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I. i3BC.I\8HMC 

liepnoe B030YJl,lJ;CHHoe c ocToHHHe 6ap110Hon , A ( I232 ) , 
OT lqlb!TO QepMI'l B I952 r . D IIOCJJC.JJY!Oll1H8 ro,I\hl ( /blJIO OT Kpb!TO l<ll10!:\e CT-

BO rro,n:o OHh!X oosoHHibc H oapMOHHbiX pesoHaJ-ICOB . S U{3)- mraccH-

!P>mar.um . rrpe,ll;l!OlKCHHaH reJIJJ- r.laHHOM ( I96I) l'l Heti.MaHOM ( I96I) ,ll;J!JI 

3TIDC Cl'IJ!bHO B3aHM0.[(8llCTBYJOil\IDC 0030HOB l'l dapHOHOB , OKa3aJiaCb 

BIIOJIH8 YCH8lllHOll . 0TKPLITH8 ... /2: C MaCCOll l'l Ct paliHOCTb JO , COBIIa,[(aiO

lllliMI'l c oJKM.n:aeMJ:IMH .JJ.JIH IO- ro '!JleHa 'J' = 3;2+ .n:eeyrr.neTa , no.n:TBep-

.IJ:H JJa crrpaBeMHBOCTD cxeMJ:I S U (3) . 
!{ HaCTOJ'IIl18MY Bp8M8Hl'l CHTYai.U1H saMCTHO l'I3M8HI1JlaCb . 0rKpb!TO 

fi!I-IOr O HOBbiX 'IaCTHO: , YTO'IH8Hbl l<BaHTOBb18 'lliCJJa CTapbiX . Taf , B pll.[(8 

CJJY'Ja8B COBp8M8HHbl8 3Ha'I8Hl'IH Mace l'l llll'lpl'IH p830HaJ-ICOB /I OTJil'l

'!aJOTCH Ha 5-IO J,13TJ OT CTapbiX 3Ha'!eHHii. HpOBO.[(l'IBlllliCCH l'ICCJl8.[(0Ba

JH1f! dapHOl!HllX pesoHaJICOB B paviKax . SU(3)- <j)eHoMeHOJIOI'I1l'l CBO.[(l'I

JIHCb K Torzy , 'ITOOH , orrpc.n:eJIIm r.mTpW!Hbltl aJieMeHT o.n:rwro pacrra.n:a 

(A -+NJI') rryTeM rro.n:romm lllliPHHH pacrra.n:a 4 (1232) I< ee 31\CIICP':fMeH

TaJihHOMY 3Ha 4 81!1110 , MOliCI!O elLIJIO n pe,llCKa3a Tb 3ateM Wl'IJll1HLI ,npyrMX 

pacrra,non. TaKa ~ fl.HaJil13 ,!(Ji ll p e s oHll.HCOB ela pMOHOB 11 Me3oiioB o cyll1 e

crBJieH C3MMOCOM, fOJih.l\d e prou 11 Me.noysoyl?/; octaJibHHe CCbiJIKH 

MO liCHO Ha~TH B 3TOM Oel 30pe. 

ITpM •ra~wr·n no,I(Xo.n:c K BLI'!11CJJem1JO MaTpM'!II~ aJier.1enoron dapMoH

HbiX p830HaHCOB He npe.[(CTaBJIRCTCR B03MOl!tHW.1 Y'IHTbiBaTb peaJILHble 

Ma CC hi 4Jl8HOB ,l(8KYIIJ!8Ta HJ! l1 pa3!10CTH MaCC MelK.l(y HMMH(OTKJ!OH8HH8 

OT Cpe,l(He~ MaC CLI 7 COCTaBJ!II IOUl68 IIOJlll,l(Ka !39 MaD , T • e. Ma CChi I!H

OIIa). 

•l HaGTOHO\Cii paooTC .[(81\YTIJICT Clap!WHHLIX pesoHaHCOB paccMaTpM

B8CTCJI B par.max Il8JIOI\3JILHOM hlO,nCJII1 I<BapJWB /J/ !Ipl'l !IpOCTCMIUCM 

Bhldope JiarpammaiJOB B3aJHAO,UCiicTBHH , "ID!BapHaJ!TIIbiX OTIIOCHTC.JILHO 

sv (3). . 
B p a elore /

4/ B pawcax noll MO.l(CJIH paccuotpeH pSI.n cjJH3H4ec-

KIDC rrpOO:CCCOB C y'!8CTHCM M8301JOB HH31\IDC Siieprwi1 . Eb!JII'l paCCMOTpeHbl 

Cl'IJ!bHb!C , CJJaclb!e M 3JI8KTpOHarl!llTI!LI8 pacrra,J:Ol M830HOB l'l IIOI\a3aJIO , 

'!TO Mo.neJib .n:onoJibHO xopowo orrHcblnaer 3 TH rrpoo:eccu. Dee rrapaMeT-

pu Mo.n:eJIH onpe)(eneuu ws ananHsa cHJILHbiX pacrra.n:on r.1esoHon. 

B paOore / 5/ paccMorpenu JJeiiTOHHble pacn a,I\hl H MarHMTHble MOMeH-

Tbl OKT8Ta clapHOHOB M TaKJKe IIOJIY'JCHO XOJlOlll88 COB!Ia.[(CHHC C 3KC!I6pH

M8HTaJ!bHb!MH )(aHHb!MH . 



.J Jia CTORIUCt pado!'e B paJ.1Kax H8JIOKaJlhHOii l.IOJleJIM KBapKOB pac

C!IaTI)J!Ba!OTCf! nacmal(LI .n:ercyrureTa oanaoHHLIX re3oHaHc OB Jl L1aTIH1THile 

L10r.JeHTU lJ- 8 - ;-renexon a . llpn pac"!eTax Raj 6bl.i! l1 McnoJih 30BaHK 3Ha"le 

lll:'1 napar.1e7po:u :IO.IiCJill , onpe.ne.7eJul:lc B ; ,; • ITOJiy<ICH!Ib!e pe3yJibTaThl 

,J{B.HU D TadJI . I M 2. CAllMOKa , CD II38.HHaR C pa3JIM 'lHOrO p o .na IlPY,dJ!H

ReHJl.flll.l ! , )(Onyu(eHHUMH np11 pac tJeTax , co cTanJIR eT - ILl - J t»b. Y.ax 
C'lr!.llJ'0'l' vl3 cnaBJ!ei!Wl JlC3Y.JihTaTOB C 3YCiiepWi.l8l!TaJlbHhlllJ1 ,naHHbiW1 

, ( ctt . T<H>JI . 1 1; ?) , Mo;;,eJih xo pow o OiniC UBa eT pacc;.w T p ennu e npoqeccu. 

;~ . .:!arpaH::\:aat.J B3aiDfi0)(8JiC1'Bl !.l! 'llaCTMU CO CITJD-1011 :J p = ~ + 
1~ I\BaDKOBbiX llOJieil 

• ~·I BIWTIIIJae;.r .Jiarpami{J.iaH B3UV<Mo.neHcTBJffi B npocTetimer.1 BM.UC : 

<lflY,( -Kst IC ) (- s ~ ) ~(x)=it/ :(?f<{)CJ~'b_(lc) ~~(K)~}/'C} +h.C. ( 4 . J) 

:J.n:ecn 7~ - J:OH CTa ETU B3UHI.!O,HCikTBRH J.oie:>i~rry J(8KY!LJieTHbll.1 M ImapKO-

Dil:.l ITO.JIH:.::il ; r:, H ~ - rm:lTpl1U11 ,~,MpaKa ; ')),.()()- 110JIR ,II.C Kyi1JieTa 

( Ci1HEO[lU ?:lDHTa- ::'Bl1ii r epa) , JJ)J.fi KOTOPbiX Jlb1!10JIHHIOT Cf! CJienyiOI:(J1e 

YC.JI OBJ-lH : 

a .... v,.. ( x) == o 

~ '])t' (x) = 0 (;~ . ;~ ) 

'71 f oil< ( -ii<X + iiCX ( ) (m )fl /Jr (KJ = [z;}ltz. e. ~,..(Jr.;~< JollA+- e u,. >.,") C;e>. . K. 

