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BBE.l];EHME 

l1ccJie,noBaHire CBOHCTB a,npoHHoro crre1<Tpa B HarpeToii H IIJIOTHOH 

JI,nepHOH cpe,ne JIBJIJieTCJI aKTyaJibHOH H.BeCbMa HHTepecHoii rrpo6JieMoii. 

IT pH 3TOM HeMaJIOBaJKHOe 3HatJ:eHHe HMeeT 3a,natJ:a 06 orrpe,neJieHHif IIOBe

,neHHJI KBapKOBoro KOH,neHCaTa, KaK <pyHKIJ;Ifif TeMrrepaTyphl If IIJIOTHOCTH 

oHpymaIOm;ero H,nepnoro Bem;ecTBa. RBapHOBhlii Hon,nencaT orrpe,neJIJieTCJI . 

rne,nyIOm;HM o6pa3oM: 

_ * Trijqef3(H-µ,Q;) 

(qq) = Tre/J(H-µ;Q;) ' 

r,ne f3 ecTb o6paTHaJI TeMrrepaTypa, f3 = 1/T, a Q; n µ; - na6op coxpanJI

IOID;HXCJI 3apH,nOB If COOTBeTCTBYIOID;HX HM XHMHtJ:eCHHX IIOTeHI:i;HaJIOB. Be

JIIftJ:HHa (ijq)* JIBJIJleTCJI BaJKHhlM rrapaMeTpOM rrpn HCCJie,noBaHHH CBOHCTB 

a,npoHoB B cpe,ne c rroMom;hIO MeTO,na rrpaBHJI cyMM RX.II: [1]. RpoMe Toro, 

,l{JIJI CBJI3If If3MeHeHHJI KBapHOBoro HOH,neHCaTa B cpe,ne C Ha6JIIO,naeMhlMif 

a,npoHHhlMif rrapaMeTpaMH tJ:aCTO IfCIIOJib3JeTCJl rrpe,nIIOJIOIBeHHe 06 YHH

BepcaJibHOM CHeiiJIHHrOBOM IIOBe,neHHif. B tJ:aCTHOCTH, rHIIOTe3a BpayHa 

- Po [2] yTBepm,naeT, tJ:TO 

(
(ijq)*)l/3 

( ijq )o 
J; 
!1r 

... , 

r.ne 3Be3,na o603HatJ:aeT COOTBeTCTBYIOID;HH a,npoHHhlii rrapaMeTp, MO,l{If<pHU:If

poBaHHhlii BJIHJIHHeM JI,nepHoii cpe,nhl. Cym;ecTBJIOT TaHme n 6onee o6m;ne 

rrpe,nrroJIOIBemrn O CBJI3If HBapKOBOro HOH,neHcaTa C a,npOHHhlMif MaccaMH H 

nrnpnHaMH pacrra,noB [3]. _B n:eJIOM, rrpe,ncTaBJIJieTCJI BeCbMa BepoHTHhlM, 

tJ:TO HatJ:eCTBeHHOe IIOBe,neHHe rrapaMeTpOB a,npOHHoro crreHTpa aHaJIOrHtJ:HO 

IIOBe.n;eHHIO KBapKoBoro KOH,neHcaTa ( ijq) *. 8TO rrpe,n;IIOJIOIBeHne rro.n;TBep

IB,naeTCJI pe3JJibTaTaMH, rroJiytJ:eHHhlMH na OCHOBe 3<pq>eKTHBHhlX HHpaJib

HhlX MO,neJieii, If cornacyeTCJI C pe3yJibTaTaMH pactJ:eTOB B MeTo,ne rrpaBHJI 

cyMM RX.II: [1] rrpn HOHetJ:Hoii TeMrrepaType If IIJIOTHOCTH. · 
t;7i.,:.=¢_s;.;:z;::;z:aa: --~l Gtrtiem:iit~ft.JO ,~~:mm i· 
f tme!mM.X BCC,1~~;;:;umil ·. 
ij 6t,jSIJHOTEKA. . 
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Oco6hlii HHTepec npe,n;cTaBJIReT HCCJie,n;oiaii'ie COOTHOll!eHHJI Me~,n;y KH

pam,HhlM KOH,D;eHCaTOM H CBOHCTBaMH HeilTpaJII,HhlX BeKTOpHhlX pe30HaHCOB 

(p.~. cf> ••• ). ITpHHIJ;HII BeKTOpHOH ,D;OMHHaHTHOCTH yKa3hlBaeT Ha TO, 'ITO H3-

