTCKAH MO~E]b 

COOfilllBHMR 
OtibBAMHBHHOrO 

MHCTMTYTa 
RABPHbiX 

MCCDBAOBaHMM 

AYfiHa 

~.,~ 
P2-81-709 

83AMMO~EHCTBMH MHOrOKBAPKOBhlX CMCTEM 

1981 



A 

np~ HeynpyrOM CTOnKHOBeH~~ B~COK03HepreT~4eCK~X aApOHOB 
o6pa3y~TCR pe3KO B~AeneHH~e no 3Hepr~~ n~A~PY~~~e 4aCT~~~ 
~ npoT~eononomHo HanpaeneHH~e /a c~cTeMe ~eHTpa Mace/ yaKo 
KOnn~M~pOBaHHble ny4K~ OCTanbHbiX BTOp~4HbiX 4aCT~~, B3a~MOAei1-
CTB~e MemAY KOTOp~M~ HaCTOnbKO Ben~KO, 4TO B Te4eH~e HeKOTO
poro epeMeH~ ~x MOmHo paccMaTp~eaTb KaK eA~H~e o6paaoeaH~R -
MHoroKeapKOBble c~cTeMbl /"<)>ai1p6on~ 11 , p~c. 1 I. Ecn~ cTonKHoee
H~e npo~CXOA~T BHYTP~ RApa, TO, npemAe 4eM paaneTeTbCR Ha oT
AenbHble 4aCT~~bl, TaK~e C~CTeM~ MoryT ycneTb npOB3a~MOAeMCTBO
eaTb co cneAY~~~M~ BHYTP~RAePH~M~ HyKnoHaM~. O~eHK~ noKaa~ea
~T. 4TO np~ 3Hepr~RX T > 10 r3B * o6MeH <)>ai1p6onaM~ AaeT 3Ha-
4~TenbH~A BKnaA/1/ ~ RB~ReTCR OAHOM ~3 np~4~H 3aB~WeH~R no 
cpaeHeH~~ C 3KCnep~MeHTOM MHOmeCTBeHHOCT~ 4aCT~~. paCC4~TaH
HOM c noMO~b~ o6bi4Horo MexaH~3Ma BHYTP~RAePHbiX KacKaAOB /Kor
Aa KaCKaA paccMaTp~eaeTCR KaK 11AepeB011 K~HeMaT~4eCK~ CBR3aHH~X 
ABYX4aCT~4HbiX B3a~MOAeMCTB~M/ /.1,21,, 

PHc.l. CxeMa o6paaoeaHHH nHAH-

PYIDmHX qacTH~ H ysKo KonnHMH-
poBaHHbiX nyqKQB BTOpHqHbiX qac

TH~ npH HeynpyroM CTOflKHOBeHHH 

BWCOK03HepreTHqeCKHX aApOHOB, 

=s--n I ::: 
~ -----.q;;;;. 

MHoroKeapKOBble <)>a~p6on~ MoryT o6paaoBb1BaTbCR TaKme np~ 
MHOro4aCTH4HbiX B3aHMOAeMCTBHRX, KOrAa C HyKnOHOM RApa B3aHMO
Aei1CTByeT cpa3y HeCKOnbKO 4aCTH~, Me30HOB H HyKnOHOB, POAHBWHX
CR B npeAWeCTBY~~HX BHYTPHRAepHbiX CTOnKHOBeHHRX /3/, 

Bo ecex 3THX cny4aRx AnR pac4eTa BHYTPHRAePHbiX npo~eccoe 
He06XOAHMO 3HaTb Ce4eHHR B3aHMOAei1CTBHR <)>ai1p6onoe, KOTOpble 
3aBHCRT OT nnoxo H3BeCTHbiX CBOi1CTB MHOrOKBapKOBbiX CHCTeM; <)>aK
TH4eCKH 3AeCb npHXOAHTCR pewaTb o6paTHY~ 3aAa4y - noA6HpaTb 
3TH Ce4eHHR, cpaBHHBaR KaCKaAHble pac4eTbl C 3KCnepHMeHTanbH~MH 
AaHHbiMH. DAHaKo npeABapHTenbHble npeACTaeneHHR o eenH4HHe ce4e
HHA, a rnaBHOe - 0 xapaKTepe HX 3aBHCHMOCTH OT 3HeprHH H CBOACT~ 
CTanKHBa~~HXCR 06beKTOB, MOmHO nony4HTb C nOMO~b~ penRTHBHCT-

* 3AeCb H HHme T - KHHeTH4eCKaR 3HeprHR HaneTa~~ei1 4aCTM~bl 
/HnH CHCTeMbl B pac4eTe Ha OAMH KBapK/ B CHCTeMe KOOPAHHaT, rAe 

4aCTM~a-MMWeHb HenOABHmHa. o ... b~:.:~·~;r-~n~> .. ··~ "1iil~·r.·;i"\·; 
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CKOrO o6o6~eH~~ A~¢paK~~OHHOH Teop~~ rnay6epa 14(3T~ npeACTaB
neH~~ nOACKa3biBaiOT onpeAeneHHble nOAXOAbl K ¢eHOMeHonor~4eCKOMY 
on~caH~IO B3a~MOAeHCTB~H MHOrOKBapKOB~X C~CTeM. 