•* L: ur (>.,,1() U, (>.,,/1:) = f (K+m) [ .;& Kr K" - 1 -~-
>., ·- 3i r 

- Yvlf. + ~ (~k'~~- i'v 1<~) J; (;' . 3) 

CJ'111t.ll1pOBaHR8 IIpOBO.IJ:MTCf! ITO CIIRHOBH!,I lll-!Jle Kcar.1. J.a.Jiee , t:f_ , (3 , 
0 - UBe TOB!:le RHJl8KCH ("'.~1 Y=I,21 3); f,cpr - IlO.JIIIOCTblO 

aJ-ITHCRM:VI8Tp H'1Hbli1 TeH30p 3-I'O p rurra ; 

<}; (X} - KBapK- BUpTOHHUe IIOJI.fi ; 

1(, S, i: - JI!H.IJ:8 KCH SU('~)- rpynnu . 
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• 

KoHiq>e THHH BH,ll; MaTp~ r; H I; OIIpe.n;eJIJieTCf! TpedOBaHHeM , 

'1T06H JiarpB.HlllliaH B3aHMo.n;e iicTBRH ynoMeTBOp.IIJI CJienyJOOIHM ycnoBHRM : 

a) C, , p , T - IDIBapMaHTHOCTR . 

6) H R3IIIRe dapROHHHe COCTOIIHW! rrpe.n;cTaB/I.fiJOT COd OH TpexKBapKOBble 

COCTO.fiHWl c L: 0 . 

BoJIHOBHe WYHKUHH neK,YIIJieTa , OTHo~eCR K CIIRHY H YHRTap HOMY 

CIIM:HY, .IJ:OJI~bl dbiTh IIOJIHOCThiD CHMM8TpR'1HHMR OTH0CMT8JihHO rrepecTa

HOBOK Tpex RH.n;8 KCOB .SV(a) : 

x/~nrH. = 'J) , k n, = 
(2 . 4) 

B) CIIIDioBHe BOJIHOBue WYHKURR 3THX cocTO.fiHHii Ta~e cmw~eTpH'1Hbl 
T . e . B HepeJI.fiTHBRCTCKOM rrpe.n;e.Jie IIO.JIHHH CIIRH .IJ:O.JI~eH o rrpene.JI.fiThCII 

CYl~OH CIIIDIOB KBapKOB : 

++ j. A = %=1ttt) 
{1) It) ( J} 

" tJt,v1 V't,~l 11y,'lt si!""f 

t/ ~ :J. fJz. = ~ [I tH >+I H t) +I Ht > J 
( 2 . 5) 

~i=~ 

H T • .IJ: . 

IlpOBO,IVi B ( 2 .!) orrepru.urn CHMM8Tplm ( C1 P, T) , a Ta~e y<IM:Tbi-

BM YC.JIOBRH (2 . 4) H ( 2 . 5) , IIOJIY'1a8M, 'iTO .JiarpaH~aH B3ffiiMO.IJ:8llCT

BRH qacTHI.( CO CIIRHOM 3/2 R KBapKOBbiX IIOJie il d e3 rrp OH3BO.n;HHX M:Mee·r 

BH.n; : 

£])(Ji) = i ~ t.tpr[(~:~> ~:ex>)( f.~ ex) r,.. }; (x)) + 

+ ~ (n;(x) Dv }:()()) ( i~C"") O,i 'f.; (x>) + h. c. J, (2.6) 

rne o;,r :: ~ (r.,rr - ~ r .. .) . 
- 2 

KOHCTaHTa CB.fi3H CR.JihHblX B3aRMO.IJ:8HCTBM:i1 ~~ RM88T pa3M8pHOCTh f1 • 
Be3pa3uepH~R rrapaweTp 

,\ ., 1. ( h)2

• (~ ) 4 
b z ~ 3~ ' (2 . 7) 
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L· 

r.ne L - rraparv~eTp Mo.n;eJni 13 • 4/ RBJI.fleTCH J:OHCTaHToii: pa3JioJKeH:wr 

B pil.U no TeOpiD! B03MYUI8IrnH. BllpaJKeirne (2. 7) MOJKeT 6blT:O !IOJIY'f8HO 

ITO aHanOriDI C TeM, KaK STO 6arro c.n;e~aHO B ~yqae 6apHOHHHX B3a

HMO.IJ:8HCTBHH / 5/. 
IIpe.n;rrMoJKeHHe o TOM, "'TO 6apHOHbl RBJI.fl!OTCH CBR3aHHblMM coc

TORHHHMH KBapKOB, 3KBMBaneHTHO Tpe60BaHIDO, "'T06bl KOHCTaH~a ;$ 
rrepeHOP.~~oBKH BMHoBoi1 WYHKUHM 6apHoHHoro .neKYU~eTa paB~ac:o 
rry~r/67: 

z = 0. (2. 8) 

VIs sToro y~oB:wr MOJKeT 6l:lT:O orrpe.ne~eHa s@leKTMBHa.H KOHCTaHTa A2 
}J.JrJI STOrO paCCMOTpHM MaCCOBblH orrepaTOp L/"lf(p) "laCTIDJ; CO CIIMHOM 

3/2, KOTOPHH BO BTOPOM IIOpil.IJ:Ke TeopiDI B03MYU18HKH OIIMCblBaeTCH 

.n;HarpaMMOH <fuHHl\laHa, M306paJKeHHOH Ha pMc. I. 

~ 
X~ 

PHc. I 

JlpH Bu<lope JiarpaHli(l1aHa B3aHMO.n;ei!CTBHil ( 2. 6) COOTBeTCTBYill!lHlt 

3TOt:l ,D;HarpaMMe MaTpH'!Hblt:l 3Jl8M8HT S -MaTPHI.Ibl 3anHCblBaeTCil B DH,D;eX): 

.Aft = -i i,... ex) Lr" (x-'t) 1Jy ('f)' (2 . 9) 

r.ne 

Lt'" (X)= - -!2 il; [ r; (X) ~d fv G-(x) 1i-- G- (-i) J-r 2, G-(x} r,..G c~x) DJ! 6-(XJ 

+ i Y.~, r;.(x) ~f [ o;,.~, & ct)Yr- G-C-KJ J + ~ c;.(xJ rr 6-(-xJ o,.~. 6- (X) 

X)BllpaJKeirne ,JJ,JIR 1:,.., (x) 6ano IIOJIY'I8HO Ha 3BM CDC -6500 C IIOMOII1l>IO 
CMCTeMb! aHanMTM"!eC!G'IX Bbl"'M~emrll: SCHOO#SCHIP 1'7/. 
MCXO.IJ:Hb!MM .n;aHHb!MH ,JJ,JIJI pa3pa60TaHHOH HaMM rrporpaMMbl .fl:MRIOTCH 
~arpaHJKHaHbl B3ffiiMO.IJ:8HCTBM. IlporpaMMa HaxO,IJ;HT CBepTKH IIM8H 

fJ.j {X) ITO 3a.IJ:aHHblM WoPMY~aM, OCYlli8CTBJI.fl:eT CJ'MMHPOBaHMe ITO 
~OP8Hl.I8BblM HH.IJ:8KCaM M IIpMBO,ll;HT II0~06Hble ~eHbl C y"!8TOM CMMMeT-
pM"'HOCTH 1J;"'"(x) ITO MH.IJ:8KCaM K , m , It • 

4 

-t G-(lJ rf sf[ t., c;.c£J~ c;.c .. ;;J- r;ctJ~~ G-(-xJ r., r;(xJtp 

-f roL c;. w rf-' ~f ~.~. G-(t; }~ c;. c-x;J- t r.,. G(xJ },. G-C-xJ~.~. &(i'J~ J. 
3.n;ec:o G- (X}- rrporraraTop KBapKoBoro nOM ( cM/31) B rrpocTpaH

CTBe MruiKOBCKOro: 

,. ., J - " -i px 4 
G-(x) = (2Ir)'~i <Y (p) e d p , 

r.ne ... L 1 7. 
fp+-P "' ~ z 

~ (PJ = L e " = A (-p~ + p 8 (-P'), 

- 'l. 2. A (-l) = L (oS ( f ff) e ""if" P , 

B (-f)= L Scn~·eJ;/Pz. 
IIapaMeTpaMM Mo.n;e~M RBJI.fliOTCH L M ~ = ~( • 113 aHanM3a pacrra.n;oB 

Me3oHoB B 141 6arrH orrpe.n;e~eHbl 3Ha"leH:wr rrapaMeTpoB 

L = 3, 12. r3t-i = 

J=1,4±0,f. 