MeHeHIIe CBOHCTB HeilTpaJII,HhlX BeKTOpHhlX Me30HOB B cpe,n;e MOlReT Heno

cpe,n;CTBeHHO Ha6mo,n;aTI,CJI B cneKTpax JieIITOHHhlX nap, H3JiyqaeMhlX npH 

CTOJIKHOBeHHJIX TJilReJihlX HO HOB H3 n.eHTpaJil>HOH 30Hhl coy,n;apeHHJI. IT pH 

TaKHX ycJIOBHJIX omn,n;aeTCJI BOCCTaHOBJieHne KHpaJil>HOH CHMMeTpHH (KH

paJil>HhlH q>a30BhlH nepexo,n;), 'ITO 03HatiaeT 3Ha'IHTeJil>HOe yMeH1>ll!eHHe Be

JIH'IHHhl (ijq)*. EcJIH 3TO ,n;eilCTBHTeJII,HO HMeeT MeCTO H eCJIH MaCChl H 

llIIIpIIHhl HeHTpaJil>HhlX BeKTOpHhlX Me30HOB B Cpe,n;e 3aBHCJIT OT BeJIH'IHHhl 

(ijq)*, TO B npIIHIJ.IIIIe KHpaJil>HhlH q>a30BhlH nepexo,n; MOlReT npoJIBJIRTI,CJI B 

',D;IIJieIITOHHhlX cneKTpax [3]. 8TO JIBJIReTCJI O,D;HOH H3 OCHOBHhlX npH'IHH HH-

TeiiCHBHhlX. TeopeTH'IeCKHX HCCJie,n;oBaHHH a,n;pOHHhlX napaMeTpOB B cpe,n;e 

lI HX CBJl3II C KHpaJil>HhlM KOH,D;eHCaTOM [2]. 

·KBAPKOBbIH KOH.l(EHCAT B H.l(EPHOM <I>EPMH - rA3E 

.[(JIB HeB3aIIMO,D;eHCTBYIOIIJ.ero HYKJIOHHOro ra3a 3aBIICHMOCTI, BeJIII'IIIHhl 

KBapKOBOrO.KOH.rr_eHcaTa OT HYKJIOHHOH ITJIOTHOCTH PN ,n;aeTCJI q>opMyJioil [4]: 

(ijq)* = (ijq)o + (NlifqlN)PN· (1) 

YqeT B3aIIMo,n;eilcTBIIJI, B qacTHOCTH, HYKJIOH - HYKJIOHHhlX KoppeJIRIJ.HH 

npIIBO,D;HT JI~llII, K nonpaBKaM nopJI,n;Ka 10% npH 3Ha'IeHHJIX ITJIOTHOCTH 

PN ~ po = O.l 7q>M-3 [5;6]. IToaToMy, orpaHH'IIIBa1Ic1, rnyqaeM HH3KHX 

IIJIOTHOCTeil, Mhl MOlReM B3JITI, 3a OCHOBY IIpII6JIHlReHIIe HeB3aHMO,n;eilCTBY

IOIIJ.ero ra3a. O,n;HOHYKJIOHHhlH MaTpII'IHhlH 3JieMeHT' BXO,n;JIIIJ.HH B q>op

MYJIY ( 1), MOlReT 6hlTI, IIOJiy'IeH c IIOMOIIJ.I,IO COOTHOllieHHJI I'eJIJI-MaHHa -

