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til. Bse.aeHHe 

/1 2/ 
06o6weHHe MeTo.aa Eoromo6osa H TH6nHKOBa ' .amJ clJeppoMarHeTHKa co cnHHOM_, B&Ic-

/3/ /4,5/ 
lllHM qeM 112

1 
.aaHo TaxHp-K xenH H T ep-XapoM H aaTopoM • 

Tenep& paccMoTpHM aHTHclJeppoMarHeTHK, pellleTKa KOToporo .aenHTCH Ha .aae no.ape

lll9TKB, TSKHe, 'ITO 6nHm&i!.lllHe COCe.QB STOMOB O.QHOi!. no.apellleTKH npHH&.QnemaT TOnbKO ,apy-

roA. 

npH noMOUlB MeTo.aa, pa3BHTOrO B/S/, o6o6UlHM peayn&TSTbl pa60T ny ¢ly-qo/B,
7

/ H 

/8/ ... ... ... 
Halllei!. , npH BHelllHeM MarHHTHOM none h , nepneH.aHKynBpHOM M1 - M2 B nepsoM .. ... .. ~ 

cnyqae H napannen&HOM M
1

- M
2 

- so sTopoM. 3.aec& M1 H M2 
0603H8'18~T BQJtTOpbl 

cpe.aHerO M&rHHTHOrO MOMeHTS o·6oHX no.apelll8TOK, 0TM8THM, "'TO napannen&HO OpHeHTHpO

B8HHbl8 CnHHbl HeycTOi!.'IHBbl. 0.aHaKO nonyqeHHY~ npB paCCMOTpeHHH TSJtOft CBCTeMbl napan-... 
nenbHY~ socnpBBM'IHBOCT& npB I hI ... 0 MomHo oTom.aecTBBT& c napannen&HOA socnpH-

... /9/ 
HM'IHBOCTb~ npB I hI ... 0 H HC'Ie3a~weA aHH30TponBH /eM. pa6oTy 3HM&Ha /, 

Bse.aeM onepaTOpbi a s + S , C ycnOBHBMH KOMMyT&UHH: 

+ 
[S, S ] = - 2 a ; [ S, a ] • S ; [S 

+ 
,a]=-S 

11.11 

/10/ 
Bocnon&ayeMCSI 'I&CTHbiMH cny'I&HMH .aaHHoro TB6nHKOB&IM B&IpameHHH KOMnoHeHT MoMeH-

Ta ltOJ1H'I8CTB8 .QBH)K8HBB B onepaTopax /1.1/, npH npo.aon&HOM BHelllH8M none 9TO Bblpame-

HHe .HMeeT BB.Q: 

X 
s. 

1 

a npB nepneH.QHKynHpHOM -

s; at · + 
a

1 
siny+(-1) ~(S1 -S1 )cosy; 

• . + al ... s
1 

= T (S 1 -51 )siny- (-1) u, cosy; h II Oy, 

/1.2/ 

11.3/ 

r.ae a I = 1,2 ,anSI j, npHHS.::XJ1e)K&Jllero nepBOi!. H BTOpOI!. no.apelll8Tit8 COOTBeTCTBQHHO. 06-

MeHHbli!. raMBn&TOHHSH nocne npeo6pa30BSHHA /1,2/ H /1.3/ npHMeT BH.Q: 

at ~ 
H II= I-

1 
h (-1) a1 + J ..,(/It) 

+ + 
1-a a + ~ ( S S + S 

1 
s, ) I ; 

I 1t J 1t 

11.41 

11.51 

3 



r.ae cyMMHpoaaHHe no j 

ce.aeA. 

npo6eraeT BCIO peweTKy, a no (jk) - ace napbi 6nH:lKaAwHx co-

J..13 BH.Qa H cne.ayeT, 'ITO Cpe.aHHe no KSHOHH'IeCKOMy 8HCaM6mo OT npOH 3Be.QeHHfl: 

" + 
s ::, 

+ + 5- , , , 5';, 6y.OyT TOnbKO TOr.Qa HeHyneBbiMH 1 KOr.aa 
m3 N . 