( 

320 !JsB 

3TH 3Ha"leH:wr MCIIM:03YJOTCH HaMM rrp11 pac"!eTax WM3M"!eCKHX rrpo1.1ec-

COB C yqaCTM8M 6apMOHOB. .Il.JIR Bbl"'M~8IrnH (; (KJ rrpe.n;CTaBJI.fleTCH B 

mme 14 •51: 
G (;) = A (X 1) + i X B (X J . 

r,n;e B 8BKJIM,D;OBOt:l MeTpMKe 

Ac-x:)- ,:,J'i Jci'pE e-i(PE:X£) A(P:) 

8 (-X:)= _.f_ Jt:~f(o i(PeXE) e-c"(Pei(E) B~(t>2.) 
(2zr)'t re x: 1 E • 

(2.IO) 

IIpe.n;cTaMeirne WYHKI.IM~ A(- xE 2) 11 B (-x;j , Mcrron3yeMoe rrp11 

pac"leTax, rrpMBe.n;eHo B IIp~oJKeHMM. ~:oHeHlliee Bbl"'R~eHHe orrepa

Topa L!iV(x) , CB.fi3aHHoe c rrpeo6pa30BaHM8M BllpaJKeHIDi 113 r
-MaTpHI.I M B3.flTM8M rnrrypoB, Ta~e IIpOM3BO~OC:O Ha 3BM C ITOMOII1l>IO 

CMCTeMb! SCJIOONS~HIP. B pe3y~:oTaTe ~y(x} HMeeT BM.n;: 

5 



r~e 

~ 

Lvr(x} =-12i}; [1.,r Lo(x~+iX}yr'L.,cx)~ 

+ x.,xr L 2 ex:>+ '- x x, x,.. .[ 3 ex)] , 

l:o (x-z; == 18 l(x1
}- 3 6 A (x~ B '1(xa_).x 1. 

r., (x:J = :3 6 A 
2
(XJ· B(x':)- 18 X z. B 3(x'J 

!:2 (x1.) = (2 A (X 1
) B1(x 2

) 

L" 3 (Jt:J = 36B 3 (x). 
J1epeXO,II,ff K HMIJYJI:bCHOMY npe~CTaBJieHHIO, ilOJiy<IaeM: 

~ ("') J 'I ip)( ..,. ~ '-vr P = ot x e L- J?r (x) = 

= 1~ ~ (p.,.) + i P },..,.. <P, (P
1

) ~ P,..Pt' ¢ 2 (f
1}r ipP.,If.. 4>

3 
(p), 

(2 .II) 

(2. 12) 

ITepeHop~mpoBKa BOJIHOBoi1 WYHKI.:Ulli ~ onpe~eJI.HeTCJI CJie-

.DYJOOIHM o6pasoM: 

l = 1 + <p: cm;J = 1 + o~P, fp"J/ , 
op'J. p1 -= m~ (2. 13) 

r~e fnv- Macca cooTBeTCTByromero ~eHa ~eK,YITJieTa. 

C y<IeTOM (2.II), (2.12), (2.13) noCJie B~eJieHWI 3qxp8!\THB-

HOH KOHCTaHT!:l pa3JIOJ!\8HWI ).2> ,corJiaCHO (2. 7) ,c y<I8TOM ~yx 

q)!8HOB Pff~a TeOpHH B03MJm8HHH ITOJiy<IaeM 

z = 1- 4.3Jr~ ,\b· ~( j) J 

(2.14) 

r~e 
gO 

~(f)= :!. ft 1 [t,(-t 1J- f t 'Lr:z c-t:~ 1- l ( Ii(~m,.i;){ o1-t 
mil , ~s s~t S'"t 
~ t 

+ 4-.. J t3 L r.,c~toz.J- t·e-r3c-t)J;s~( It (:n;-tJ_)t ~t 
~ • S l'tl~ t; )J S•t 

6 

• 

1 -4 ( l > (-tll ')1 (I., (sl'if.,;'t))/ ci-t 
+ tiil' 3 ~i Lz /~sJ sm~-t -; s=1 (2.15) 

+ _. :!. J~l r C-t~' ~v ( I 1 (s-~t))f o/t ii/,'4 • 3 , '-3 ./ ~sv s ntD~ / ~"'~ . _ 
3~ec:r, I (c) - Mo~~BaHHa.R: <PYHronm EecceJIH; m, = m:bL. 

1 2 
3a.BHCRMOCT:b \ OT napa.MeTpa j H MaCC!:l '!aCT~, orrpe~eJieHHa.R: 
H3 yCJioBHH (2.8) c Y'J:8TOM (2.14) H (2.15), noKasaHa Ha pHc. 2. 

10
4

• ~D 

4 

3 

2 

0 L---~--~--~--L---L-__ L_ __ L_ __ ~J 
1.0 1.4 1.8 

PHc.2 

B OKPeCTHocTH ) = 1/ttqf RMeeM 

\ -'t 
II A :. 2, 3 · -i 0 

-'( 
.Ay•= '1,1·10 (2.16) 

-v J. g• = ~s · 10 . 
Pa3JIH'!He KOHCTaHT (2.16) B 2+4 pasa 06MCRIIeTCJI T8M, 'ITO 

IPYH.KURII ~(j:J B (2 .14), rpy6o roBopa, sa.BHCHT oT Maccu qneHoB 

~eK,YITJieTa KaK 

1; (}) .._. ex P [ f { m;L J'"] . 

7 



--.J 
ITorpeWHOCTb B orrpe~e~eKHH Ab CBff3aHa c rrpH~eHHHM xapaK

TepoM COOTHOllieHRff (2.14), C H8TO~OCTbiD B orrpe~e~eKHH rrapaMeTpa 

.f (OM. pHC. 2) H, KaK Ml:l Ctm:TaeM, COCTaBJ.tileT ITOpH~Ka 10-

30%. 

MMOCTb KOHCTaHT!i ).1> o6eCIT8'IHBaeT B03MOlKHOCTb rrpHMeHeHHH. 

B paMKaX He~OKMbHOH MO~~H KBapKOB TeopHH B03MJm8HHH rrpH Oirn

CaHHH C~bHHX B3aiD~O~e~CTBHH. 

3. illHpHH!i pacrrgnoB ~eKYfineTa 6apHOHH!iX pesoHaHCOB 

ilMH!iH ~arpa.HJKHaH B3aHM0~8HCTBWI, OIIHC!iB8.Kli(Hit pacrr~ ~eeyrr

~eTa, HMeeT B~: 

;;{I = £ 2> -T ~ B + £ H 
(3.1) 

r~e ~~ - ~arpa.HJKHaH B3aHMo~eHCTBWI rr~en ~eeyiiJieTa c KBapKaMH, 

orrpe~e~eHH!itt cor~acHo (2.6); ~B - ~arpa.HJKHaH B3aHMO~eHCTBRff 

OKTeTa 6apHOHOB C KBapKaMH, COOTB8TCTByromHH ~-BapHaHTY C~bHOro 

B3aHMO~eHCTBRff 151 : 

\P · r-ICS S )( 0 111 11. 1 \ ICinll tl.f-r 
«-s(xJ= 'Js 8 (K) IJ-.~. (x) ~~(XJ fs. f{,t-MfE. ·E. + h.c. 

