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B IlOCJie}Uiee epeMJI e mITepaType ( CM., e tiaCTHOCTH,' {1,2]) ot5cylK)l;aeTCJI He

neJJTyp6anrnHhlll Teopenrno - rroJieeoii rro,nxoa K rrpo6JieMe emrnoo6pa3Horo omr

camrn Me30HOB C pa3Jill'IHl,JMll KBapKOBWMll apoMaTaMll. TaKOll IIO,l{XO.l( OCHOBaH 

Ha 3cpcpeI{TllDHOM raMllJihTOHllaiie KDaHTODOit xpoMomrnaMH~ (Kx.t:o B KJJIO

HODCJ{Oll KaJI116pOBKe 11 CDO.l(llTCJI K CllCTeMaM ypanHeHil:ll llinRHrepa-.LJ:a:itcoHa 

( lli.LJ:) ll BeTe-CoJIIIllTepa (BC), JIDHhlii Dll.ll ·KoTopwx 3aDllCRT oT Dhlfiopa cjJe

HoMeHOJiorw1ernoro rroTemmaJia D3aI:IMO.lle:itcTDllJI •. PerneHllJI 3TllX ,ypanHeHil:ll n 

KX.LJ: 01rncwnaIOT cnoHTaHHoe uapyrneime Kllpamuo:it cRMMeTptttt, mrn=e

CKYIO Macey KDapKa, crreKTp ll rrapaMeTpW B3allMO.l(e:itCTRllll Me30HOD [1],(2]. 
B pa6oTe [3] 61,JJIO rroKa3aHO, ;ITO CllCTeMa yKa3aHHh!X ypanHeHll:it B Il;Pll· 

fiJill}KeHllll []OTeHUllaJia raycca OIIllCh!DaeT 3KCIIep11MeHTaJibHWe 3Ha'!eHllJI Macchi 

OCHODHOro COCTOJIHllJI ITllOHa 11 KOHCTaHThl ero CJia6oro pacrraaa. AnaJioril'!HWe 

pe3JJibTaTW ITOliy</eHW D pa6oTe [4] lll!JI ITOTeHURaJia lOKaDhl 11 D pa6oTe. (5] .l(JIJI 

KOM6miaUllll OCUllJIJIJITOpHOro 11 rayccoDCKoro IIOTeHUllaJIOD. . 

0606me1me ypannen11il lli.LJ: ll BC na cJiy:<1aii KOHe'!HOil TeMIIepaTyphl 11 

6apllOHIIOH ITJIOTHOCTll [6], (7] eechMa llHTepecno C TO'IKll 3peHllJI aKTyaJihHOH 

rrpo6JieMW OITllCaimJI ropJI<Ieit 11 ITJIOTHOH aapoHHoii MaTepllll (KBapK-rJIIOOHHOH 

1rna3Mhl)[8]. B uacTOJIIl.\eil pa6oTe rrponeaeuo q~cJieHHoe 11ccJie.l(oBaH11e TaKRx 

0606meHHhIX ypanuen11:it, rroJiy<1eHHhlx n pa6oTe [9]. 
B []OCJieJUiee npeMJI yKa3aHHaJI rrpo6JieMa paccMaTp11DaeTCJI D OCHODHOM B 

paMKaX MO.l(eJill · HaM6y - Hotta - JlaJ11tt110 [IO], [I I], KoTopaii 3KBIIBaJieHTHa ce

napa6eJihHOMY rr1m6=eH11IO (12],[13] paccMaTpRBaeMlJx ypanneHllll. IloJtoMy 

.l(a}Ke KaqecTDeunoe cpanuenue pe3ymtaToD •mcJieHHoro . peIIIeHllJI rroJIHo:it c11-

CTeMW ypanueu11:it lli-.LJ: 11 B-C C pe3JJibTaTaMll, IIOJIJ'leHHh!Mll B cerrapa6eJihHOM 

rrptt6JimKen1111, MO}Ket 6h!Th ITOJie3HhIM ,'(JIJI auaJill3a IIpRMeHllMOCTll TeopeTll'le