OyKca - PeHHepa [7] n orrpe,n;eJieHHJI HYKJIOHHoro EN-'IJieHa [1,8,2]: 

. · 8MN = :_ EN 
2 

(ijq)o. 
(NliJqlN) = 8mq J;m1r (2) 

O,n;HaKo B ycJIOBIIJIX JI,n;epHoro BeIIJ.eCTBa CBOHCTBa HYKJIOHa MCHJIIOTCJI, npII

'IeM 3TH H3MeHeHIIJI orrpe,n;eJIRIOTCJI B OCHOBHOM napaMeTpOM Hapyll!eHHJI KH

paJil>HOH CIIMMeTpIIII. Ha a,n;pOHHOM ypoBHe TaKHM napaMeTpOM JIBJIReTCJI 

3aBIICJIIIJ.aJI OT IIJIOTHOCTII KOHCTaHTa pacrra,n;a IlHOHa J;' KOTOpaJI, KclK 6hlJIO 
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rroKa3aHo B paMKax pa3JIH'IHhlX Mo,n;eJieil ( cnrMa-Mo,n;eJI1>, Mo,n;eJI1> HMJI), 

y6hlBaeT C yBeJIH'IeHHeM ITJIOTHOCTH. B 'IclCTHOCTH, H3 COOTHOll!eHIIJI I'om,n;-
6eprepa - TpefiMaHa cJie,n;yeT, 'ITO HYKJIOHHaJI Macca B cpe,n;e npn6JIIImeHHo 

y6hlBaeT KaK J;: 
·f* . 

M * rv 1rM 
N - f1r N• 

TaKHM o6pa30M, BhlpameHne (1) ,D;OJilRHO 6hlTI, MO.n;Hq>HIJ.IIpOBaHo: 

(ijq)* = (ifq)o + (N*lifqlN*)pN, 

r,n;e (N*lifqlN*) ecT1> 

(N*lifqlN*) = aM;. = J; aMN, 
8mq f,r 8mq 

(3) 

TaK 'ITO OKOH'IaTeJI1>Hoe BMpameHHe ,n;JIR OTHOll!eHHJI R = (ifqt/ (ijq)0 3aITII-

ll!eTCJI B BH,n;e 

(4) 
J; (NliJqlN) 

R = 1 + -f (- ) PN• 1r qq 0 

McrroJI1>3YJI npe,n;noJiomeHHe o cKeilJIHHre, J;/ !1r = Ra, r,n;e a ecT1> HeKoTo

PaJI KOHCTaHTa, Mhl MOlReM IIOJIY'IHTI, ypaBHeHHe ,D;JIR onpe,n;eJieHHJI BeJIH

'IHHhl R: 

R = 1 + Ra (NlifqlN) 
(ijq)o PN· (5) 

.[(JIJI on.eHKH napaMeTpa a Heo6xo,n;nMo C,l!eJiaT1> ,n;aJI1>HeiillIIIe npe,n;noJiome

HHJI. Mo,n:eJI1> HMJI ,n;aeT 3HatieHHe a = 1 [11]. B cooTBeTCTBHH c rn

noTe3oil BpayHa-Po a = 3 [12]. B nepBoM cJiyqae Mhl nMeeM JIHHeiiHoe 

OTHOCHTeJil>HO R ypaBHeHne, pell!eHHe KOTOporo eCTI, 

( 
EN )-l 

R= 1+ J;m;PN 

Bo BTopoM cJiyqae ypaBHeHne Ky6ntieCKoe, n ero pellieHHe IIMeeT BH,n; 

~ ~ 1 EN ✓1 1 3 R = + -c-1 - d c = -.-· -pN d = -c-2 + -c . 
2 . ' · f 2m 2 · ' 4 27 

7r 7r 

Pell!eHHJI ,D;JIJI o6onx cJiyqaeB npHBe,n;~Hhl Ha pnc.1. Mhl BH,D;HM, 'ITO OTKJio