COOTB8TCTBYJO!ila.H 3qxpeKTHBHaH KOHCTaHTa paMOJK8HRff _,\ B , orrpe~~eH
HaH B 15/, 

;{M 

).N: 3,0· -10- 3 

-3 
AA = 1,5. 10 

-3 
>. r = '11 -1 • -1° 
\ -J 
I\I:'=D,G·10 . II 

- ~arpa.HJKHaH MeSOH-KBapKOBOro B3aHM0~8HCTBRff 4 : 

'£M (X) ; ih M ICS( ~;{x) rS' ~: (x)) 

C 3qxpeKTHBHOH KOHCTaHTOH 

AM = 0,13, 

a 

• 

ICS M IC$ 
3~ecb B H - OKTeTHHe MaTP~ 6apHoHoB H rrceB~ocKa-

nHPHHX M830HOB COOTB8TCTB8HHO • 

B CHJIY YCJIOBWI (2.8) pacrr~ ~eeyiiJieTa OIIHC!iBaeTCil BO BTOpoM 

ITOpH~Ke TeOpHH B03MJm8HH~ 0~0~ BepWHHHOH ~arpaMMO~ ~ftHMaHa, 

H306pa.JKeHHO~ Ha pHC. 3. MaTp~~ 3~8M8HT ,S' -MaTp~, COOT

B8TCTBYJOO!HH 3TO~ ,IU1arpaMMe, ITOJIY'I8HH!i~ Ha 3BM aHMOI'H'ffiO (2. 9), 

HMeeT B~: 

-ICS A ~A izi .M = B (x1) C~es,hi,t~ ,.Jt1,x2,x3) M (Xa.) 1>r ex,), (3.2) 

r~e 

C~es,it<,d = - 6 €:"*'"cs~, [ 0.tt ( """' ;ml.- ;1e1.l <\1o) +~.J ~~ ~t -{t 6"'-'J] 

A,._ CX-t,X2.1 X)) • G(.c1-x3) )p{fs-G- (.r,-X1) fs G-(Xz-Xl) If. G-(X1-X.,) J 

+ 2. r;.(x,-x3 ) Yr G(x3-x1)f; 6-(x,-x:) os- G-(x1 -x3) 

--! G- ( x,- X3 ) (i Sf [ fs- G-(x1-Xz.) fr G-{Xz. -X3)6,-.., 6- (X3 -X1) J 
- G- (x,-x3) 6f.., G-(xl-x1)tr G-(x1-Xz)~ G-(xz.-X3){y 

M 

0 B 

x1 

I\! c. 3 

iloCJie HeKOTOP!iX rrpeo6pasoB8HKH H nepexo~a K HMITy~bCHOMY rrpe~

C'J.'~eHHID, orpaHHtm:Ba.Hcb nepB!iM nopa~oM ·no X. , rr~Y'laeM: 

t. -~es h.i xl 
.M. =- Q rt~es,!t<,d B (Y,) ~c:,.. R D,. CpJ M (~t.J , (3.3) 

9 



r.ne (2)lt 1 I \ . \ . \ Q 0:: 8'1'· lj . v ... ~ "'8 ... ,., 

R. = j[Ro-tR%+ ~(1+l:!.)R3 J i:?. T1~ms+) oit 
o Z m8 

+ fL ~ - ( 1 + ~) Rvj. f,l 1. (I., (:_mst~ )} dt 
o 6 life"'ls sms-t J 5=1 (3.4) 

+ T£-slfo:B'l.+ .tR2.-(-t+2MJR3] ~ .. ~: (r1 c~mst~l/ 17(-t 
o ~ rns ~s s m8 -t J S=1 

oO '""~ ( -( .., t " ( I 1 ~m8 t) \ 
-J(3+M)Rym~'"bsl Slii-t )I olt 

0 B 8 I S"1 . 

3,n;ecb M:(::t- i 1 

Ta COOTB8TCTB8HHO ; 

m~ , m8 - Maccu '!JieHoB ,n;eicyiTJieTa M OJ<Te-
~ L. - '- I. m~> •m,.-z ; m8 • ms y ; 1 (i!} - uo.n;M-

~Ifi.UiPOBaJma.H ~IlYHJ\1.01.ff EecceM ; 

Ro =-16v;'Jlz+ 6 lJi'A~·t + 8 1Ji':B2 + /- tJo·:B
2 

"'rna 
t·R1 =-21fo:A·S +~m8 ~'A~t +24rn8 u;':tt·.B+4m8 tJ:;~t-:B 2 

R. I Z I 
z = 2· u.; ~-E·t + 8 J3 · v.i 

R3 = 4 "3 11 JI%C + 4 l.f,' :lflt 1. + v;. :11·13· t - "v:, I il·J3· t 

1<. v = 4 Vi" :/J·E· t + 4 v;.'.:A·J3·t + v; .13 2 - tnr/ 13 2 

' 
r.ne .f/ (t: j) M 1':3 (t1

2!) orrpe,n;eJifiJOTCR corJiacHo (TI. 2) ; 
IUTpi'Ixaul'! o6osnaqeHhl npoJIIsBo.n:Hhle no t.~. 

~(t;j):. ~xp(-ta/B) 
.,.., 2X 1 

!Ji(t;j): 16 f e- K!'k."'-(tJt) :J1(x1:)dx ( ) 
0 ~ J .5 

- 2 1 IJi(t;j) = & J X e-x Si~t-0 }"K) J.(xt) dx 
0 ~ 

u;rt;j)= llz.(t:n+ l v;ct~iJ. 
MeTO.n:MRa BH'illCJieHWI mnerpaJioB ( 3. 5) orrn:caHa B IIpMJIOJi{8HMM. 

C TIOMOIIU>lO ( 3. 3) - ( 3 . 5) Ha.MI'I OHJIM Bl:l'lliCJI8HH llli'IpMHH paCTia,I{OB 

",ll;8.f\YTIJI8T - OKT8T 11
• PesyJibTaT!ol paC'i8TOB, COOTB8TCTBYJO!llH8 

j •f1'f~~-f, IIpHB8,II;8HH B Ta6JI. I. TO'lHOCTb TIOJIY'I8HHRX 3HaqeHJtll orrpe- • 

10 

,n;MfieTCR onrn6Ka.MI'I B onpe.n;eJiemm j , >. 21 , ). 8 , AM , a 

TaKJKe H8TIOJIHblM J7'i8TOM pR.n;a T80p.Irn: B03MYili8H:ffii M COCTaBJI.fleT 

- 1~30%. KaK CJI6.IJY8T M3 CpaBH8HWI p83YJibTaTOB C 3RCTI8pMM8HTMb

HllMI'I ,ll;aHHHMJil /I/, TaKJKe IIpHB8,ll;8HHllMJil B TaOJI. I, MO,ll;8Jib ,ll;OBOJib-

HO xopomo orrncHBaeT paccMaTpHBaeMble npo~eccH . 