CKO:it MO.l(eJill, 

TaK }Ke, KaK 11 n pa6oTax [3],[9], n uacTOJIIUCM 11ccJieaonaHllll .l(JIJ1 yrrpomeullJI 

MO.l(eJIII MLI llCilOJih30DaJill 3cpcpeKTllDHhlll ITOTeHIUfaJI D Bll.l(e rayc;c11aua: 

V = Vo exp (-r2 /4R2
) + C, (1) 

rae C, vo, R - 3a.l(aHHhle rrapaMetpw 3a.l(a<m. 

0TJill'!lle B IIOCTaHOBKe 3a.l(a<m .l(JIJI CJIY'IaJl TeMI1epaTyp11oii 3aBllCllMOCTll co

CTOllT BO BKJIIO'!eHllll B CllCTeMy ypauuen11:it lli.LJ: .l(OIIOJIHllTeJihHOrO ypaBHeHllJI 

.l(JIJI XllMll'lecKoro ITOTeHUllaJia. I1p11 3TOM B cny-qae nepaDHLIX TOKOBWX Mace 

KDapKOD .l(JIJI ypanneHllJI BC MhI RMeeM CllCTCMY <JeTwpex llHTerpaJihHhIX ypa

DHeHil:ll. 

0TMCTllM, '!TO pa3pa6otaHHhJ:it ITO,l{XO.ll K perneu1110 paccMaTpllDaeMh!X 3a.l(a<r 

ll co3aan11oe nporpaMMHoe 06ecrre<reH11e IT03DOJIJIJOT rrpono.l(llth •mcJieHHh!:it ana-



mI3 TeopeTWiecIITTX Moneneii n JJ:JIH noTemmanoB npyroro BRJJ:a (11anpnMep, B 

BII.Ue IPYI-IKilllll IOKam,1). 
U:em. namrnii pa60Tid - nponeMOHCTpnpoBaTh B03MOJKHOCTll pa3BllTOf0 npo

rpaMMHoro KOMIIJieKca n noJiy<IBTh perneHllH ypaBHeimii Ill)]. n BC c Bl{JIIO'Je
HlleM TeMIIepaTypHoii 3aBllCllMOCTll no npennmKeHHOll B pa6oTe [I] CXPMe. Tio
Jiy'leHIIlde pe3ym.TaTbl MoryT 6bITh ncnoJih30BaHhl JJ:JIH anaJill3a npennoJKemrnro 
cnoc.o6a BK~IO'leHllH_TeMIIepaTyphl n cpeJJ:bI B KX)]. - nncm1pnpoua1myIO MoneJih 

~apKOHllH. 

IIOCTAHOBKA 3AJJ;A q0: 

B llMilyJii:cFioM npeJJ:CTaBJiellllll Il~TeHilllaJI ( 1) llMeeT ·cJIPJl.)'IOlIIllll Dll.ll: 

V(p - if)."." (;)3 R3 exp (-R2 1~_-.111 2
) + c:(2ir):J8(lfi...: ql). ' (2) 

CncTeMa ypaBnemrn Ill)]. npll T cl 0 JJ:JIH 3anannoro noTeuunana VU, - fT) 
COI'JI;J.CHO [9] MOJKeT 6bITh 3<lilllCaHil B BRJJ:e CllCTPMhi HeJ!llHPHHb!X llHTPfJlaJihflbIX 

ypaBHemrn: ' 

{ 

E(p)cos(2v(p)) = mo ~J f difV(lfi ~. 171)[1:-- J(q}"-.](q)]c~s(2v_(q))/(2ir)3;, 

. E(p)sin(2v(p)) =:p +~j dqV(lf '_ ql)W - J(q) -J( q )]sin(~~1(q ))'t(2ir)3
, 

' ' ',' ' • ' • ' < ' ' ,, (:1) 

·· µ(p)~µo.+~jdiiV(li-;111)U(q)'_J(q)]/(2irf3,''. · (4) 

r,ne 

1 
f(p) = 1 + exp[,6(E(p):.:. µ(p))]' 

l . 