HeHne OT JIHHeitHoro 3aKOHa y61iIBaHHJI KOH,D;eHCaTa ( IIYHKTIIpHaJI JIHHHJI) C 

IIJIOTHOCTI,IO ,D;OBOJII,HO 3aMeTHOe. · IT pH HOpMaJil>HOH IIJIOTHOCTH p = Po OHO 

COCTaBJIReT ~ 20% ,D;JIR a = 1 H ~ 30% ,D;JIR a = 3. 
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Pnc. 1. 3aB:I~CHMOCTh HBapHOBOro HOH.ZJ.eHCaTa OT IIJJOTHOCTH. IlyHHTHp

HaJI JJHHHJI COOTBeTCTByeT mrneiiHOMY 3aKOHY y6MBaHHJI, Bepxm1e HpHBhle 

rroJJytJeHhl C yqeTOM npe.11.noJJO}I{eHHJI O cHeiiJJHHfOBOM IlOBe.11.eHHH .11.JIJI Hy

KJIOHHO:ii Macchi ( CM. TeHcT). 

RBAPROBbl0 ROH.[l;EHCAT M MACCA BERTOPHOrO 
ME3OHA IIPM ROHEl.JHOH IIJIOTHOC'l'M ' . 

KaH ynoMHHam.':>ch BO BBe.n.eHHII, nccJJe.ZJ.oBaHHe cBo:iicTB BeHTopHhlX Me-

30HOB B cpe.n.e npe.n.CTaBJJJieT onpe.11.eneHhl:ii HHTepec, nocHoJ.IhKY M<>.ZJ.H<pHHa

U:HJI CBOHCTB B npHHU:HIIe .ZJ.OCTYITHa .11.JIJI 3HCnepnMeHTaJJbHOf0 Ha6JJIO.ZJ.eHIIJI. 
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B 3TOH rnaBe Mhl paccMoTpllM 3<p<peHTl!BHYIO Macey Be~rnpnoro Me3ona, 

orrpe.11.eirneMy10 HaH peaJJhHaJI qacTh rromoca rrporraraTopa rrplI 3HatJeHIIII 

rrpocTpaHCTBeHHoro IIMIIYJJhCa Me3oHa p = 0. 
Hame paCCMOTpeHIIe OCHOBhlBaeTCJI' Ha CHeiiJJIIHfOBOH rllIIOTe3e [2], B 

COOTBeTCTBIIII C 'HoTopoii 3cpcpeHTllBHhle a.11.poHHhle napaMeTphl B cpe.n.e ll3-

MeHJIIOTCJI CXO.ZJ.HbIM o6pa3oM: 

M* m* • m* f* 
_!!_ ~ __ P rv ~ rv __2:_ 

MN· - mp - mw - frr 
(6) 

,UJJJI HYHJJOHHOH MaCChl 3TO IIOBe.ZJ.eHIIe CJJe.11.yeT ll3 COOTHOIIIeHl!JI f OJJb.ZJ.6ep

repa - TpeiiMaua, HOTOpoe, l{al{ 6hlJJO DOHa3HO, coxpaHJieTCJI II rrpn HaJJlltJllll 

cpe.ZJ.hl. GHeiiJJIIHroBoe rrose.n.eHne .ZJ.JJJI Macchi p-Me3oHa cne.n.yeT ll3 cooTHo

meHIIJI KSFR [13]. PaccMOTpeHne, ocuoBaHHoe Ha npaBIIJJax cyMM KX,U 

II CHe:iiJillHrOBhlX CBOHCTBax MO.ZJ.eJJII CHIIpMa, rrpe.n.cHa3hlBaeT CHeiiJJIIHfOBOe 

· rrose.11.e1me TaHllie II .ZJ.JJJI .n.pyrnx a.11.poHoB [12]. TaHIIM o6pa30M, 3HaJI, ·1.an 

Be,n;eT ce6JI OTHOIIIeHIIe J; / f-rr, MOlliHO TaHllie rrpn6JJ1IllieHno ou:eHIITh n 3<p

cpeHTllBHYID Macey BeHTopnoro Me3oHa. B CBOIO 011epe.11.h, rrapaMeTp Hapy

IIIeHIIJI KHpaJJbHOii CllMMeTplill Ha a.11.poHHOM ypoBHe CBJI3aH co 3HatJem1eM 

HBapHOBoro HOH.ZJ.eHCaTa. 

