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B pa60TaX 1 1.21 6hlnl-1 n OIlY4eHbI 0 4eHK I-1 HiJ MaC Cbl COC Ta BIlRlOl'\ I-1X 

KBapKOB m u " nld = 240 MaB. OA HaKO n OCIleAYIOU\l-1e pa cu e ru , CBR3a H 

Hble C Onl-1CaHl-1eM pa 3Ill-14HblX $1-1 ~1-14 e CKHX np04e c COB, n OKa3anl-1, 4TO 

ny4wee cor na CHe C a KCnep l-1MCHTan b HblMI-1 AaHHblMH AocTHr aeT cR npH 

3Ha4 e HI-1 1-1 nl u = 28 0 Ma B 1 3 ~ Ho n p l-1 T iJKOM Bhl50 pe 3Ha4CIll-1R lII Hapyu 
wanOCb n onY4 eHHOC B paMKax paccMo T pe HHo~ MOA Cn l-1 COO T HOWCHl-1 e 

MelKAY Be KT OpHblM I-1 1-1 CKil IlRPHblMI-1 KO HCTaHTilMI-1 CB R311 I!./J - ,16 I!., 3TO 

npl-1BOAl-1nO K TOMY, 4 TO AnR pa C XOAR~ I1 XC R KB a pKOB blX ne Tenb B c eK

Topax CKanRpHblx-nceBAOCKanR pHblX H B CKT OP HblX aKC l-1anbHO- B CKTOPHblX 

Me30HOB npl1XOAl1nOCb Bbl611PilTb paSnl-14Hble 3 Ha Ll e HHR A n R n apaM eTpOB 

o6pe3aHI1R 1\ t : 

B Ha cToR~e~ paGoTe 5YAeT nOKa3aHO, "ITO npl1 Y 4 e T e cy~e C T B YIO-

II\I-1X B Haw e~ MOAeJlI1 nepexcaoa cp , _ A. I cp , - nceenocxanaouae Me-
I I J ~ 

30Hbl, Ai - axcaane ao-eexrooaue Me30Hbl MOlKHO 0 A lio3Ha 4Ho npl111T101 

K Benl141-1He coc'rae naeuiefi Ma CCbl xa a pxa nl = 2 80 HaB, npl-14eM COOT u 
HOWeHl1e gp "'..,16 g npononxaer BblTlOnHATbCR 11 n apaa e r p ofi peaa uua 
MOlKHO 6paTb 0AI1HaKOBblM AnA Bcex COPTOB Me30HOB, A = 1250 MaB. 

Ilepexon CPi ·. A i npol-1CXOAI-1T 4epe3 KBapKOBYIO nerreo , Onl-1CblBaeMYIO 

narpaHlKl1a HaMl-1/cM.pl-1c.11 
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m i - MaCCbl coc r aanaeuucc KBapKoB 131, B pcayns ra re AnA r nxor o n e

pexoAa nony4aeM BblpalK e Hl1e 
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'I TO n pHBo,qHT K ,qononHHT en bHOIl nepeHOPMHpOAK C nccnnocxennouux 
nones , B peayns ra r e KOHCTaHTa 03olHMo,qei1c ruHA ncennocxnnnpuax 
noneH C KBapKaM H ~¢qlj , KOTo pa A OXO,qHT 0 TOMl,qc crno lonll('icprc pa 
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(g = Z g, g = 1:141 , Z 1·/ (1 - -2 ) , gp = Y6g) .2 m 
A 

Ha 14/ 11 /51 nony4a eM ypa BHeHl1e, on pe,qenA~~ ee Maccy COCTa Bn AlO 
~er o U-KBapKa 

m 6m 2 2 
(~ f (1 - -f )= ~~ 6/

F" m 3 
Al 

OT ClO,qa cn eaye r , 4TO mu '" 280 HaB. 