. l 

l(p) =. I+ exp[!j(E(p) + µ(p))]" 
(5) 

lIHTerpnpOBalllle oe,neTCJI:B TpexMepHoM nMIIyJihCHOM npocTpaucTBe, (ji / p, ij/ q) 
- CKaJIHpHOC Il]l0ll3Be,nelllle e,ZI;llllll'lHbIX TJ)CXMPJ)HhlX BE'KT<JJJOB; /3 ;;,; 1/T, T. 
-, TeMIIepaTypa, E(p) , v(p); µ(p) ~ COOTBCTCTBCHHO ,ueprmI ;Imap1m,, er,o 
BOJIHOBaH cpyHKUllJl ll XllMWieCKnii IlOTeHilllaJI, IWTOJJhle nano HaHTll. TmweaJL 
Macca.KBapKa moll Ha'JaJTI,Hblii XllMll'JecKUii IlOTCHURaJI Jlo pacr,MaTpllna10TCJl B 
,naHHoM cny'lae.KaK 3a.n:amrne napaMeTpbI Mo,nenn. 

Ilpe11e6peraH yrnoBoii 3aonci!MocThIO pernennH, norne ll!ITerp11poBamrn no 
yrrraM nq ,ZI;JIH CllCTPMbl (3)-( 4) IlOJIY'IaCM: ·· 

rne 

{ 
E(p )co.s(21!(JJ) ). =; m.o +. J1, 
E(p)sin(2v(p)) = p+I2, 

. ,oo 

· , µ(p) = 110+ j dqVi(p,q)[J(q)-f(q)J, 
. 0 11 ·, • i ·:· '! . . 

h =1 d~Vi(p,g)[l ~ J(q)-J(~)]~~.~·(211(q)),, 
0 

2 

'\.., 

·.•· ',~: ,. 
• 

(6) 

(7) 

. (8) 

rne 

00 

. /2 = j dqVi(p,q)[l -'J(q)::_ ](q)]sin(2v(q))i·.: 
0 

1 1 ; ·. •' · 
Vi= 2(2ir)3q2 d!W(lf-'11),,· ,, -:· 

. " ·' i < f' ·,' . '' ' ''' ' 
Vi = 2 (2ir )3 (// dn~V(lf- ~?· .. 

,,(9) 

·(10) 

(q) 
,1 ., 

\ ' ' \ ' . " . . . 

Tio,nCTaBJIHH IlOTPHURaJI (2) e CllCTeMy (6)-(7), llMeeM 

E(p)8in(2v(p)) = p + h . . ,. 

{ 

E(p)co8(2v(p)) =mo+ Ii, 

' µ(p)~/1°.+1~-~~~-(p,.~)U(~~-~/<~>.1\ 
' : (~2) 

. ,,., A'<,, • , «l > :•, _,' :_,,.,•, 

£,(P) ,= f(p),:; 29[1.-;- f(p)-: /(p)J,, : . , . , .. · , . (13) 

' : •. ,, '' ' ',•,1..:•; ' ,, . '. '. ' ' : •'<; ,·, '"' ' 

µ(p) = µ(p)-. i7[f(p),-, f(p)] .. , , . , , , .,,(14) 

McKoMaH cpyHKURH v(p) y,noeJieTBO]lHeT acnMIITOTWieCKllM ycJIOBll.lIM 
1,'. > ' 

, ,: t·,,1[' \ 1,,;1 , 

lim v(p)=0, lim v(p)=-.• 
p ➔ 0 p->00 4 

'··'•'1'1 

p~ J.., I J ( 

(15) 
t' J {; 

Mw 6y.n:eM llCKaTh peIIIelllle ,CllCTCMbI (12) Ha KOHC'lHOM llHTCJJBaJie 
0 ~ p ~ p M. Tor,na rpaHW!HbIP ycnoam~ ,ZI;JIH v(p ), a,nnpoKCllMllpyronme ycnomw: 
( 15 ), llMe!<)T Bll,ZI; 

7r 

v(0)_= 0, ,v(~M).= 4 ... , . ,.,..(16) 

lIJ: CllCTPMbl (12) IlOJiy'laeM '' '" 1>;", ' 

' ;·,,, I, • f'. • 

E(p) = ~C[l-f(p)-l(p)J+[mo+li(P)] cos(2v(p))+,[P+!lP)]~in(2v(~)j. (17) 
2.- . :,.. ' ' ' '•. ' ' ' . ' .. , ... 