B npe.ZJ.hl.ZJ.Yru:eii rnaBe MbI paccMaTplIBaJJII .ZJ.Ba B03MO}KHhlX CJJYtJaJI .ZJ.JJJI 

CBJI3H HOHCTaHTI,I pacrra.11.a IllIOHa C KIIpaJJI,HhlM KOH.ZJ.eHcaTOM. B 3TOH rJJaBe 

Mhl pacCMOTplIM B03MOlliHOe OTHJJOHeHIIe OT CKeiiJJllHrOBOro IIOBe.ZJ.eHIIJI .ZJ.JJJI 

MaCChl BeHTOpHoro Me30Ha, CBJI3aHHOe C yqeTOM B3alIMO.ZJ.eiiCTBIIJI Ha a.11.poH

HOM ypOBHe. Bonee TOtJHO, B3al!MO.ZJ.eiiCTBlle 3cpcpeKTIIBHO rrepeuopMIIpyeT 

Macey BeHTOpnoro Me30Ha, C.ZJ.BIIraJI TaHIIM o6pa30M 3HCIIep1IMeHTaJJhHO ua-

6JJIO.ZJ.aeMOe IIOJJO}I{eHHe IlOJJIOCa Me30HHOro rrporraraTopa. IlplI 3TOM, Hal{ 

rroua3hlBaIOT pe3yJJhTaThl rrpaBIIJJ cyMM KX,U rrplI Kone11uoit TeMrrepa-i-ype 

H IIJIOTHOCTH, H3MeHeHIIe Me30HHOH MaCChl 3a CtJeT II3MeHeHIIJI KBapKOBoro 

KOH.ZJ.eHcaTa IIpOIICXO.ZJ.IIT He3aBl!Cl!MO OT B3alIMO.ZJ.eiiCTBIIJI Ha a.11.poHHOM ypo

BHe [8]. YtJeT a.11.pounoro B3alIMO.ZJ.eiiCTBIIJI B paMuax 3TOro MCTO.ZJ.a l\10}I{eT 

' npoHBIIThCJI B ll3MeHeHIIll crreHTpaJJbHOii cpyHHU:lllI Me30Ha, BXO,ll,JIIU;eii B cpe

HOMeHOJJOfHtJecuyIO 'laCTI, rrpaBIIJJa cyMM [14], a TaH}I{e B 3HatreHHJIX 3a

BIICJIIU;HX OT TeMrrepaTyphl ll IIJJOTHOCTII HOH.D;eHcaTaX ( ij_q), ( G2) II T . .n;. 

O.11.uauo II B TOM H B .n;pyroM cnyqae y11eT B3alI!\10.D;eiicTBIIJI IIplI pcaJJHCTII'l

HhlX 3HatJeHIIJIX TeMrrepaTyphl II IIJJOTHOCTII He OHa3hlBaeT 3Ha'IIITeJJblIOfO 

BJJIIJIHIIJI ua pe3yJihTaT rrpe.11.CKa:iannii rrpaBRJI cyMM KX,U. 

B .11.anuoii pa6oTe MbI paccMoTpllM rrorrpaBKII K 3HatJemuo rromoca Mc-

3ouuor_o rrporiaraTopa ua ocuose 3cpcpeHTIIBIIOro narpam1ma11a c Bernop-
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HhlMll ll HYHJIOHHhlMll IlOJIJIMll. Ilp11 3TOM MhI npe,n:noJIOffillM, 'ITO BXO,n:J!ll(lle 

B narpaHffillaH MilCCOBhle napaMeTphl l!Me!OT CHeii:Jil!HfOBOe IlOBe,n:eHl!e (6). 
B3al!MO,n:eii:CTBlle BeHTOpHoii: tiaCTllIJ.hl C HYHJIOHaMll npl!BO.Li:l!T H IlOJIBJie-. 