*B 4JoPMy n a x / 3/ - /5/ HCIIonb3YJOTCH CHMBOn H'I e CKHe OCl03I1a'le HHH , 
nanpaxep , B CJ1y'1 a e K-Me30HoB M = (m + m 8)12 , m A = ·mQ • F = F K .u 
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Y6eAI1M CA Tenepb. 4TO KOHCTaHTa gpo COOTBeTcTBylOlltaA pacnaAY
 
P~ 2 " ,OCTaeTCA He l13Me HHOH nocne Y4eTa HOBOH ne peHOPMl1pOBKI1 n110H

HblX noneri H A ~ "-nepeXoAoB Ha KO H4ax AI-1a rpaM M. onacueao urax n po 

uecc P .. tm / CM . Pl-1C •3/ . Ile ik TB I1Te nbHO, cyMMa ,ql-1ar pa MM 3a 1-1 36
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Al At 
a BKnaA Al1a rpaM MbI 3 B AaeT fionee BbiCOKl1e CTeneHI1 no I1MnynbcaM 
n l10 HOB c m~ l B 3HaMeHaTene . Ta K 4TO 11M MOMIHO n pe He6 pe 4b . HTa K. 
AOnOnH I-1 Ten bHa A ne peHOPMl1 pOBKa KOHCTaHTbI gp He B03HI1 Ka e T. npo
Be,qeM Ty Mle nP04eAY PY C n OM~b lO ,ql-1a rO Han I13a41111 KBa ,qpa TI14 HblX 4ne
HOB B nar paHMll1a He 1541 pa60T bl 
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r Ae u"=a - Mi g, au 11 Va - nOIlA cxanapaux 11 a e x ropuax Me30HHblX 

HOHe TOB. 0 1 11 O2 - KOHCTa HTbl 4eTblp e XKB apKOB oro B3aI1MOAei1cTBI1A, 

* Jla r-pa ax a au /8/ omiSOK n o ll,opM e K JlnJ·P:llIlKII:lIIY . n pun e.ae uuossy 
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B paooTe /, TonbKO ace xonc -r-au-ru sneci, MOJl(1I0 a a n nca -ri, B Te pMH


n a x KB apKOBblX xacc H napaac-rpa o (5pe s BIIHH 1\.
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- M a Tp~~a MaCC T OKOB~X KBa p Ko B, F" = F" Z , Pa = g[~ 
2 2 2 1 

- 8CI1 + M 12 ) ],= m¢a-2M /1 1 - KBaApaT~4HO paCXOAR~H~CR HHTe rpan 

H m a 12 /CM. /lS//, DIL H OIl; (A) - KOBa paa HTHbie n POH3BOAHbie 

- ' - . g - -
Dp a = a'l a - I T l Vp , a ]_ , 

pI' ! - J! 1' - ' 1 ' - '/l - I! - I' -v 
a v = V - a v - ~ gp ( [ v . v ] t[ A , A ] _ ) , 

- /l -I!a pI! = rI'AJ! _ a'/>.'1 _ 2... g <l Ji/. Vv] +( V. A ]).
A 2 P 

B nocnenuea 4neHe tPOpMy n bl /8/ cOAep>XHTCR n a r p a HlKlotaH tt.f (q" A)
 
/CM . /2//. 4 T05b1 nHKBH AHpOBaTb 3 TOT CMe wa HHblH KBaApaT~4HbI~ 4 n e H,
 

nepeonpeAen~M none Ap cneA~~~ 06pa3OM:
 

}., = A + (D ¢. /9/ 
p. Il I' 

CMewa HHble 4neHbl ~C4e3a1O T np~ BbIIlonHeH~H ycnoa aa 

o 2 _ _ 

(rnA) (+ gpoo (1 + gp(ao) '"' 0 10/ 

I1n l1 
-

g °0 = _ v6 Me _ 2 
(= - (- 0 ) 2- + (g 0 0) m2 

rnA P A 

3AeCb 

2 2 
- M - - - 2 0 2 2 
o 0 =-g ( 0 ' =(1 -(1 0 ). (mO) 2 = ~ m2 =~ 

I 
rnA = (mA) + 6M .V VA 40 A' 40

2 2 

B narpaHJKHaHe /8/ n epBblH 4neH ua pyuiae-r K l1panb HyKl CHMMeTpHIO. 0 

Ben~4~Ha Ha p y we HHR n pcno puac uan s u a Ma ccaM TOK~B bIX KBapKOB M 
/ Hnl1 KBaApaTaM Ma c c ncea nocxanapaux Me30 HOB m¢ a /. 3TO COOT-

Qe Tc TBy e T npHH~H ny 4 CAT. 4T05~ n paB Hn b HO On l1Ca T b Ma CCbI aKCHanb

HO-BeKTopHblX Me30HOB, He o 5 x OA HMO Ao n YCT I1T b e~e OAHO Hapywe H~e 

Kl1pa nb H O~ CHMMeT p ~H, a I1MeHHO: C4 11 Ta T b I 4TO a via A, T. e. 