3ueprnll KBapKa B(p).nonJKHa y.zioBJieTBOpHTh, ncxoiui'i'.i::i !pli3li'leC~ coo6-
.. ' •• ,,· •• • ,. ', '·, .,. '·, ' < '.' ,, '• :', i·,'• .· ,. 1·,j 

paJKe1mn, acllMIIT0Tn•1ernoMy ycnoen1;0: 
l·,,. 

lim E(p) = p. 
p~~' . 

(18) 

Ilpn 3TOM ,ZI;JIH KOHCTaHThl Cmi:eeM .... ,,. 

C 
__ 

2
· Ii ··i2(PM)sin(2v(pM)) 

- m _c,__-'------=--'-. 
PM->00 1 - f(PM) - f(PM) 

(19) 

Tiepexo,ZI;H K 6e3p·a3MepHbIM:neJIWillHaM no cpopMyJiaM . 

E- E _ mo _ p _ q R- R~ c~• C _ µ _ µo 
=-:::-,rn=-::::-,p=-::::-,q=-::::-, = a, =-:::-,µ=-::::-,µo=-:::-, a , , . a · , , . , a · a . · a· , ,a a (20) 

3. 



rn:e ii = vo/(81r\/i), 0K0ll'IaTeJil,!10 II0JIY'IaeM (/lJIH KpaTK0CTll 3Ha'IOK ~ 11a)l 

CHMB0JiaMll oIIyme11 ): 

mo+ fi(p) 
cot(2v(p)) = ( ) , 

p+l2 p 
E(p) = ½C[l - f(p) - J(p)] +[mo+ fi(p)] cos(2v(p)) + [p + [2(p)] sin(2v(p)), 

PM 

µ(p)=µo +½C[f(p)-f(p)l+ jdqVi,(p,q)[J(q)-J(q)], 
0 

(21) 

r)le 

lpl · . (22) 
{

Vi= R'lexp(-R2(p2 + q2))sinh(2R2pq), 

V2 = 2 Rp2 exp (-~2(p2 + q2))[2R2pq cosh(2R2pq) - sinh(2R2pq)]. 

IlpH C = 0 ycnoal!e (18) 11e BhlII0JIHHeTcJJ. B pa6oTe [:J] (IIpll T = 0) 
llCII0JTh30BaJJCJl PM MO/lllq>l!Kalll!ii ypaBHellllJl lll,l],, 06ecI1e•II1Ba10IUIIX BhIII0JIHe

mi:e Tpe6oaallllJl (18) (T.11. nepe11opMI1p0BKa BOJIH0BOii cpyHKUllll ,rnapKa BIIYTIJll 

Me3011a). ,l],JIJl CllCTeMl,J (21) .3Tll MO)lllq>lfl<alll!ll IIpllB0/lHT I{ CJieJJ.YIOill.llM uapll

aHTaM: 

(l) PM _ q 
a) h(p)--> / 2 (p) = [ dqVi(p,q)[l - J(q)- f(q)][sin(2v(q))- E(q)]' 

6) /2 = 0, 

(?) PM _ q 
n) h(p)--> 12 - (p) = J dqV2(p, q)[l - J(q) - J(q)][sin(2v(q))- J . ]. 