:!: (-1/ rn 1 ! (- 1) arn2 .±. • • • :!:. (- 1 f m N = 0 1 

11.61 

± + 
r.ae S o6oaHaqaeT S HnB 

141 
s • LlOKa3aTen&CTBO STOrO aHanorH'IHO .OOKa3aTen&CTBy 

B • 

J..13 11.61 nonyq:aeTCH 1 'ITO Mbl HMeeM TOn&KO 2f nHHeii:HO He3aBBCHMbiX O.QHO'ISCTH'I-

HbiX MOMeRTOBI r.ae f -MaKCHMan&HbiA CnHH aTOMS, 

Llnsr H l. yTBep:lK.QeHHH THna 1{,61 Hen&3H .QOKaaaTb 3a HCKniO'IeHHeM cny'laH U = 0 

HnH 1. JlnH HCKniO'IeHBH nap aM eTpa U H3 H 1. non&ayeMCH ycnOBHeM MHHHManbHOCTH Tep-

MO.QHHaMJII'IeCKOrO noTeHUHana, KOTopoe BMecTe C ycnOBHeM npOCTpaHCTBeRHOil: O.QHOpO.QHOCTH 

.a acT: 

+ 
h <u1 > = ]zu l2 <u u >- <S s+ > + <5 1 51+ >I 1 I 1+11 I IT/ T/ 11.11 

+ 
< si > = < si > 1 

r.ae < ... > oesoaHa'laeT ycpe.aHeHHe no KaHOHH'IecKoMy aHcaM6ni0 1 z -qHcno 6nH:lKail:wHx 

coce.aeft 1 
, -aeKTOp 1 paa.aenHIOwHi!: 6nH:lKaAwHx coce.aeA. nocKon&xy H l. nonyqaeTcH 

H3 o6MeHHoro raMHn&TOHHaHa nyTeM YHHTapHoro npeo6paaoaaHHH, TO 11.7 I .aon:lKHO 6biTb TO:lK

.aecTBOM, ecnH B 11.71 HeT KBaaHcpe.aHHX. Tax KaK a.aec& nplfcyTCTByiOT KBaaHcpe.aHHe 

lcM~I.ll 1 I 1 TO 11 ~7/ MO:lKeT H He 6b1Tb TO:lK.aecTBOM, 

0 2. TepMO.OHHaMH'IeCKHe ¢YHKUHH 

rpHHa 

3anaa.ab1BaiOwHe H onepe:lKaiOwHe ¢YHKUHH rpHHa onpe.aenHMJ cornacHo Boron106oay H 
II I 

Tsr6nHxoay : 

« A ( t) I B » ret = ± 8 (± t) < [A ( t) 1 B ] > 1 

adv 

12.11 

r.ae [ ... I ... ] o6oaHa'laeT KOMMyTaTop, 8 (t) -q,yHKUHIO XeBHcaA.aa, A(t), B = B (0) 

onepaTOpbl B npe.acTaBneHHH reA3eH6epra, jlnH nonyqeHHH ypaBHeHHil: .QnH He3aBHCHMbiX O.QH0-

14~1 
'ISCTH'IHbiX MOMeHTOB BBe.QeM_, COrnaCHO 

1 
tPYHKUHH: 

+ + + Q. (t;m-k) = «P (tJISL » 1 q (t;m-k) = «P (t)jS », 
• ,..,.. A r rm 1r 

12.21 

r.ae P = S u' + u r S rm m m 
151 

m rn 

Mo:lKHO .aoKa3aT& 1 'ITO: 

+ 
[P,m, Sm] = T,"' 

r+t 0 [ r r 
-2urn +f(l-+1)(urn+1)-(urn-1) ]+ 

12.31 

4 
i 

_... 