Mo.na pacna,I{a 

A++~ p :rr+ 
Ll+ - PJro 

.1 + - h.3T+ 

!10 - p .11'-

110 - 11. .1T 0 

!1- - 11.11'-

TaOJIMUa I. 

lilJilpMH~o~ pacna.I{oB 

3RcnepiDI!eHT/I/ 

III,5 

76,1 

36,8 

38 ,3 

76,7 

II6 

s·o - 3 ·sr· 3,26 

s·· - s-:rr+ 5,54 

8"- -. g- 3T" 0 3,09 

s·- - s·3T- 6,56 

y•+ - f\31'+ 30,8 

y•+ - !: +;rro 2 ,3 

y•+ - r:•JT+ 1 ,9 

y•• - I\ sr• 30,8 

y•o - L-.11'+ 1,86 

y•• - r+j!'- 2,3 

y.-- "r.- 35 ,2 

y•- ~ LoJf- 2,4 

II 

HeJIOKMbHa.H 
MO,ll;8Jib 
RBapKOB 

roo 
68 

33 

34 

7I 

I06 

3,3 

5,3 

3,1 

6,6 

21 

1,5 

I,2 

23 

I,2 

1,5 

23 

1, 5 

l 
I 



4. MaTIUfl'HHil: MOM8HT l)- 8 - nepeXO,I!a 

Mal'HliTmlli MOM8HT tJ- B nepexo,I!a r.. onpe,I!e.JI.R:8T H8,I!Hai'OHM:b

HUil: MaTp~H 3~8M8HT OTiepaTopa a~eKTpoMal'HliTHOrO TOKa a,I!POHOB 

MelK.I!Y cocTOJIHIDIMK 6apHoHa B H 6apHoHHoro pe3oHaHca 2) • 

Be~WIJlliy MarHHTHOro MOM8HTa ,;-t• MOlK.HO HaHTH IIO Bepo/ITHO-

CTH pa,n;Ji!a.L\liOHHOro pacna,I!a 2> ... B + r. TaR KaK ~HTy,I!a HCrrycKaHIDI 

B pacrra,I!e 2> + B + r s~eKTpWJ:eCKOro KBa,!!pyrr~Horo r- KBaHTa 

CJ"m8CTB8HHO M8H:blli8 ~TY.I!U HCrryCReHliff MarHHTHOro ,I!HII~:bHOro 

~ - KBaHTa, TO C XOpOlli8~ TO~OCT:biD MOlK.HO C~TaT:b, ~TO lliJiPHHa 

STOro paCIIa,I!a onpe,I!e~eTCff T~:bKO B8~0H MarHHTHOro MOM8HTa 

• rrepeXO,I!a )"- • 

D B 

p q 

PHc.4 

<IleHliMaHoBcKM ,I!Harpa.MMa, .IlaJ0111M BKJia,I! B pa,n;Ji!a.L\liOHHHil: pac

Tia,I! 'J) ... B t- r ' npe,I!CTaMeHa Ha PHC. 4. CooTB8TCTB~ eil: MaT

pWIHUil: 3~8M8HT 3aiiHCUBa8TCII B Bli,I!8: 

e -ICS [ J Li'l F.-.M. = m, B (1) '(s 'It r, + v'). 'h 'J)r (p) t'" (K), 
(4.I) 

r,I!e •1cJt ~ 

F,..., (x) =or A.,(¥)- ~,Ar(x) = folvK e,_, i=,.v(IC}) 

A,fq- a~eKTPOMal'HliTHoe rr~e. 

B Harneil: MO,I!Mli ~ li V1 BUpBJKa!OTCff ~epe3 HHBapliaHTHHe HHT8I'-

p~: 
00 

'It= Q Jx3 lfA~1 -1x:QB:B.1]· I.,(max) + 

12 

• 

+ .i. [.1,.:B"1..B + ~ :ftE:IJ +2,:1).2.:8 ]1_ (I1 (sm8 X)\ 
'"3 1 X 1 1•)5- ;J+ 

B 5 ms x 5=1 

+ .1.. [..!.. :II<B<B + ~ 131.111 o1. { r1 c~·maXJ)l rrr; ?>X 1 x1. 1 ~s2. _ -r 
SmBX 5=1 

t_!3 . ...i.. 13~:B ')'3(T.,{smax9) Jdx 
m8 3X2. 1 oS1 Srn X 8 5=1 

00 

V:z. = Q J x 11_ ~ [ x ;4·13·1:3., + } :82..4., ]- I., l max)+ 
0 

L a m8 x 

+ ~,. L ,;'l.~-c + : JJ·J?,·J., + 5 .B1..s.,J fs (r1 c:m,x) l, .,. 
me Sm8 lt. 'J/s"'t 

+ ~3 [.!!...A·B·'B., + .!,::R/'11 J ~: (It (smax))/. + 
ltls X 3X 1 ~S SfffsX "") S=t 

+.!.... 2 13:.B '01 ( It(£msx~~ } olx 
-lf 2. 1 ..... 3 -m8 ~x oS S m8 x 5 ,.1 I 

(4.2) 

r,I!e Q = 3·2?· m,f3(tJ'1be'>.z~; 

_,q (x: j)
1 

13 {~: J) onpe,I!~TCII COr~aCHO (II.2); 

- t2 
jJ~ (~~ }) = 2 J t· e- Co.f( tt). Jo (xt)oli: 

0 z. 
:B.,(xJ j)= -2 ft'l.e-t ftJa. ('Ji) J1;~f) di:. 

0 
(4.3) 

~~:bHU:I1 MarHHTHUH MOM8HT ~-JB rrepeXO,I!a M0*8T 6UT:b BU

~~eH ~e.I!YIDmHM o6pa30M 181: 
If -1 ~,. 3f2 I=l!:;r 

)A • - v'~< ( A.,,1. + 1/3 A 3/z. ) , <4.4) 

r,I!e 

A1h =- ek (' I'Yia~K)-i'z[V.,ms- V:z.~(m1)-ms)l 
•h. m8 :J 
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r.ne (.1.)'1 , I 1 • >. . 1 Q"' 831'· '1 • V '~21 B "'M 

R. = j[Ro-tRz+ !(1+l!.)R3 J i: 2 I1~mat) cit 
o 2. m8 

+ fL ~ -(1+ ~)Rvj- t,l 2(I"(:_mat~)J dt 
o 8 ltl"a 'bS smst: J 5=1 (3.4) 

+ T£-s ifo:B'l.+ J.R2.-(1+2M)R3] ~ .. ~: (r1 (s~t.!_)J ot+ 
o Z>ms ~s Smst: J S=1 
~ ,-,.} ( ~ 
( (.., ) t " ( I 1 -;mBt) \ 

-J -s+MR.yml'?>sl sm-t )l ott 
0 8 B I S"i . 

3.necn M ==(~; t- i , m., , m8 - M8.CC!l '!JI8HOB .D;8.KYTIJI8Ta M ORTe-

Ta COOTB8TCTB8HHO; ~ /. - t. m, '"'m~ y ; m8 • ms y 

qmwrpoBa.HHM e,Ilyrm:r.um Eecce.Jlii ; 

Ro=16v;'.ll 2 + 6lJ1'A~·t + sv;'132 + 2
_ tJo·:B 2 

.iHn8 

I1 (i!} - IIIO,nM-

t· R1 =- 2 v;, ~-13 + ~Jn8 t11'A~t + 24 rn8 U)':t1·.B + 4 m8 ~~ t. ~ 
2 

I l I R. 2 = 2· v.; ~-13·t + 8 .13 • V3 

R3 = 4 1J311 .IIzt"+ 41!z' fl 2t 2 + v; :fi·:B·t- 'tv:,'ii·E·t 

T<.v = 4 v;":/J·13·t +41f%'.:11·!3·-t+ v;.13~- tnr.,'E 2 , 

r.ne .:fl (t: j) M :73 (t,• j) orrpe,neJIRIOTCH corJia.cHo (TI. 2) ; 
IUTpi-!X81Uf OCi03!l8qeHbl rrpOI'I3BO)\Hh!e ITO t.a. 

Vo(t;j) =- up(-ta/S) 
.... 2 l. 