"v 1m: . 3TO Ha pyweH ~e 6YAeT nexa ts B npenenax 2TOH ~e T04HOCTH I 

4TO ~ HapyweHl1e, CBR 3 aHHo e C 4 CAT /30% T04HOCTb / . 

nOCMOTpHM, KaK 113MeHHTCR K03~H~He HT npl1 D p. ¢ n o c n e AHa r o

HanH3a~HH K B aApa TH4H~X 4neHOB B /8/ . 3TOT K03tPtPH~ ~ e HT npl1oGpe 

Ta eT AOnOnHI1Ten b HbI~ MHOJKHTenb , paB H bI~ 

O(m ~) 2 rn2 n . 0) A 2 - 1
 
(1 + g ~(10 ) + (II ( --- ) Z
PS .1\' / 11/ - I:E) - = (m~) 2 + (gp ) 2 moo A 

4T06b1 YCTpa H ~T b 3TOT MHOJKHTenb ~ 3 K~ H eTH4e CKHX 4 n e Ho B , Heo6xo 

A HMO CAena Tb AononH~TenbHYIO ne peHOPM~ pOB KY nceBAOCKanRpHblX no

neH 

ifJ R = Z - 1/2 ifJ, 
/12/ 

4 TO n p HBOA HT K nepeonpeAeneHHIO KOH CTa HT CBR3~ y nceBAOCKanRpHblX 
- -1 / 2 

Me3 0HOB, YKa3aHHOM.Y B /5/: g =g Z . YCllOBHe 4 CAT , cnenyouiee 
113 / 8/ I a j : 5 =.:n~ FifJa , 3anl1UJeTCR T enepb B 06b1 4Hm'1 ItlopMe aP.j~6= 
= m¢ FifJ:, 

p 
r n e F = a FZ-l/~ TOlKAec TB o rOllA6eprepa-TpeHMaHa npHHH 

a 
Ma eT BHA, cOBnaAalO~H~ C $OPMYllO~ /4/, 4TO onRTb npHBOAHT K ypaB-

HeHHIO /6/ AllR MaCCbI U-KBapKa. n OACTaBnRR 3Ha4eHI1e m)J = 280 HaB 

B ItloPMYllY AllR MaCCbI AI Me30Ha /K03¢xl>H~HeHT npH \4Tr V\I') 2 / 

m~ = (m~ ) 2 + 6 m l~ ' HaXOAHM ,4TO m2 = 1075 H3B ,T.e. m: ,lmv=m ' 
\ia HAet-I r eneps na paa e rp 06pe3aHI1R A. KOTOPbl~ 6YAeT OAHHM H 

p 
T et-I 

lKe npH Onl1Ca HHH Bcex COpTOB Me30HOB. AnR e r o onp eA ell e H~R I1cnonb

3 y et-l 3KCn epl1MeHTallbHoe 3Ha4eHHe KOHCTa HTbl g p: 

g 2 
3 1...:..E- = 3 = _---=-_ I (m ) = -, / 13/4" 8 "I 2 (mJ ' 2 u 8 " 

l-1cn o llb 3 y R AllR 12(mtt tPo p My n y 

2
3 A _1_ ]
 

2 u (4rr )2 m~
 
I (m ) =,-- l ln (l + - ) 

1 + m~/ A 2 ' 

Ha XOA I1M , 4TO A/ mu = 4, 46, r i e • A = 1250 H3 B . 11 3 tPOpMYllbl, on pe 
AenRIO~eH Maccy "0_Me30 Ha 131 

m 2 = ( ~ )2 [ _1_ , - 81 (m )1, 
1 /1 4/"0 F " 0 1 u 

- 6 -2 
MOJKHO Bbl 411 Cll~Tb 3Ha4eHI1e KOHCTaHTbI 0 

1
: a ) 4,9·10 H3 B I 

nocne 4 ero ItlopMyna 

o 0 1 2 
m = m [1 - 80 I (m ) 1 ~ - (m F ) 

u u 11 U rn " " 

on penen ar 3Ha4eHI'le TOKOBOH Ma CCbI xaapxa m 0 = 3 M3B. 