I. 
I 

i .~ ...... · 



.( 

[ '+t r+t ] [ ] +u (u -1} -(u +1} ; P • ., ,u., .... p 
• m • rm 

12.31 

+ , , , ] 
= $ ,., = [S 

111
, P,., ]+ = t(t + 1 J[(u., + 1) +(u., -1) + 2u

81 

r+ t r+ I 
+ (u.,-1) + 2u., ], 

12.4 

Jl2/· r.ae t MaKCHM8DbHOe C06CTB9HHOe 3Ha'I9HHe U
81 

.AHanorH'IHO TOMy, Jtalt aTO C.aenaHO B. ,Ha-

nHweM ypaBReHIIH .ans q,yp&e-o6pa30B !PYRKIIHI 12.2 I, cpa3y B 

>KeRBII, cocTOSIWeM B oTo>K.aecTBneHBH « A (t)B
11 

(t) IS+>> 
cynepn03BilHORROM npB6nll

+ 
c < Bt > « A ( t) I s, >> 

m L lc 

ecu <A >= 0 H t =I m • 3.aec& A., B2 OttepaTOphl, .aeiCTBYIOWRe 

Ha CBHHhl B y3nax m H f 

npH paCCMOTpeHHII CBCT9Mbl C raMBnbTOHH8HOM H l. BpH.a DR MO>KHO BOn&30BaTbCH cy

nepn03HilHOHHhiM npa6nJI>K eaBeM, TaK KaK 3aae.a oMo aen&3SI aaiTR Knacc. onepaTopos, cpe.aaae 

BeDH'IHHhl KOTOpbiX paBRhl RYniO, H3-3a BpHCYTCTBHSI B HJ. 'lneaa DBHeiHOrO B S - S + • 
+ 

HMeHHO no npBBO.llBT K !PYHKUHSIM BB.aa « T (t) IS » B ypasaeaasrx .anSI ·Q, · B qr 
161 ,., " 

noaToMy, cne.aysr ny ~y-'10 • 6y.aeM B .aam.aelweM ynoTpe6nSITb H.J. 6e3 ynOMSIHyToro 

'lneaa • 

.On• raMan&TOHRaaa H
11 

B npBHBTOM npR6nB>KeRRH BMeeM: 

a i J [E -(-1) h + ]z u ]Q (m-k) .. _ T 8(m-k) +- T l: rr q (m +rr -k ), 
3-rz ' 2 11 • ra 4 'a o 

12.51 
a 

[E + (-1) h ]zu ]q (m-k)=]u l:rrQ (m+rr-k), 3-a o a o . 

r.ae a= a.,, Ua"" <u.,> T.a= <T • .,> 

a CyMMBpOBaHHe npo6eraeT BeKTOpbi Me>K.ay 6nB>KaiWRMH COCe.asrMR '1 • .Onsr pew eaasr 

12.5 I npose.aeM npeo6pa3osaaBe: 

Q, (a, y;p, E)= l:., exp (-ipm)(;, (m), 

r.ae CYMMHpyeM BO BCeM BeKTOpaM, pa3.aenSIIOWHM a-

12.51 nony'l:aeTcsr: 

H 'Y - no.apeweTKII. H3 

[E + (-l)ah -Jzu ] q (a,y;p,E)"' ]zuaA(p)Q
0
(3-a,y;p, E), 

J-a o 

r.ae A (p) = z-1 l:rr exp (iprr). 

0TciO.aa: 

Q, (a,y;p,E) .. = iT,a Bay 
41111 

5 
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....._____ __ _ 

rLie 

qo (a' y' P' E) • 2iala:JA(p) 8,-u, y ( 1 
rrll E- E-

J-1'.1 

1 

E - E'f~ 
J-u 

c Jz a 
Ea =-

2
-1(-1) [2x _,a, +a

2
]±fl I, 

+. 
x- - a +a· .t fl , 

I :1 

2 2 ~ 
fl • I ( u -a ) + 4 a u ~ [ 1 - A ( p) ]I , x •· hI J z • 

I 2 I • 

/2.6/ 

4>yp&e.:o6paa~ OT <PYBKUKH « P + I S " » • «P o. IS">> 6y LlYT paBBW 
. rm 

Q r (a, y; p, _,E) H q (a, y; p 1 -E) COOTaeTCTB8BIIO, B~'IRCn5UI cneETpan&s~e nnoT-

0 /1/ 
HOCTH OT /2,6/ LI.IDI + E • B~'IRcnstst cpeLisee /eM. I, nony'IRM: 

lf>ra 
:1 + E- - E+ 

a < 4> > .. % T _v_ f .!i..::.L I X cth _a_ - X cth a I a - T V 
rm ra ( 2 fT)' fl 2 O ""29 ra a 