. 0 . ~+~ 

Ilornom.Ky /lJIJl T = 0 yKa3amlhle TJ>ll BapI1a11rn 3a,n:a•rn Ul,l], IIJJIIBO.IVIT K 

6Jill3KllM pe3ym.TaTaM [:J], B HaCTOJJIUeii pa6oTe HapHJJ.Y C IIOJIHOH HeMO/lllq>l!Ull

))OBaHHOii CllCTeMoii (21) (B )laJII.HeiirneM ll3JIOJKemrn - 3a,n:a<Ja 1, l[OJICTaHTa C 
0II))e)leJIJJeTCJl (pO))MJJIOii ( 19)) llCCJie,U0BaJICJl T0JihKO 0/ll!H MO/ll!Cjllllll!POBaHilhlii 

Bapl!aHT 6) (3a,n:a,ia 2). OTMeTIIM, 'ITO 3T0T aapllaHT no acllMIITOTllJ{e II Jrnqe

CTBeHH0MY II0De,Ue!llllO perneHllii a11anorI1'leH T .II. ceIIapa6eJihHOMY IIJJI16JimKe

HlllO CllCTeMJ,J (21 ), K0TOpoe M0JKH0 IIOJlJ'IllTh nyTeM cpa1nopl13<lUllll II0TCHUllaJia 

(2) c HCIIom3oBa!llleM pa3JioJKelII1J1 B pnn Teiinopa c KOHe'lHhIM 'IIICJIOM <IJleHoo. 

Ilepeii,n:eM TeIIep1, K paccMOTpe!lllm 3a,n:a,m EC. B cooTBeTCTBllll c [9] ypa0 

u11enI1e EC B cpene Wlll CJJ)"IIDI nceB.!IOCKWlllpttoit CBllJII 11MeeT Bll,!I 

(E(~)(p) - M)Lg)(p) = (2:J) 

°'(~) J dq V(IP- - l1;;1)[c<+> /+> + ~. (:;) }+)]£ (~)( 11;'\ 
e) (21r)3 · /I P . q. Yp q G) 11, 

rne 

c~~) = cos(·v1(p) ± v2(p)), 
(~) ' . . 

-~P = sm(v1(JJ) ± v2(p)),. 

4 

'.) I 

) '( 

,J~l _ (,,Gl ±)~ll·/" (~) - +. - "-· EC~) =,E1 ± E2, 

1\' - ,\' , - ·\ . . A , - -
"+ = I - f1 - fi, n_ = .I - Ji -, /i, · a+ = h :-· J1, a_ '= h - Ji 

I · · · .. · • ' I , , · r . 
f;= [ , . , /;= . . .. i=l,2. (24) 

I + exp 1i( E; - 11;)] · · I +exp[;i(E; +/Ii)] , , • 

v1. "2• /;',. t.'2 11 · 11 1 • 112 ·- pP1i1P1111i1 ypali11Pmrn lll,l], 11· x1I11w1ern~ii nore11UI1aJI 

Jl!III IUlaJrna 11 all'flllillapHa r. '3a,n:a1iBhlMl1 °TCJl{OBbl~III ~IaCCatllI .111o
0

t 11 11102 • .\/ 

-- cofirTBPHIIOP Jlla'IPllllP. (1tact·a CDJt:JallllOfO l'OCTOJlll~Jl), £fr/_;_ BOJIHOBhle 

cj>y111m1111. 

'.\'cJtOIJH(' IIOJ>MI-IJJOUlll1 11MPPT ~~n 

Ne 1· dij (L,v(ij) +.L7°(ij))2' (L\"(qJ'.- Lj(ij))/ - --(--~~-- . 
M (21rrl a~· (l~ 

(L11(rj.) + L}(<iW (£11(,j) ~ L:}(,j))2 

I + I· ) = J. 
a~ · a~ 

(2.'i) 

lfom"ran'rt.1 miirromn:,x p;ir11a1to11 r·1i1·11ac'110 {!l] wirY,i- '6t.tTh 111,Pmrni>m,1 c' 11r-

110Jih:iirna1mPM rioi1y11<.'Hili,1x· JiP11\'p1111il 110 cjio'p1i~•np ·· · · 

I
, 4Nc:J d,j ·Iv c:-. .. , ,: ,) .. ·•·) ,··~ 7)· .•.. ( ). ,,.·· •• ),)) :) 