Ecn~ paccMaTp~saTb onpeAeneHHYIO ¢OPMY pacnpeAeneH~~ KBap
KOB B ¢ai1p6one, TO B COOTBeTCTB~~ C Bblpa>KeH~~M~, np~BeAeHHbi

M~ a pa6oTe 14~aen~4~Ha TeopeT~4eCK~ nony4eHHoro ce4eH~~ ynpy
roro pacce~H~~ N -KaapKosoro ¢ailrp6ona o~eAen~eTc~ era Mac
coilr MN, cpeAHeKBaApaT~4H~M paA~YCOM <rl>

1 ~ aMnn~TYAOilr yn
pyroro KBapK-KBapKOBOrO B3a~MOAeHCTB~~: 

2 
j"(q) =(a +i,B)e-yq /1/ 

/MOlKHO C4~TaTb, 4TO np~ B~COK~X 3Hepr~~X KBapK~ ~ aHT~KBapK~ 

B3a~MOAeHCTBYIOT OA~HaKOBO/. 
M~ 6yAeM npeAnonaraTb, 4TO npocTpaHcTBeHHoe, a 304Hee -

pen~T~B~CTCK~ ~HBap~aHTHOe npOCTpaHCTBeHHo-speMeHHOe pacnpe
AeneH~e Ka>KAoro KBapKa a ¢ai1p6one on~CbiBaeTc~ nopeH~-~Hsa

p~aHTHOi:l rayCCOBCKOH BOnHOBOH ¢yHK~~ei1. 3TO OTBe4aeT 4-MepHo
MY OC~~nn~TOpHOMY noTeH~~any Me>KAY KBapKaM~ - np~6n~>KeH~IO, 
KoTopoe a HacTo~~ee apeM~ ~cnonb3yeTc~ so MHor~x TeopeT~4e
CK~x pa6oTax. 

4To KacaeTc~ Maccbl ¢ai1p6ona, TO 3Ta sen~4~Ha, KaK ~ 4~cno 

BXOA~~~X B COCTaB ¢ai1p6ona BaneHTHbiX KBapKOB, ~Bn~eTC~ 11 3a
AaBaeMbiM napaMeTpOM 11

, onpeAen~eMbiM KOHKpeTHOH MOAenbiO o6pa3o
BaH~~ ¢ai1p6onos np~ Heynpyr~x CTOnKHOBeH~~x BbiCOK03HepreT~-

4eCK~X aAPOHOB. 0AHaKo, ecn~ ~Mnynbc~ 4aCT~~. B~neTaiO~~X np~ 

pacnaAe ¢ai1p6ona, KaK 3To nOACKa3biBaiOT onbiTbl, npoaeAeHHble 
np~ a~coK~x 3Hepr~~x, 6n~3K~ Me>KAY co6oi1 no sen~4~He ~ Hanpas
neH~Ki, TO Macca ¢ai1p6ona Bblpa>KaeTC~ 4epe3 MaCCbl BTOp~4HbiX 
4aCT~~: 

2 2 ( ) 2 MN=(Imi) =nm+nbmh , /2/ 

rAen ~ nh - MHO>KeCTBeHHOCT~ PO>KAaiO~~XC~ Me30HOB ~ 6ap~OHOB; 
m ~ mb - ~x Mace~. nocKonbKY a o6nacT~ a~coK~x 3Hepr~i1 Me3o
Hbl pO>KAaiOTC~ B OCHOBHOM 4epe3 pacnaA pe30HaHCOB, TO n .::'n 1/2, 
rAe n" - 4~Cno BTOP~4H~X "-Me30HOB, am ~ mh MOlKHO np~6n~>KeH
HO C4~TaTb paBH~M~ Macce p-Me30Ha ~ HyKnOHa. 