/2.7/ 

+ + 
< s.s.+" > .. <s. s .. +"> .. v ai "a 

(2JT)' 
r a 'P 

2 - + 
A (p) (cth E,-a- ctlt E I-• I, /2,8/ 

fl 26 2 6 

rLie a • a., , V - nnOTBOCTb 8TOMOB B peweTJt8 1 a ., r• Ollp8Ll8neB a /2,4/, ner-

ItO yBIIL18Tb, 'ITO /2,7/ B006we Be 38BRCHT OT HBL181tC8 UOLlp8W8TitH, a , UOCJtOnwty 

- + E =- E a 1-a 

Ypaa&eBHSI /2.7 I •n• r • 0, ••• 2t -1 onpeLienstiOT seaaBRCIIM&Ie OLlHO'laCTK'III&Ie Mo-

MeiiT&I 8BTR.p8ppOM&rHeTU8 CO CIIBBOM f , ./V\o>KHO Ll01t838Tb, 'ITO /2,7/ LliUI r )> 2 t 
6yLiyT nRBeiHidMB JtOM6HB81IIIHMII ypaBB8HBI Llnlil r < 2 f - 1 , 

npa r&MIInbTOBII&Be S
+ . 

RL. !Sea •mesa nRHelaoro B -S cpeLI&Re < Tr .. > 

aoo6me Be 38BIICSIT OT HRL18ltC8 U0Llp8W8TKR, B STOM cny'lae IIMeeM: 

~~> .. - r v r a' p 
r r( 2 JT)' · 

xu+ u(1-2u
2
)+uu 2 A(p) cth __!_ =-Tr V 

W T 

2 + + 
< S I S I+7J > .. < S I SI+7J > u 2 ( 1 - u 2 ) _v_ f d 1 

p ~ cth ...!. 
(2rr) 3 W r 

-1' av 
< s, s/+7J > = (2rr) '~ 

(a' p [xu+ u(1-2u2
) + au 2 A (p)] A (p) 

w 
cth W ,--· 

~ 
W • Hxa + u(1-2a 2 )+ qu 2 A(p)]2-u 2 (1-u 2 ) 2 A 2 (p)l , r .. 20/]z. 

• < 4> > rm 

/2,9/ 

/2.10/ 

napaMeTp u onpeLienseTCSI ypaliHeBII8M /1.7 I. B cyaepa0311UBORHOM npa6nR>KeHRB B 

&eM cneLiyeT aMecTo <a a > nono>K IITb u
2 H UOLlCT8BHTb /2.10/, nerJtO 38M8THTb, 'ITO 

I J+7] 
h ... 0 ypaBH8RHSI /2,7/ H /2_.9/-/2,7/ COBfi8Ll810T. npR h "'0 H3 ypaBH8HRft /2,7/-

/4/ 
np• 

/2.9/ LinK r = 9 MO>KHO noLIC'IHT8Tb, non~:>aysrcb apHeMoM pa6oT~ , TeMnepaTypy K IOpH 

LinK BC Bit OrO f , nony'laB 

6 

- _,..·~ 

#, 

l 
1 

( 
) 



l 
.I -

r • c 

2n+J 

npB BWBOll8 IIOCil8llB8A q,opMYill>l BCII01lb30!18HO TO 06CTOHT81lbCT!I0 1 'ITO BHTerpall A ( P) 

BC'I8388T, 'ITO C!IR38RO C &03MO:IKHOCTblO p83ll81l8BBII peweTJtB R8 .aae no.apeweT:s:B. 

I S. Ypa&lt8BBII .ansr aesaaacBMbiX MOMeHTOB 

3aDBW8M yp8BB8BBII /2.7/-/2.9/ Llllll MOM8BTO!I <a:. > • B STBX ypaBH8RBIIX npB 

r •· 2t + J 6yll8T BWCTYD8Tb 'lll8H <a~+ J > nocJtOilbltY a: IIpB r > 2f SlBnSleTCSl IIHR81-

1IpB r 5 21 , Mbl MO:IKeM B&Ip83BTb STOT MOM8HT qepea .apyrae IIpB 

06os&a'lall: 

HOI ltOM6BB8UB81 a' • 
·BCIIItOM ltORJtp8THOM f 

Q • < a! > ; X • < a ~ > , Y • < a! > 1- Z • < a~ > 

sanaweM ypaaaesas .an• aeaaucaMWX MOMeHToB a BBlle: 

2Vu• J, t - 'h 

f t1 • 2 - Q o f ( 3 Q - 2 ) • (J" I t • J • 

4Va • J5 -4Q, 3V(5-4Q)• BX -26a, 

4V(J3u -·BX)• 4Q -39, f • 3/2. 