Hl1IO y Hero co6CTBeHH0-3HepreTrrtieCHOii: cpyHHUllll IIµv, HOTOpaJI CBJI3aHa C 

noJIHhlM ,nponaraTopoM ypaBHeHrreM- )laii:coHa: 

D;; =Do;;+ IIµv· (7) 

B CllCTeMe IlOHOJI Me30Ha Bee Tpll BeJill'll!HhI, BXO,n:Jlll(l!e B 3TO ypaBHeH11e, 

11Me10T omrnaH0By10 nopem.(eBy CTPYHTYPY pµp" /p2 
- gµ", r,n:e pµ = (p0 , 0) 

ecTh 4-11M_nyn1,c Me3oHa. Ilo3TOMY B 3Toii: c11cTeMe noJIHhrii: nponaraiop 

IIMeeT BII.Li: 

pµpv /p2 - gµv 
Dµ"(po,O) = -p5- mi,2-II(MN,µ;po)' 

1 
II(MN,µ;po) =. - 3gµ"IIµv,. 

(8) 
I 

r.n:e MN II mi, ecT1, Macchl HYHJIOHa II BeHTOpHoro Me3oHa npII HOHetIHoii: 

IlJIOTHOCTII II µ - HYHJIOHHhlii: XIIMlltieCHllii: IlOTeHu.IIaJI, CBJI3aHHhlH C rpa

HII'IHOii: 3Heprneii EF nocpe,n:cTBoM cooTHOIIIemrn . . . ' 

EF = µ-MN. 

3,n:eCI,· Mhl. paCCMOTpIIM co6cTBeHH0-3HepreTII'leCHYIO cpyHHIJ.IIIO II Il0JIO}I{e

IIlle IlOJIIOCa .Li:JIJI nponaraTopa W-M_e30Ha (V = W) BO BTOpOM nopJI,n:He no 

HOHCTaHTe CBJI3II 9w ( c::::'. 10.1). JlarpaHffiIIaH B3aIIMO,n:eii:CTBl1JI ecTb 

£,int = -gwN-t Nwµ, (9) 

11cnoJih3YJI npaBIIJia <I>eiiHMaHa ,n:JIJI HOHetIHhlX TeMnepaTyp 11 IlJIOTHO

CTeii: [15]' HeTpy,n:Ho IlOJIYtIIITh CJie,n:y10111ee BhlpaffieHrre: 

II(MN,µ;po) = 

8g~ !A dE✓l _· MN
2 

(2£2 + MN2) { 1 - O(µ - E) + -1 + O(µ - E)}. 
31r2 E 2 Po - 2E . Po + 2E 

M• N 

(10) 

HecMOTPJI Ha TO, 'ITO BeinopHaJI CBJI3I, (9) JIBJIJieTCJI nepeHOpMrrpyeMoii, Mhl 

BBeJIII B MO,n:eJII, HeHoBapHaHTHhiii: napaMe!p o6pe3aHHJI A. Mhl npe,n:nona

raeM, 'ITO 3TOT napaMeTp JIBJIJieTCJI xapaHTepHhlM 3HepreTll'leCHllM MaCIIITa-

6oM a,n:pomwro cneHTpa, Ac::::'. MN, Tor,n:a Mhl MOffieM, paccMaTpIIBaH cTpyH

TYPY rronJip113au110HHoro orrepaTOpa ( 10), ,n:aTh cne.n:y10111yro q>H3HtiecHy10 

6 

·l C 

t 
i 

I 

J 
r 

IIHTepnpeTau.mo: npII HyneBoii: nnoTHocTrr MN = MN c::::'. An: HHTerpan pa

BeH HYJIIO. B 3TOM cJiytiae TaHffie m: = mw H IlOJIIOC nponaraTopa COOTBeT

CTByeT q>ll3lltieCHOii: Macce w - Me30Ha B CB06o,n:HOM npocTpaHCTBe. IlpH HO

HetIHOii: nnoTHOCTII PN = 2p}/(31r
2
), r,n:e PF onpe,n:eJIJieTCJI H3 cooTHOIIIeHHJI 