'rr = M (21r? ( '2 (q ,co.s( 1'1(1/ ~,1'2{,:~ ,~: ,~ ~?/'(\'','./,+,'.';)'I :.; (~6 
• ', . ·, -; , '.a .J. ,, < • f 

By.UPM HCltaTh pelllPIII-IP CHrTPMhl B IIHJl(' paaJIO)lil'III-IJI 110 ('(~PJlll'IPC'H11M <j>yn-

HllHJIM }1111 (0,</>): , . 

·' /(J) ;;"{· 1 '°'(T(~) · ')}·' 0 ·.)' ! '(;) (P, = p L:,, (n1111(p f,7,( ,<{>: 
l,m · 

,,_,,' (27) 

T01~1a JlJIJI ·c4ie1i11'1wcm1 Cl-l~n1PTJlll'IIIO('O '(:Jl)''laJi. T.~: TIJ>11 I :=:, p; O?~:ma;IaJl 
A A ' 1., , 

{/((,")'~o = u(y,)l ll, HPIJP.X0)\JI H l{,01,IP'IHOMY I-IIJTPpllaJiy lillT<'l'Pl1JlOllam1i1 [0,'pAJ], tthl 
- I I · ' 

f!OJIY.'IIIM cnenymuw,o aana11y Ila ro6cr11Pllllhf(' :matJPll11JI ')!JIil CHl'Tl'Mhl 'lJl'.ThlJll'X ' 

JlllllPHllhlX m1rerpam,1IJ,IX ypanHPl!llH: .,. 

,!i,({Tf(p) 
I ,, '. t, Ji . . ,,, ' _i • ,. ' i . 

. = J~N(p)U{"(p) .- 2n~(J,) .f' dq[11:·11Nu1v(q)+ H'/}1(r{'(q)] ·•· 
u . 

' ' ,' -]lJ,.f ' • ' ,• 

-,,2cl:(p) I dq[\V~Nu,!v(q)+ H'~,A(l/(q)] 
·, 0 ' 

,, . 

MU{"(T~) 
PM . ' • · '• ' 

= f.:N(JJ)Uf (p) - 2ct1:'(11)f dq[W1YNU{"(q) + W1Y-'1l'{1(q)], 
.. . 0 ' ' . 

'M Uf(,1) 

' 11M ' .. : . ' ,·. 

-·2(\'~(z,) I 'dq[WliNu;v(q).+ W21"Uf(<()] 
. 0 • .·, . ' . . . (2i-l) 

= EA(p)(l{1(p(- '21,~(i,/j' dq°[ll·{J··1(T11(q) + lF(\NfT1v(q)] . 
u . . .. . . . 

..c..2it~(11(f' dq[l 1'i1'' U,;'(q) + I Fi1"' u;v ( q)] 
i · {L ;, ' . ', 

, ' , ]'I\( 

J\l(Ti1 (p) = g·'(p)U}(p)- 2n~(J,) J dq[ll\\'1(1j'1(q) + 11'1\Nfi.V(q)] 
!'" () 

Pflt ,. . 

-2n~(J,) f dq[WA'U;;'(q) + 11wv u.,f''(q)]. 
0 

5 



3.neCb 

Hl[iN = f·1(p.q)C(q)c-(]i) + l\(p.<J).,-(q).,-(]i) 

w~N = V1(p,q)c+(q)c+(p) + V2(p,q).s+(q).s+(p) 

wJA = V1(JJ, q)s-(q).,-(]i) + V2(p,q)c-(q)c-(p) 

W21A = \i1(p,q).s+(q)s+(Ti) + V2(p,q)r+(q)c+(p) 

lV['[A = -Vi(p,q)r-(q)s-(Ii) + V2(Ji,q).,-(q)c-(Ji) 

w~A = V1(p,q)c+(q)8+(]i)- V2(p,q).,+(q)c+(p) 

wJN = -V1(p,q).s-(q)c-(]i) + V2(p,q)r-(q).s-(p) 

W21N = V1(p,q)s+(q)c+(Ji)- '2(JJ,<J)c+(q).,+(JJ), 

• p • JJ 
Vi(p,q) = -Vi(p,q), V2(p,q) = -Vi(p,q). 