Va • 6- Q , 3 V ( 2 -·Q) • 2 X - JJ u, 

V(Jla-4X)• 2!'- 9Q-6, V(J.f.Q-5Y +6)• 4X-25a, f • 2. 

4Va .. 35-4Q, V(35-l2Q)= 8X-66a, 

2 V ( 33a- 8 X)=- 8 Y -58 Q- 35, 
~' (89Q- ~y + 35) • BZ- 46X- lOla, 

J6V(SOX - 12Z + 68a) 
320Y + 2556Q- 55, t a5/2. 

v 

/S.l/ 

/3.2/ 

/3.3/ 

/3.4/ 

/3.5/ 

3.aecb aMecTo V 
soe II /2.9/. B nepBOM CIIY'188 ace MOM8HTI>I 6yrtyT 38BRC8Tb OT BOM8p8 no.apeweTKl'l. B 

BBL18 /3 .1/-/S ~ Y MO:IKHO T8Jt:IK8 381IRCftTb ypaBH8HB51 LlllSl q,eppOMarHeTJlltOB, DOllCT8BlUUI 

BM&CTO V HRT8rpall: 
_v __ I i'pcth X+ u[l-A(p )1 

~")» r 

nepsoe ypaBHeHBe(r=O) /2.7/ R /2.9/ MO)KHO 381IRC8Tb B BHLle: Va=f(ft-1}-Q 

nocB:OilbKY Q = < a,; > ~ a.:Z ) OTC10Ll8 MO)KHO !IWB8CTR aepaB8RCTBO: 

7 

/8.6/ 

/3.7/ 



3Ta oueHxa HeTpiiBRan&Ha npa V z 1 1 'ITO COOTB9TCTByeT .lleilcTBIITen&HOCTII. 13.71 MO>KeT 

6b!T& rrone3HO .ll.IISI oueHKH saMarHII'IaHHOCTH IIO.Ilpewe-rox npa x = r = 0 1 Tax xax rrpH 

1121 
9THX YCJI..OBHSIX RHTerpan Bhi'IHC.II9H Tlii6.1IHKOBhiM H SBTOpOM .ll.IISJ IIpOCTOA H o6'&eMHOUeH-

Tpl!pOB8HHOI- Ky6K'IecxoA peweTKH 1 COOTB9TCTB9HH0 1 H paseH 1 1 156 II 1 ,119. 

Jler.KO MO>KHO YBR.IleT&I 'ITO ypaBH9HRSI 13.11-18.51 .llOIIYCKSIOT peiUeHHlil CO BCeMH COC-

TOSIHHHM a, pasaosepoliiTHbiMH npa h = 0 ·R r 
1 

paBHOM 12.11 I. M O>K ao npoBepHT&1 '!:TO npa 

, ... , 
" 

OTHOWeHHSJ MOMeHTOB He'leTHOro IIOplil.llKS II OTHOWeHRlil A (r) - A ( r., ) 

ltBa.llpS'ty. MOM9HTOB H9'1eTHOrO IIOpSI./lKS, l'.lle A ( r) eCT& IIpOH3BO.II&Hbll MOMeHT 'leTHOl'O 

J[ 

IIOpH.IlK8 1 CTpeMHTClil X OT.IIH'IBbiM OT By.IIH Be.IIR'IRH8M. 3TH ape.lle.llbl MO>KHO nerxo Bbi'IIIC.IIHT& 

113 18.1 1-18~1 • Do-BH.IlRMOMy, yiiOMBByToe CBOACTBO JIMeeT MeCTO H npR f > 5/2. 