!J.;(t~j)= 16 J e- x~in. ... {tJt) :J1(xt)dx ( ) 
0 ~ J.5 

- 2 l. Vi (t;j) = 8 J X e- x Si~t- (~ f.l') j• (xt) dx 
0 t 

v;rt;j)= a;_(t:}J+ l 1J1{t~iJ. 
MeTO,nMI<a. B!l'lliCJieHW! RHT8rp8JIOB ( 3. 5) OID!Ca.Ha B TipMOlK8HMI-! • 

C IIOMOll.ll>!O (3.3)-(3.5) HaMI-l 6llJIM BWIMCJI8Hll umpRH!i pa.crra.,noB 

".ne.KYTIJieT - ORTeT". Pe3yJibT8.T!l pa.C'18TOB, COOTB8TCTBYJOOlH8 

j•f.~t~f, rrpRBe.n;eH!l B Ta6JI. I. To'IHOCTb IIOJIY'IeHH!lX 3Ha.'1eH:ru! orrpe-

10 

• 

.n;eJIReTCH o11IM6Ka.MI-~ B orrpe.n;eJieHMI-~ j , A :1) , .A B , ..A 
11 

, a 

T8..10K8 H8IIOJIH!:IM Y"tJ8TOM pll,IJ;a. T80pMM B03r~eHM:i1 l'l: COCT8.BJ11IeT 

- I0-30%. KaK CJie.n;yeT M3 cpa.nHemm pe3YJII>Ta.ToB c 3Kcrrepm.1eHT8Jib

HliM!f .IJ;a.HHUMI-1 /I/, TaiOKe llplffi8.IJ;8HH11MM B Ta.6JI. I, MO,neJib .IJ;OBOJib-

HO XOPOliiO OID!C!lBaeT pa.ccMa.TpRBa.eMble llp01(8CC!l. 

!Ao.n;a. pa.crra..na. 

.6++-+ p $1+ 

A+ - pJro 

.1 + - n..rr+ 

110 - PJr-

Ao - n.1To 

11- - 11.11"-

s·o- s•sro 
s·· - s-3T+ 

8"- -t- 8-1ro 

s·-- z•31'-
y•t - AJr+ 

y•+ - L+Jro 

y,.+ - LOJr+ 

y•o ._ 1\ 1f'o 

y•o ._ L-31'+ 

y•• - z:+31'-

y•- - A r.--
y•- ._ LoJf-

T a.6mru;a. I • 

l!MpMH!l pa.crra..noB 

3KcrrepMMeHT/I/ 

III,5 

76,I 

36,8 

38,3 

76,7 

II6 

3,26 

5,54 

3,09 

6,56 

30, 8 

2,3 

I,9 

30,8 

I,86 

2,3 

35,2 

2,4 

II 

HeJIOKaJibHM 
MO.IJ;8Jib 
KBapKOB 

roo 
68 

33 

34 

7I 

I06 

3,3 

5,3 

3,I 

6,6 

2I 

I,5 

I,2 

23 

I,2 

I,5 

23 

I,5 



4. Marnlfl'HH:it MOMeHT i)- 8 - rrepexo.na 

Mai'llliTHH:it MoMeHT fJJ- B rrepexo.na j-< • orrpe,neJII!eT He.nHaroHan:r:.

HH:it MaTp~:it s~eMeHT OIIepaTopa s~eKTpOMai'llliTHOro TOKa a,npoHOB 

MeJKJJY cocTOJUrniiMH 6apRoHa B R 6apRoHHoro pe30HaHca 2) • 

Be~R'IIlliY MarHRTHOro MOM8HTa .J-'• MOJKHO Ha:itTR ITO BepoiiTHO-

CUI pa.I(Hao;HOHHOro pacrra.na 2> ~ B + r. TaK KaK aMMID'y,na RCIIyC.KaHW! 

B pacrra.ne 2)+ B• r s~eKTpR'!ecKoro KBa,npyrrM:r:.Horo r- KBaHTa 

C~8CTB8HHO M8H:bllie ~TY.YH RCIIyCKeRHff MarHID'HOrQ ,nRII~:bHOro 

~ - KBaHTa, TO C XOporneft TO~OCT:biD MOJKHO C~TaT:r:., ~TO rnRpRHa 

STOre pacrra,na orrpe,ne~eTCff T~:bKO Be~OH Mai'llliTHOro MOMeHTa 

rrepexo.na r * . 

D 8 

p q 

PHc.4 

\Ile:itHMaHOBCKaH .nHarpaMMa, .naJOIIIM BRJia,n B Pa.nHauHOHHH:it pac

rra.n '])+ B+- r' rrpe,nCTB.BJieHa Ha PRC. 4. CooTBeTCTBY"J:O!llRil en MaT

p~:it S~eMeHT 3aiiRCHBaeTCff B BR,ne: 

AJ e -Ks [ J iil. F-
..IVL = mp B Cf) Ds V1 r, + v'J.}, 'J)r (f) ,.,CK), 

(4. I) 

r.ne 'KX ~ 
F_...,(x) = orA.,(-¥)-~ 11 A,..Cx)= folvKe._, F,.,(IC}, 

A,I.¥J- s~e KTpOMai'llliTHoe rr~e • 

B Harne:it MO,YMR v1 R V:z. BHPB.JKaiOTCff l!epe3 RHBapRaHTHHe RHTei'-

paJIH: 
oO 

'!.. = Q l x 3 lfA~1 --Jx:4B:B.d. I1 (~ex) + 

12 

• 

+ .i. [3...:B"3..B + ~ 1/'13:/J +l:A-2-B] 1. (I1 (sm8 X)\ Iii' 3 1 X 1 1 ')S _ J/ + 
B s m8 x s=1 

+ ..i. [..!.. :A<B<B + ~ ·F./11 1 o'l. ( I1 (smaX))f rrr; 3X 1 x:r. 1 'H2. _ -t-
5111s x 5=1 

"3 -
t_!3 . ...i.. 3::B }_(T-t(smsx9} }ax 

m8 3X2. 1 oS 3 Sm X 8 S=t 
00 

V:z. = Q J X 31_ ~ [ x ~·13·131 + T :Bz.-4, ]- I-t l m,x) + 
0 

L a m8 x 

+ .!~ L 1-il'l.:s .. + : A·.13·.:41 + :t .B2
.B1J .{5 (11 c:m,x) 11 + 

m
8 

sm6 l( //s'"t 

+ -1- [.!i.JZ·'!5·131 +.! j!/{1 J '?J:t ( I 1 (stnaX)J;· + 
;;;; x 3•... 1 ~sl. s msX -; s=t 

+ ~'f ~z 13~ .B1 0: ( It c~msx}_ )I } o{x 
m8 '3X os s m8 x / s:::1 I 

(4.2) 

r.ne Q = 3·21· mp.f3(tJ"J>.e'>.1J.) 

.IJ(x: j)
1 

13 (x;}) orrpe,n~TCff cor~acHo (II.2); 

- t2. 
.:111 (l(~ }) = 2 J t· e- Co.r( tt). J 0 {xt)oli: 

0 z. 
co ( Zj) J- '1 -t ( '>-i; J1 (l(f) dJ.. 
..0-t J(J = -2 t ~ lilt J ) ----x- ~ . (4.3) 

0 

)Lmr~I>Hllli MarHRTHH:it MOM8HT ~-.}3 IIepexo,na MOJKeT 6HT:b BH-

~~eH ~e~ o6pa3oM 181: 
If -f I• 3f2 I=% 

).A. • - .~ (A.,, + f3 A 3' ) 
I v 'I( 1'1 . 12. I (4.4) 

r.ne 

A Jh. = - E5. (' ma ~ J(f''z [ v., ms- v2. ~ (m1J-rna)l 
•h. ttls :J 
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'1: k -i'z.[ ( )] A,~=- :s (1.mern,k..) V..ms+ ~m~ ~-m& . (4.5) 

H3 (4.4) c yqeTOM (4.5) rronyqaeM: 

.u•.., ~ J m1J-[-'/.s(3+~)+ :-Vzmp(-1- ~)] (4.6) 
I 3 ma m, ··rp ' 

r.n;e fl,. BHJlruKeHo B e.n;mnmax R.n;epHoro MarHeToHa 

Be~ ~* y.n;o6Ho rrpe.n;cTaBHTb B BH.n;e: 

.u• c. 2fi' ).I. 
I .., ~/ p, 

e 
)-I-Ii- im,. 