PaA>1YC ¢ai1p6ona <r ~> l,i MO>KHO O~eH~Tb, OCHOBbiBa~Cb Ha npeA
nono>KeH~~ 0 TOM, 4TO B MOMeHT, npeAWeCTBYIO~~H aAPOH~3a~~~ KBap
KOBOH C~CTeMbl, nnOTHOCTb Be~eCTBa B HeH np~6n~3~TenbHO nOCTO~H
Ha, He3aB~C~Mo aT 4~cna pO>KAaiO~~xc~ aApOHOB *.. B 4aCTHOCT~, 

----
*3TO npeAnOnO>KeH~e COOTBeTCTByeT ~Aee H.H.noMepaH4yKa 0 TOM, 

4TO paBHOBeCH~H npocTpaHCTBeHH~H 06beM, B KOTOPOM npo~CXOA~T 
pO>KAeH~e 4aCT~~, nponop~~oHaneH ~x 4~cny 16,61,, 
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VN/N=V3 /3 IV - o6beM/, OTKYAa cneAyeT 

<r2> 112 = (.!!)113 [<r 2> _ _!.] 1/2 = 4,2N 118, 10-14, 
N ~ M2 

/3/ 

rAe <r 2>11t M- 3Kcnep~MeHTa!lbHO Ha6!110AaeMbli1 cpeAHeKBaApaT~4-
HbiH paA~YC ~ Macca HyKnOHa /eM. ¢opMynbl /23/ ~ /24/ B 111/. 

KaK B~AHO, pa3Mepbl ¢ai1p60!10B, COOTBeTCTBYIO~~X cpeAH~M 
MHO>KeCTBeHHOCT~M 4aCT~~ B o6naCT~ 3Hepr~H, He npeBbiWaiO~~X 

HecKonbK~x T3B /eM. H~>Ke/, 6n~3KH K pa3MepaM aAPOHos; a. TO 
>Ke epeM~ An~ B3a~MOAeHCTBHH C 6onbWOi/r MHO>KeCTBeHHOCTbiO .pO>K
AiiiiO~HXC~ 4aCTH~ 3TH pa3Mepbl CTaHOEI~TC~ y>Ke cpaBH~MbiM~ C Me>K
HYKnOHH~M~ paCCTO~HH~M~ B aTOMHbiX ~Apax. 

An~ aMnn~TYAbl I 1 I MO>KHO ~cnonb30BaTb 3Ha4eH~~, Hai1AeHHble 
a pe3ynbTaTe KBapKoeoro aHanH3a ynpyroro HyKnoH-HyKnOHHoro 
pacce~H~~. An~ 4HcneHHbiX o~eHoK Mbl 6yAeM Hcnonb30BaTb cneAyiO
~He napaMeTpbl: 

a = 
/3= 
r= 

7,12-0,77 ln(T)/r3B/cr2 ; 

7,10+0,52 ln(T}/r3B/c/-2 ; 
-0,26+8,8 ·10 - 2 ln(T) /r3B/c-2 

./4/ 

IT - B r3Bax/, KOTOp~e ~Bn~IOTC~ KOM6~Ha~HeH AaHHbiX, nony4eH
HbiX a pa6oTax 18•91 nyTeM aHan~3a HyKnoH-HyKno~moro pacce~HH~ 
a o6nacT~ 3Hepr~ilr T = 0, 170,7 T3B/KsapK ~. 

Ha pHc.2 np~BeAeHbl pe3ynbTaT~ pac4eTa ce4eHH~ ynpyroro pac
ce~HH~ ¢ai1p6ona Ha HyKnOHe a fl. = "(IM(t) 1

2 dt, COOTBeTCTBY~ero 
nonHoro ce4eH~~ at =4Tl'lm(M(O)) ~ cyMMapHoro ce4eH~~ Heynpyr~x 
npo~eccoe o-10 =at -a,;_ npH ABYX 3Ha4eHH~x 3Hepr~~ T = 0, 1 ~ 
0, 7 T3ff/KsapK. Pac4eTbl BblnonHeHbl An~ ¢ai1p6onoe c 6ap~OHHbiM · 
4~cnoM B,O ~ B=l, O,liiHaKo ~3 p~cyHKa B~AHO, 4TO ce4eH~~ npaK
T~4eCK~ He 3as~c~T oT 6ap~oHHoro 4~cna ¢ai1p6ona ~ onpeAe!l~IOTC~ 
n~Wb 4HCnOM COAep>Ka~HXC~ B HeM KBapKOB. 

np~ N =2 H N = 3 TeopeTH4eCKH nony4eHHble ce4eH~~ np~6n~3~
TenbHO Ha 20%. MeHbwe 3KcnepwMeHTanbH~x ce4eHHH "-N H N~ B3aHMo
·AeilrcTBHH, 4TO o6ycnosneHO ~cnOnb30BaHHeM KBapKOBbiX napaMeTpOB 
/4/. C yeen~4eHweM 4Hcna KsapKoe N ce4eHH~ so3pacTaiOT, npw · 

* B pa6oTaX /8,9/ 3TH napaMeTpbl onpeAen~nHCb HCXOA~ H3 Tpe6o
BaH~~ cornacw~ c 3KcnepwMeHTanbHbiMH AaHHbiMH An~ a J(t) npw 3Ha4e
HH~x t > 1 r3B/c. 0AHaKO y>Ke H3 aHanH3a aApoH-~AepHOrO pacce~
HH~ H3BeCTHO, 4TO C nOMO~biO npOCTbiX napaMeTpH3a~HH aMnnHTYAbl 
1(~ Henb3~ nony4HTb xopowee cornacwe c 3KCnepwMeHTanbHbiMH 