.Ypasae&Rlil 12.71-12.91 apR V = 1 RMeiOT e.llHHCTBessoe pewesae, OTBe'laiOwee aonso

My- BSCb!WeBRIO CIIRHOB B IIO.IlpeWeTit8Xo Ho B C.II86b!X II011SIX B SHTR<i:>eppOMSrHeTRKe V > 1 

R COCTOSIHHe IIOnH?l'O BSCb!WeHHSI CIIHHOB He.llOCTH>KHMO. Dp11 HCK.IIIO'IeRHII Bb!CWIIX MOMeHTOB 

aonyqaeTca: 

q = 

q = 

q = 

1 

2Y 
t-¥.J. 

:z -1 
4Y[3Y + 1] I f=1. 

CT= [5V
2

+ 1][2V 3 + 2V]"1
1 t = S/!. 

s 4 :z -1 
[ 20 v + 12 V][ 5 v + 10 v + 1] I f .. 2 • 

u =[35V
4 + 42Y2 +3][6Y1 + 20V 3+ 6Vr1 ~ t-5/2. 

18.11 

18.21 

13.31 

13.41 

13.51 

3TH ypasse&HSI apR v, 38./lSHHOM 'lepe3 13.61J pasaocRn&Hhl ypasseHRBM Taxap-Kxena 11 

Tep-Xapa
181. DpH IIOMOWH 13.1 11-13.5 1 I MO>KHO Bbi'IHC.IIHT& CT apR )( = r= o, IIO.IlCTaBnSJH 

BMeCTO V 1 1 }56 H } 1119 ./l.IISI IIpOCTOA R 06'&eMHOUeHTpHpOB8HHOA xy611'1:eCKOI peweTJtR coar-

BeTCTBeHHO. 

II 4. Pewesae ypaaseaHA 1 3SK.IIIO'IHTen&able 

38Me'I8HHSI 

.Y paBHeHRSI 13.1 '1-13 .5' I 6y,.llyT peweHhl B HC'Ie3&10WeM M8l'HIITHOM a one apR HH3KHX II 

OKO.IIOitpRTR'I9CKIIX T9MaepaTypax. llnH f"' % ypaBHeRHSI 12.91 paCCMOTpeHbl IIO.Ilp06HO .ll11SI 
. 171 

IIpOCTOA xy6H'IecxoA peweTKR B pa6oTe ny ~y-'10 • DpH 9TOM KPRTJI'Iecxoe MarBHTHOe no-

ne orrpe.llenHeTCH ycnoBReM u = 1 1 'ITO cne.llyeT 113 11.81. Do C006pa>KeBRSIM 1 Bhl.llBHHYTbiM 

BO BBe.lleHHH 1 HM9ElT CMbiC.II paCCMSTpHBaT& ypaBHeHHSI 12.7 I TO.II&KO B 1Ip116.1IR>KeHJIHJ .IIHReiiHOM 

.HQ )( • C 9T.OA TO'IHOCTi.IO: 

Va. = _v_ J fr cth !!A.£1 
(2rr)~ t(p) r 

14.11 
+ (- 1)a ( 1-r/>))( V f d :tp sh·:Zqt(p) = y + (·1l[1-rp)xR

1 
r(2rr)j . r 

r;ae t(p)=[1-A2 (p)]~ H rp a 
OIIpellenHeTCSI H3 COOTHOWeHHSI Cia = q - (- l) rp )( 

8 

.. _.;· 

~ 

"' -. 

.. 
J, 
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OTKYLl8 
ecTb napannenbAaR BocnpHHM'IHBOCTb LlliSl npo6aoro nong B ellHHHUax I z 

J1cn01Ib3YSl /3.1/-/8.5/, MO}K9M B:b!p83HTb cP 'lepea V H R 
B6nH3H TO'IKH K IOpH peweHHe HMeeT BHLl: 

t = ( 1 - r / rc ) • 

liacnO a
0 

Ll89TCH LlliSI f OT 1/2 LlO 5/2: 
14.21 

*(3/a)%; 4[3(1+a)J"""; S~ 1S (12+ Sa)"%} 4y1S(21 +Sa)-%; 

rlle 33{f5"(32 +Sa)-% 
v 3 -t 

a =(2tr)
3 

Jd p[1-A(p)] = 1,S164 1,3932 

LlliSl IIpOCTOii: H o6'b9MHOU9HTpRpOB8HHOii: Ky6H'I9CKOA peweTKH COOTB9TCTB9HHO. 