(4.7) 

r.n;e flf ~ 2, t' - MarHHTHH:IJ: MOM8HT ITpOTOHa B .fi.n;epHHX MarH8TOHax, 

3Ha'leHWI 

Ta6Jr. 2. 

C., rrarryqeHHHe C Y'J8TOM (4,6) H (4.7) , ITpHBe.n;eHH B 

Ta6;nru;a 2 . 

lvlarnHTHH:Il: MoMeHT 1J- B rrepexo.n;a 

IMo.n:a pacrra.n;a AHaJIH3 
To'lH. SU(')/9/ 

HeJIOKaJibHM 
<lloTopo~eHWI Mo.n;eJib 
ITHOHOB KBapKOB 

t:.+-.. P+ r 1,25 ± 0,2 I,O 0,82 

1!. 0 ~ n.+r 1,25 ± 0,2 I,O 0,82 

y•+ -Jo L++r -{!,25 ± 0,2) -I,O -0,99 

Y"o- '[.o+( 0,63 ± O,I 0,5 0,5 

Y"
0

~ll+r 1,08 ± 0,17 0,86 0,72 

8··-... s·+r 1,25 ± 0,2 I,O 0,91 

- -

KaK OTM8'l88TC.fl B / 9/, BCJI8.D;CTBH8 Tpy.n;HOCTR R3MepeHWI Ha OITH

Te Herrocpe.n;CTB8HHO nmpmm pacrra.n;a 'J)-. B + r . wm o~eHKR BeJIR-

14 

• 

'llfHH JU* HCITOJib3yroTC.fi .n;aHHHe OTHOCHT8JibHO C8'l8HHH @QT006pa30-

BaHWI 1i - M830HOB Ha HYKIIOHax B o6JraCTH ::meprHJ1 , OTB8'laiO!JtiDC B03-

6y;.:,neiOOO rrepooro Me3oH- HYMOHHoro pe30HaHca A { 12 3 2) • Pe3yJil>

TaT TaKoro aHaJIH3a 191, a TaiDKe rrpe.n;cKa3aHWI To'lHoi-1 SU{6) -cm.~-
MeTpHH/9/ M.fl K03qxp~eHTOB C H3 (4, 7) ITpHBe.n;eHH B Ta6JI. 2 , 

KaK BH.n;HO H3 Ta6.JrnUbl , C TO'lHOCTb!O Hanrn:x Bll'll'ICJI8HHJ1, OroBopeHHOM 

BHII.Ie , Mo.n;eJib oiTHclffiaeT paccMoTpeHHHe rrpo~eccbl . 

J3 38KJI10'l8HHe aBTOpbl BHpali\aJOT 6Jraro.n;apHOCTl> C. E. repaCI!MOBY • 

A.E. foBopKoBy, E. IT . ~KoBy , M.A . HBaHoBy H O.B. TapacoBy 3a 

rrarre3HHe o6c~eHH.R:. 

ITpHJio~eHHe 

PaccMoTpHM BHpaJKeHHe wm rrporraraTopa KBapKoBoro rrarr.R: B 

Koop.n;HHaTHOM rrpe.n;cTaBJieHHH. IToCJie rrepexo.n;a K 6e3pa3MepHHM rrepeMeH-

Hb!M 
v; = 2 Xe 

E L 

r,JIJI ¢YHIQU1:11 A(-xE) H 8(-x;), orrpe.n;eJI.R:eMb!X, cor;racHo (2.IO).B 

8BKIIH.n;OBOJ1 M8TpMK81 ITarrYlJaeM: 

A (-Xe?.) = Jr:/.-s iJ (fJEa., J) 

{xf. B (-xE
1

) = JT:L) J3 ( lfe7., r ), 
r.n;e 

f/(t!el.,l)= 3T~2t, (~it~ (!os('> fP.1) -Pez.-i(Pelfe) 
(-ur)'f J e .s V "e e. 

(11. I) 

u.l - L1.. v 2 + J :B( E1 ~)- (
2
rr)'f of Pe 

i{Pe"EL Yi~o.OMJ -P,t-i(Pel.l£) 
fi;F . . r="1" e. 

E V pE.- . 

iloCJie HHTerpHpOBaHWI B cilJepH'leCKIDC KOop.mrnaTax HMeeM: 

:fl(tr:JJ= 4Sea.~0i)e.-e :J1(t.Jiii'} ol-t: 
0 fir' 
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13Ctr:~)=4Jt~fJ·n.OtJit:~. Jdtltrij Cllt-. 
0 lfii' 

(II. 2) 

l(anee , C nOMOUU>IO M8TO,l.J;lUGI , OIDl:CaHHOH B /IO/, nOJIY'Ia8M CJI8,cy10!1188 

npe~cTaBneHHe: ~ 

J/.c"~'!J=4e '1 tU-tJt-illtr+ 
_.![[ ... ~ ... 2. 2. 

+f. P~c:CJJ t iiel~t1J· I (fZt/}l..t;J ~tJ 
IC•O 0 2k Z 

$(~ ... }) = ~(ir. e-ft"~" ( s- r + }'t1.1)'7.) + 

+ E Q\J) fifO~t~ I2K Cf/f!t~~+}. (II,3) 

3~ec:o I~ ( i) - Mo,m.riflm.mpoBa.HHHe cliYHronm EecceJIJI , 

p0
(J.) = So • 3Sf11'1+ ~0 Sa r.TY 

y 
p1(J) =-(So+ 4 S1 tr,_+ -ISS~ r.T) 

P2 (J)= 51 tr'l.+ 6 s~trv 

P"l(J)= - S2 trv 

Q0 
(11j = q 20 to+ -litO t 1 tr

1 + 3S t2 lTv 

G1 (IT~= - ( 5"60 to+ 210 t1 tr1+ S6 t2 try} 

Q~(l1': 140f.o + 84 i11Tz.+ 28 tz ITY 

Q~(J) = - (-t'l t1 11"1+ 8 t 2 1TY) 

Qy (11j:: t?. try 

So= .l.(.l'l.-3) .,, 2 

$1 = ..L ( 3- }:z.} • 
3·2i' I 

~3 
Sz = --

3·S"· 211 

16 

~. .... 12-12}~]'1 
2'o. i-. -tS 

t1= :r~ 6-}' 
211 ·1·1.5' 

_tY 
-t 2. :: 

213• i-·15' • 

IIpH6JriDK8HH08 BlroiCJieHHe qiyHKUiffi :/i(v·;''j) H 13(~'1'!) C 3~a.HHOil 

TO'll!OCT:b!O no <J:JOpMyJiaM (II . 3) He rrpe~CTaBJIReT Tpy~a, TaR KaK Wifi 

3TOro HYJKHO BbltiHCJIHT:O HHTerpan no ROH8'll!OMY OTp83l\V OT ITJiaBHO 

rAeHHlOllleti:CH cliYHKUIDI. B HacTMmeti: pa6oTe :ll{tr/'JJ H :B (tr} }') Bwrnc

JIIIJIHc:o Ha 3BM CDC-6500 C nOMOUU>IO ! CTa.H~apTHOH no~O~aMMbl HH

T8I'pHPOBa.HIDI no rayccy C OTHOCHTeJI:OHOH norpeliiHOCT:OIO I% . 0CTaJI:Olllie 

HHTerpanu cxo.mroro THITa, Heo6xo,nHMble wm pactieTa IIIHPHH pacn~oB 

H Mai'HHTHblX MOM8HTOB , BlroiCJI.fiiOTCH aHaJIOI'I1'!HllM o6pa30M. EJiaro~apH 

rrpe~cTaBneHHIO JJ(v-: )") , J3 Cv7'r) Jl! T . ~ . B cpopMe (II. 3) CTa.HOBHTCH 

B03MOJKHllM OI.J;8HHT:O HX ITO MO~JIIO C aCHMITTOTHKOJ1, II03BOJI.fiiOII18H orrpe

~e~Tb BepXHMH npe~e~ HHT8I'pHPOBa.Hnff :11:3 YCJIOBIDI MaJIOCTH OT6pacH

Ba8MOI'O OCTaTKa B HHTerpanax (2.15), (3.4),(4.2) rrpH 'iHCJI8HHOM HX 

HaxOJK,I(8HHH . 