llpermoner-ea , 4TO KOHC TaHTbI Z, = (m i:lm ~ )2 HMelO T OA~H aKOBbl e 
3 Ha4eH~R AllR Al H Q Me30HOB / Z 1= 1, ~/ *. t;ai1AeM B ell~4~Hbl COCT aB

llRIO~HX H TOKOBblX Macc CTpaHHblX KBa pKOB. AnR 3Toro Bocnollb3yet-l CR 

ItloPMyno11, on~ cblBalOllIe i1 Maccy K +-Me30Ha 

* 3TO npeAnon o~efiH e on paBAaHO TeM, QTO 3Ha QeHHR Ma ce A l II QI 
MeSOHOB Marro OTll~awTC H APyr OT APyra. 
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2	 2 Z 1 
rn + = Z (rn - rn ) ... [ - - 41 (rn ) - 4 I (rn )1 /15/

K s u· 4 I (rn rn ) G 1 u 1 s ' 
2 u ' s 1
 

r ne
 
2
 

3 2 2 1\
I (m) = -- [1\ - rn In ( 1 ... - )1, 
1 (4 17 ) 2 m2 

2 1\2 2 1\2 
[ ms ln ( 1 + - 2- ) -rn ln ( 1 ... ~ ) ]

3	 urn s rnll 
12 (rn ' rn ) = --.,
u s 2 2
(477) ( rn - rn )s u 

... 
OTc~ Aa, Bocnonb30BaBwHc b 3Kcn e pHMeHTa nb H~M 3Ha4eHHeM Ma cc~ K 
Me30Ha , nony4aeM 

rn	 = 450 M3B. /16/s 

For na HS 4!O pMynbl mO= m 11 - 8G 1 (m) l cnenyer , 4TO o	 S S 1 1k 

rn s = 76 M3B . /1 7/ 
rll I III 

Hcnonb3YR TOlKAeCTBO Fonnfi e pr epa-Tperina ua ~K 
U 

s H B~pa lKeHH e 
2F 

KAnR n epeHopMHpO B aHH O~ KOHCTa HTbI ~ K 

2 Z 
g K = , (L, (III U. 111 s) • O. 03W) . 

4 [ 2(01 ' m ) • u s 

MOlK HO onpenerurrs 3Ha4eHHe KOHCTa HTbI F'I{ FK = 1,16F17 ' 4TO anorn-e 
cor nacye TcR C nocneAHHMH 3Kcne pHMe HTanbHblM H Aa HHblMH/ 5- 7 f 

npoBeAe HHble Bbl4HcneHHR nOKa 3anH, 4TO nocneA oBa TenbH bI ~ Y4e T 
ne pex ono s ¢ -. A , B03MOlKHblX B nep BoHa4a nbHoM BapHa HTe pa ccxo r pe a
HOH 3Aecb MOAenH, Hr paeT AocTaTo4Ho B a lK HY~ penb . OH n03BonReT 
nonY4HTb 60nee npHeMneMOe C T04KH spe HHR onHca HHR 4!HsH4ecKHx 
n poue ccoa 3Ha4eHHe AnR MaCCbI COCTaB nRlOlI1erO U-KBapKa rn = 280 H3B, u 
a TeM ca MbIM H An R KOHCTa HTbr CBRSH g = g -" m IF' AaeT BOSMOlK 

rr qq 1I tr: 

HOCT b HCnonbSOBa Tb eAHH bI~ na paa e'r p 06pesaHHR 1\ BO acex Me SOHH blX 
ce KTopax MOAenH, 4TO oc06eHHo BalKHO AnR Ko ppeKTHoro onHcaHHR 
paCXOAR II1HXCR AHa r paMM C pa snH4HblMH co pTaMH MeSOHOB Ha BHeWHHX 
nHHHR X. Ha K oHe~ , nOSBonReT Hcn onb30Ba Tb n pR M Y~ CBR3b MelKAY KOH

- 1/2 -CTaHTaMH gp H g = g a qq ,= ~Z - , g p =y'6g. TeM caMblM 41-1COO na pa-
MeTpOB B MOAenH yMeHbwaeTcR, 4TO 6esycn oBHo cnoco6cTBye T fionee 
0AHOS Ha4 HOM Y on Hc a H H~ 4!Hs H4ecKHx npo~ eCCOB . 
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