a
0 

LlliH ¢eppOMarHeTHKOB HM99T TO}Ke BHLl /4.2/. 0TpHU8T91IbBbl9 KOs¢¢a-

UH9BTbl 
M bi He 6y Ll9M npHBOLlRTb H3-38 rpOM03LlKOCTH. liacneHBbl9 3H8'19HH51 

a 
0 

B -a
1 

npHBelleRbl B Ta6naue 1. 3LleCb *e npRBOLlRTCR xos¢¢RuHeHTbl - a1 LlliR 

¢eppOMarHeTHKOB • .Llnsr ¢eppoMarHeTBK8 rpaHeUeHTpBpOBSHHOI xy6B'I9CKOI!: CTpyxTypbl MO}K-

HO aanHcaTb B BHLle /4.2 I npB a = 1 ,3446. 

\13 /3.1'/ H /S.Jj'/ cnellyeT, 'ITO napannenbHaSl BOCnpHBM'IHBOCTb CTpeMRTC51 B TO'IK9 

K IOpR K HeHyneBoMy npelleny KaK a + {3 t 

naraeM !lOLlBHTerpallbHYIO ¢yRKUHIO B V 

oaeaxa _v_ f d 11 p ( 1( p)exp(-al(p)) LlaeT 

• .LlnR peweHHSl B HB3KBX TeMnepaTypax paa

B pRLl no exp (-cH(p)/r). AcHMnTOTB'IecxaR 

(211) II . 

2 
11 

4 ( 1 + 6 + 116 ) + 0 (a ·8 ) 

7? 7 --ar 

/4.3/ 

Llll51 npOCTOii: B 06'beMHOU9HTpHpOB8HROii: Ky6R'I9CKOA peweTKB COOTB9TCTB9HHO. 0TCIOL18 nony-

q;aeM oueHxy V B BBLle: 

1,156 + ft( _!_l + yJ112 
( !.....) 

4 
+ 

12 (1 1aJ u 

13../311
4 (-'->' + 0 ( r 

8 
) 

3360 u /4.4/ 

2 2 4 4 
1,119 + 1 (L) + ...!L ( L) + Zl 11 

3 u 30 u 1890 
(-r )ll 0( 'J + r .. 

u 

J1Cn01Ib30BaB /4.3/ MO}KHO OU9HHTb HHTerpan R H3 /4.1/. 

+ 13 11 4r 11 
) + 0 ( r 1) 

460u 1 

R 

+ ) + 0 (r 8
) 

OTKylla MO}KHO nOliY'IHTb Bb!BOLl, 'ITO napallll9llbH8SI BOC!lpHHM'IHBOCTb B9Ll9T ce6H npR r-+ 0 

xaK r 2 • 
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PeweHHe ypaBH9HKH .ansr u 3a!IHW9M B BH.ae: 

u "'u0 - l 
n;;::,l 

qn (r/f) 
2

" /4.5/ 

r.ae uo .aaeTCSI cpopMynaMH /3.1/-13.5/ rrpH V = 1.156 11 1.119 .ansr n.x. H o.u.x. pe-

W9TOJt, u, MO>KHO 3a!lHCaTb llltSI f C 1/2 llO 5/2: 

-;--
2 

3!.1..1!L:-_1.1_ 
3 

CTO ( 3K + K) 

~[ 3K
2 

+ 1 
2 4Ku

0 
K + 1 

10K
2
], 

5K 2 + 1 

J 2 
4a [ 20K (K + 1) 

Kuo SK 
4 
+ 10K 2 + 1 

3( SK 
2 + 1) ] 

5K 2 + 3 

25a [ 3(5K
4
+ 10K

2
+1) _ 28K

2
(5K

2
+3)J, 

4u0 K 31<.
4

+10K 2 + 3 35K 4+42K 2+3 

r.ae a • yJ I 12 R 113 , a K "' _v_ J d J p [ 1 -A 2(p)f~= 1,156 1,119D.nsr 
(211 )J 

ll.K. R O.U .K. COOTB9TCTB9HHO. 0CT8ltbHbl9 KOscpcpHUH9HTbl ll8Hbl B 'IHClt9HHOit cpOpMe B Ta6nH-

ue 2. 

nerxo npoeepiiTb, 'ITO CT
0 

nonyqaeTcsr ecer.aa cornacHo oueHxe 3.7/. 