CJre~eT OTM8THT:O, 'iTO C IIOMO!I1:010 HCIIM:03Y8MOJ1 M8TO,nHKH H8KO

TOpHe HHTerpanH 6epyTCH "To'll!o", T .e. BblpaJKa.IOTCH qepes WYHK-

UHH EecceJI.fi. TaR, HarrpiDI!ep, wm cliYHronm 231 (r?,}), orrpe~eJI.fieMoti: 

cor~acHo (4 .3), IIMJ'iaeTC.fi Bblp~eHne: 

- ta C1 
131(at}1j) = -2 J ·~/e- $i~~,(1t) "J1 (tvtr,.} oft = 

0 {iii' 

= ~ rr _.t' 
2. VT e ~. 

f 3 
e- { ( t} + ;:)·Io(1fif)- (~r+ ~ )·12 (¥f)+ 

+ /:I, ( !fJ'J}. 
JlM:TepaTypa 

I. Particle Data Group, Phys. Lett., I978, v. 75B. 
2. Samios N.P., Goldberg M., Meadows B.T. Rev. Mod. Phys. 

I974,v.46,p.49. 
Jo Dubniokova A.z., Efimov G.V. JINR, E2-IOJ7I, Dubna, I977. 
4. Dubniokova A.z., Efimov G.v. Ivanov M.A., Fort der Phys., 

I979, v. 27, N 9. 
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13(tr:~)=4Jt~fJ·n.(It)it3. Jdtltrij dt-. 
0 lfiS' 

(II.2) 

J.(anee, C ITOMOUU>IO M8TO,l.J;lUG!, OID!CaHHOti: B /IO/, ITOJIY'iaeM CJI8,cyiOlllee 

ITpe~cTaBneHHe: ~~ 

J/.( 11~ '!) = 4 e -if [ tC 1- f; -t- .,~; tr:z.+ 

~ lc: • t J. (l~ t1) ~ } + L: P CIIJ i '~ - . I (~t/ll..t;) ~t 
IC•O 0 2k Z 

CTl "2. _g;..... ... ~~ ... ,_ 
..o(~ '!) = ~{lr. e "1 ..1. ( s- -

2 
+ ...L trz.) + 

L "" zq 

+ E Q\J) fifO"'-t~ I2K Clb=t~fJI+}. (II.3) 

3~ec:o I~ ( 2} - Mo,m.rilJ:mmpoBa.HHHe cliYHronm Ee cceJIJI, 

p0 (J.J:: So • 3Sf11'1+ ~0 S2ITY ., 
p1(J) =-(So+ 4 S1 tr,_+ -ISS:~. IT) 

P1(J): 51 tr'l.+ 6 S:~.ITY 

P"l(J)= - S2 trv 

Q
0 

(11j = 't 20 to+ -litO t 1 1T1 + 3S t 1 trv 

G1 (IT~= - ( S"60 to+ 210 t1 tr1+ S6 t2 try} 

Q
1

( 11':: 140io + 84 i11Tz.+ 28 tz ITY 

Q~(rl): -(1'1t1tr1.+ 8t
2

trY) 

Qy (11j:: t?. try 

s.: .l.(.l'l.-3) 1' 2 

$1 = l ( 3- }:z.) • 
3·zi' 1 

Sz: ~ 
3·S"· 211 

16 

~. .... 12-12j~jy 
2'o. i-. -tS 

t1= :r~ 6-}2. 
2"·1·1.5' ) 

_tY 

2°· "1·15" 
-t z. :: 

• 

IIpH6JriDKeHHOe BlroiCJI8HHe qiyHKUIDi :/i(v·;'"j) H 'J3(~'1i) C 3~a.HHOH 

TO'll!OCT:b!O ITO <J:JOp MyJiaM (II. 3) He rrpe~CTaBJIReT Tpy~a, TaR RaR ,W!li 

3TOro HYJKHO BbltrnCJIHT:O HHTerpan ITO ROH8'll!OMY OTp83K,Y OT ILJiaBHO 

r.mH!IlOlii8HCH cliYHKUIDI. B HaCTOH!I18H pa6oTe :/l(tr/'J) H :8 (rr} ~) BlroiC

Jiff.JIHC:O Ha 3BM CDC-6500 C ITOMOUU>IO ! CTa.H~apTHOH ITO~O~aMMbl HH

T8I'pHPOBa.HIDI no rayccy C OTHOCHTeJI:OHOH norp eliiHOCT:OIO I%. 0CTaJI:OHHe 

HHTerpan!:l cxowroro THIIa, Heo6xo.n;HMble .wm pac'ieTa lllliPHH paciT~oB 

H Mai'HHTH!:lX MOMeHTOB, BlroiCJI.fiiOTCH aHaJIOI'I1'1HblM o6pa30M, l::iJraro~apH 

rrpe~cTaBneHHIO :/J(v-; )") , 'J3 (v7'f) H T .~. B <flopMe (II. 3) CTa.HOBHTCH 

B03MOJKH!:lM OI.J;8HHT:O HX no MO~JIIO C aCHMIITOTHKOH, n03BOJI.fi101118H orrpe

~eJIHTb BepXHHH qpe~eJI HHT8I'pHPOBa.HHR 1'13 YCJIOBH.fl MBJIOCTH OT6pacbl

BaeMOI'O OCTaTKa B HHTerpanax (2.15), (3.4),(4.2) I!pH 'iHCJieHHOM HX 

HaxoJK.I(emm • 

CJre~eT OTM8THT:O, 'iTO C nOMO!I1:010 HCnOJI:03Y8MOH M8TO,nHKH H8KO

TOpble HHTerpanbl 6epyTCH "To'll!o", T .e. BblpaJKaiOTCH qepes IPYHK-

UHH EecceJIJI.TaK, HarrpHMep, .wm qiyHronm :81 ('1}), onpe~eJIJieMoi1: 

corJiacHo (4.3), ITOJIY'iaeTC.fi Bblp~eHHe: 

- ta ~ 131("}1j)=-zJ·~/e- $i~~,(1t) j1(tvtr''} olt = 
0 {,ii' 

.......... 11:' l:&{ ,_3 rl 
= {:/'[ e-~. e-~ ('t}+;2 )·Io(-!fif)-(~~+2lf)·Iz(¥J)+ 

+ ~I,(¥ifJ} 
S6 · 

JlM:TepaTypa 

I. Particle Data Group, Phys. Lett., I978, v. 75B. 
2. Samios N.P., Goldberg M., Meadows B.T. Rev. Mod. Phys. 

I974,v.46,p.49. 
J. Dubniokova A.z., Efimov G.V. JINR, E2-IOJ7I, Dubna, I977. 
4. Dubniokova A.z., Efimov G.v. Ivanov M.A., Fort der Phys., 

I979, v. 27, N 9. 
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)Ty6Ha , 1979. 

6. Salam A., Nuevo Cirn., !962, v. 25, P• 224; 
Hayashi K. et al.Fort. der Phys., !967, v. I5, N Io, P• 625. 

7. Strubbe H., Cornp. Phys. Cornrn., !974, a, p.I. 
s. Naqels M.M. et al • Nucl. Phys., !976, BI09. 
9 . illm:esep A.M., PeKa.Jio M.II. 3JieKTpo;nmaMHKa a,n;poHoB. 
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