µ = p}/(2MN) + MN, npoHCXOMT BHpTyanhHhle Bo36yffi,n:eHHH BaHyyMa B 

IIHTepBane OT MN ,n:o MN. IlpH aToM, BCJie,n:cTBHe ripn:mi;Hna Ilayn11, HH

TepBaJI OT MN ,n:o µ oHa3hlBaeTCJI 3aHphlThlM. TaHHM o6pa3oM, H3MeHeHn:e 

noJioffieHIIJI non10ca nponaraTopa w-Me3oHa H3-3a B3aHMo,n:eiicTBHJI nponc

xo,n:IIT 6naro,n:apJI CHeiiJIIIHroBoMy H3MeHeHHIO HYHJIOHHoii MaCChI. 8ToT 3q>

cpeHT llMeeT MeCTO npH ycJIOBHH, 'ITO 3HatieHn:e XllMHtieCHOfO IIOTeHI:i;HaJia µ, 
onpe,n:eJIJieMoe q>IIHCHpoBaHHhlM 3HatieHHeM IIJIOTHOCTH ,PN, He npeBhlIIIaeT 

HYHJIOHHOH MaCChl MN B CB06o,n:HOM npocTpaHCTBe, B 'npOTHBHOM cny-qae 

3cpcpe1n no,n:aBJieH 6naro,n:apH npmIIJ.HIIY 3anpeTa IlaynH. 

OTMeTHM, 'ITO aHaJIOfll1IHhlH 3q>cpeHT BaHyyMHhlX q>JiyHTyaIJ.HH TaHffie 

paccMaTpn:BaJICJI B pH,n:e pa6oT Ha OCHOBe ·Mo,n:eJIH Bane1IHH [16]. 
B6nn:311: 3Ha1IeHHJI p0 c::::'. m: HHTerpan MOffieT 6hlTh pa3JIOffieH B pR,n:, 

II(MN, µ;po) c::::'. 11 + P~h 

r,n:e 

2 MN PJ 
l = _ 2gw J dE 1 _ MN (2£2 + M*2) 

I 37r2 E EJ2 N ' 
µ 2 MN P/2 

l = - 9w J dE 1 ~ MN (2£2 + M*2). 
3 61r2 £3 £2 N 

(11) 

µ 

3,n:eCh cne.n:yeT OTMeTHTh, 'ITO nepBhlH 1IJieH pa3JIOlReHHH IIOJIBHJICH ll3-3a He

I{OBapHaHTHOfO o6pe3aHn:JI. Bcne,n:CTBHe nonepe1IHOCTH IIOJIJipH3aIJ.HOHHOfO 

onepaTopa 3TOT tIJieH He ,n:oJI}I{eH npHCYTCTBOBaTh B pa3JIOffieHHH, Il03TOMY 

B ,n:aJibHeiiIIIllX pac1IeTaX OH He Y1IHThlBaeTCH. 11HTerpan 13. JierHO Bhl1Ill

CJIJieTCJI, n B HTore Mhl HMeeM cne.n:y10111ee npH6JIHffieHHOe BhlpameHHe ,n:JIJI 

3cpcpeHTHBHOH MaCChl m;f / 

. 2 

*2 *2{l I )-1 2 J; (l + I )-1 
mej j = mW + 3 = mW J; 3 • (12) 

Pe3yJihTaThl 1IHCJieH1IhlX pac1IeTOB npe,n:cTaBJieHhl Ha pHc.2 ,n:JIJI .Li:BYX pa3-

JIH'IHhlX cny-qaeB CHeiiJIHHroro IIOBe,n:eHHH J;/ f-rr• .LJ:nJI cpaBHeHHH TaHme 
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Puc. 2. 3aBHCHMOCTb OTHOIIIeHHR m;f//mw n J;/ frr OT TIJIOTHOCTH .D.JJR 

.D.BYX 3HatJeanii: cKeiinnaroro napaMeTpa, a = 1 (a) n a = 3 (b). Ilya

KTHpaan JIHHilR COOTBeTCTByeT OTHOIIIeHil!O J;/ frr, MeJIKOTIYHKTHpHan JIH

mrn eCTb pactJeT 3cpcpeKTHBHOii: MaCChl 6e3 npe.n.noJIOllieHHR O CHeii:JIHHre. 