PeweHHR ypaeHeHHA. /3.1/-/3.5/ .ansr v, aa.aaHRoro 11epea /3.6/ /q:,eppoMarReTHK/1 
1141 I 

HMeiOT BHll, C0Bll8ll810WIIA C peweRH9M llaftCOHS C TO'IROCTbiO .ao 'llt9ROB llOplilllKS r S J 

BKltiO'IIIT9ltbRO. 3TO HMeeT M9CTO, llOCKOltbKY V = 1 +a (r/f JJI2 + b (rlf)s!J;: 1 + A , 

r.ae K09tPcPHUReRTbl a R b 3aBHCHT TOltbKO OT BHlla peweTKR. G TOft :lKe TO'IROCTbiO 

nony'faeM V = 1 + nA 11 oTciO.aa BbiBOllHM, 'ITO u = l - A I 2 • Y6e.aHTbCR B coena-

ll9HHB KO&cPtPRUH9HTOB a H b TO:lKe nerKO, TaK KSK B 060HX TeOpHHX ORB onpe.aenRIOTCSI 

v 3 x + l[1-A(p)] 
KaK KO&cPtPHUBeHTbl pa3nO:lK9HRSI --:T ( d P cth H acRM!lTOTH'I9CKBA 

(2 ") 
pR.a. 

Gne.ayeT o6paTBTb BHHMSHRe HS cymecTBeHHoe paanH'IHe peweHHR cpeppoMarH9THKa 11 

aRTHcpeppOMSrHeTHKS. B llOClt9llH9M cnyqae 3aBHCHMOCTb OT f 6onee cno:lKHa. STo B HeJto-

TOpOft cTeneHR CBSI38HO C OTltR'I119M K OT e.aHHHUbl, HO .aa:lKe npR Va1+a(rluJ2+b(rluJ 4 

B peweRIIII ypaBH9HHA /3.1/-/8.5/ TH!la /4.5/ TOJibKO 'IlleR U He 6y.aeT aaBHCeTb OT f. 
I 

G .apyroft CTOpOHbl B peweHHH llllSI aHTBcPeppOMarHeTHKa /4.5/1 no-BHllRMOMy
1 

ReT 'l:rteHOB BR-. 

.a a 1 If 
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PyKonac& nocTynana B H3.!laTen&cKHA OT.!len 
26 q,eBpansr 1963 r. 
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Ta6.mm;a I 

ao -a I 

.t aHTHWeppOMarHeTHK weppoMarHeTHK 

II.K. o.~.K. rr.K. o.~.K. rr.K. o.~.K. 

1/2 o.704 0.733 0.263 0.278 0.192 0.277 

1 1.456 1.493 0.443 0.459 o.354 0.398 

3/2 2.188 2.224 0.689 0.686 0.655 0.670 

2 2.898 2.930 1.260 1.267 1.237 1.254 

5/2 3.593 3.622 6.124 5.275 5.595 4.962 

Ta6mrua II 

t Go q;i ()1 o; o; 
rr.K. o.u.K. rr.K. o.u.K. n.K. o.u.K. n.K. o_.g.K. II.K. o.u.K 

1/2 0.433 0.447 0.865 0.894 0.072 0.167 0.107 0.268 1.330 2.721 

1 0.923 0.941 0.923 0.941 0.081 0.183 0.121 0.263 0.551 2.091 

3/2 1.422 1.441 0.948 0.960 o.o8o 0.184 0.519 0.267 0.388 0.727 

2 1.919 1.937 0.954 0.968 0.078 0.177 0.090 0.219 0.455 1.954 

5/2 2.422 2.440 0.969 0.976 0.076 0.173 o.lJ3 0.196 0.292 1.223 