AaHHbiMH OAHOBpeMeHHO An~ ManbiX H 6onbWHX 3Ha4eHHH t, 6onee on
paaAaHO napaMeTpbl aMnnHTYAbl /4/ onpeAen~nHcb npw Manblx t, AaiO
~Hx OCHOBHOH BKnaA B HHTerpanbHble Ce4eHH~ ael ~ at, a B 06-
naCTH 6onbwwx t wcnonb30BaTb 6onee AeTanbHYIO napaMeTpH3a~HIO. 

3 



I 

90 1 • 1 l~ PHc.2. CeqeHHH asaHMOAeAcTBHH ......_ l 8 • 0 /(/.' ... 4JaHp60JIOB C HYKJIOHOM npH 3HeprH-
~ ,' t RX 0,1 H 0,7 TsB/KaapK /cOOTBeT-
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B~e/: B- 6apHOHHoe qHcno 4JaAp-
6o.rtoa; N - qHCJIO COAep)J(~XCR 
a HeM xaapxoa; A , o H x - 3Kcne
PHMeHTaJibHhle ce'lleHHR o t , o10 , o t~t 
AJIR ,....N H N-N B3aHMOAellCTBHH. 

PHc.3. PaAHyc xaapxosoA CH~Te~, 
onpeAeJieH~ no HaKJioHy KpHB~x 
0 ef(t):nyHKTHpHaR KpHBaR - annpOKCH
Ma~HH /3/; N- 'IIHCJIO xaapxoa a 
CHCTeMe, ....... 
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N21J 
3TOM HX 3aBHCHMOCTb OT 3Hepr~H T OKa3~BaeTCR BeCbMa cna6oH. 
npHMe4aTenbHO, 4TO 3Ha4eHHR u10 (N) YAOBneTBOpROT TO~ me CaMOH 
3aBHCHMOCTH 

oin = rrr!(Nl/8 + N 1118 -b)2 

IN t - 4Hcno KsapKos a cwcTeMe-MHWeHw/, 4TO H ce4eHHR aAPOH
H~x H RAePHbiX B3aHMOAeHCTBHH IT+N, N+N, aAPOH + l!Apo, RAPO + 
+ RAPO. PaanH4He Me*AY nony4eHHbiMH HaMH /pwc.2/ H Hcnonb3osaH
HbiMH a17/ OOCTORHHbiMHr 0 , b, OOHCbiBaO~HM~ B3aHMOAeHCTBHR, 
COCTaBnReT He 6onee 20%, 4TO OORTb MOmHO npHnHCaTb HeT04HOCTH 
HCnOnb30BaHHbiX napaMeTpOB /4/, 

Ce4eHMR Ot (N) H o ef(N) MOmHO OOHCaTb aHanorH4HbiMH 3aBHCHMQ
CTRMH. 

4To KacaeTCR AH<I><J>epeH1.4HanbHoro ce4eHHR a ef(t), TO npw He6onb
WHX t OHO HMeeT THnH"'HO AH<J>paK~HOHHbiH BHA! - exp(t/4R 2), 
C HaKnOHOM, KOTOpbiH onpeAenReTCR 3<J><I>eKTHBHbiM paAHYCOM, paBHbiM 
CYMMe paAHYCOB CTaJlKHBaJO~HXCR CHCTeM r(N 1) + r(N2 ). 3TH paAHY
Cbl, KaK BHAHO H3 PHC.3, YAOBneTBOPROT COOTHOWeHHO /3/. 
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Ka-3a npH6JlHmeHHOro xapaKTepa HCnOnb30BaHHbiX KOHCTaHT H MQ

AenbHbiX coo6pameHHH 4HcneHHble 3Ha4eHHR pacc4HTaHHbiX ce"!eHHH 
cneAyeT paccMaTpHBaTb nHWb KaK rpy6yo npHKHAKY. 0AHaKO OOACKa-
3b1BaeMaR TeOpHeH YHHBepcanbHaR 3aBHCHMOCTb Ce4eHHH OT 4HCna 
y"'aCTBYO~HX 80 B3aHMOAeHCTBHH KBapKOB MOmeT nocnymHTb OCHOBOH 
AnR <J>eHoMeHonorH4eCKoro onHcaHHR aaaHMOAeHCTBHH <J>aHp6onos 
C nOMO~bO KOHCTaHT, onpeAeneHHbiX no AaHHWM AnR aAPOHHbiX H 
RAePHbiX B3aMMOAe~CTBHH, 
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