8 

! 
\\ 

•# ·, v· 

j'I, 

.~ 

rrp1rne.n.eHhl Kpirnhle, rroKa3hlBa10mtte rr0Be.n.e1me a.n.pomrnii Macchl 6e3 ytJeTa 

rrorrpaBOK OT B3aIIMO.D.eiiCTBIIR ( IIYHKTIIpHhle JIIIHIIII), a TamKe- pactJeT .D.JJR 

MaCChl W - Me30H1l. 6e3 rrpe.D.IIOJIO}l{eHIIR O CKeiiJIIIHre, T.e. m: = mw (MeJI

KOIIYHKTIIpHhle JIIIHIItt). Mhl BII.D.IIM, 'ITO .n.nn o6ottx paccMaTpttBaeMhlX 3Ha

tJeHIIii CKeiiJIIIHroro rrapaMeTpa a 3cpcpeKT ytJeTa B3allMO.D.eiicTBIIR. C>Ka3hl

BaeTCR CJia6ee, tJeM 3cpcpeKT ll3HatJaJibHO BBe.n.eHHoro B MO.D.eJib CKeil:JIIIHra. 

B To me BpeMn oTKJIOHeHtte OT cKeiiJIIIHra 6naro.n.apn B3aIIMo.n.eil:cTBIIIO oKa-

3hIBaeTCR BeCbMa He3HatJttTeJibHhlM .n.nn a = 3 (cKeiimrnr BpayHa-Po), HO 

.D.OBOJibHO 3aMeTHhlM .D.JJR a = 1 ( CKeiiJIIIHr MO.D.eJIII H11JI). 

3AKJIIOl-lEHME 

B .n.aHHOii pa6oTe 6bIJIO paCCMOTpeHo TIOBe.n.eHIIe KBapKOBOro KOH.D.eH

caTa II 3cpcpeKTIIBHOii MaCChl BeKTOpHoro Me30Ha B cpe.n.e nptt KOHe'lHOii 6a

pIIOHHOil: TIJIOTHOCTII. BhlJill c.n.eJiaHhl 'lllCJieHHhle m:~eHKII .D.JJR OTKJIOHeHIIR 

OT CKeiiJIIIHroro TIOBe.n.eHIIR Me30HHOii MaCChl, Bhl3hlBaeMOe B3aIIMO.D.eil:CTBIIeM 

Me30Ha C HYKJIOHHhlMll llCTO'lHIIKaMII. PacCMOTpeH B03MO}l{Hhlil: cpH3H'leCKHii 

MexaHH3M OTKJIOIIeHIIR OT CKeil:JIIIHra. IloKa3aHo, 'ITO OCHOBHhlM HCTO'IHH

KOM B03MO}l{HOro OTKJIOHeHHR RBJJReTCR yMeHbllleHHe B cpe.n.e HYKJIOHHOii 

MaCChl. IloKa3aHO TaKme, 'ITO BeJIH'lHHa H3MeHeHIIR Me30HHOil: MaCChl -B 

cpe.n.e _CHJibHO 3aBIICHT OT xapaKTepa CKeii:JIHHroro COOTHOIIIeHIIR, TO eCTb 

OT napaMeTpa cKeiiJIHHra a. 
,ABTOp BhlpamaeT 6naro.n.apHoCTh A.11.TnToBy 3a neo.zurnKpaTHhle 06-

cym.n.eHHR H IlOJie3Hhle 3aMetJaHHR. 
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