'I 'I 

Vi (p, q) ll V2(JJ, q) onpe.neJIJIIOTrn <j>opMynaMll ( 22 ). ArnMnTOTll'lf'fl{O{' [IO

ne.neHlle perneHnfi IrneeT nn.n 

u<\1l(oJ = c{1l(oo) = o. (29) 

OTMeTllM, 'ITO CllCTeMa ypaDHeHllll IiC .D:JIJI CJl,Y'!a/1 pamrux TOKOBblX Mace 

KBapKOB mot = mo2 HeCKOJILKO ynpomaeTCJI ll CDO.llllTCJI K 3a.na'le Ha ro6cTDeH

Hh!e 3Ha'!eHllJI .!lJIJI C.HCTeMh! .11.BYX mnerpaJILHh!X ypaoHCllllll. 

t.JHCJIEHHbIE PE3YJlbTATbI 

llccJie.nonamie paccMaTpHBaeMOll MO.!leJIH B rrpe.nJiolKeHlIOH MaTeMaTll'IeCKOll 

IIOCTaHOBKe CBO.llllTC.JI K rrocJie.noBaTeJILHOMY peweHllJO .!lBYX 3a.na'I lll)l .nJIJ! Mace. 

mo1 , mo2 rrpn 3a.naHHOll TeMnepaType T ll Ha•iaJILHOM XHMtttJeC.KOM ilQTeHUll

a11e µo ll perneHHIO CllCTeMbl ypanneHllll SC, B IWTOpyro DXO.D:JIT ITOJl,Y'IeHHhle 

pemeHtt/1 3a.na'l W)l. 

)lJIJI 'IHCJieHHOfO pewe11HJ1 yKa3aHHhlX ypanHe!Illll rrpHMeHJIJIHC.L orrttca,rnlde 

B [3] aJiropllTMhl 11 nporpaMMhl, c.ymecTDelIHO MO.llllCjlHUHJ>ODaIIHJde 'c. ytieTOM 

c.neUll<j>mm .naHHoii 3a.naqn, )lJIJI pewenllJI 3a.na•m W)l ttcnoJILaonaJICJI MeTo.n 

npocTidX HTepaUllll. )lJIJI pewenttll CllC.TeMW I,C llC110JIL30BaJiac1, nporpaMMa 

SYSINT(SYSINTM )[14], npe.nna3Ha'lenHall .!l11ll pewemrn 3a.na•m na co6cTBen

Hhle 3lla'leHHJI .!lJIJI CllCTeMh! JIHHeiiHhlX 1U1Terpa11LllblX ypaBHeHHH C HCilOJll,30113-

HlleM MO.llll<pllUllJ>OBallHl,IX HTepaUHOIIHhlX cxe.M Ha ornoue o6o6meHHOfO nenpe

pWBHOfO anaJiora MeTo.na HLIOTOHa [15] . 

IToc1mJILKy UBeJtelUIP .nono111111Te1JhliJJX napaMeTj)OB - TeMnepaTypJJ ll XH

Mll'leCKOfO IJOTeHUllaJia - .!lCJlaIOT 3a11a•1y 6011ee l'J)OM03,Ul{OH, .!lJIJI ee ycnemHOfO 

pemeHHJI rrpttMellJIJICJI MeTO.!l IT)IOJlOJllKl'llllJI no napaMeTpy [16], IT03!101IJIIOlUHH 

HCl1011L30BaTL !I Ra'lCCTBe Ha'!am,noro nptt6JilllltellllJI peWCllllJI, y,Ke no11yqenHhle 

.!lJIJI npyrnx napaMeTpon 3ana•m. 

To•mocTh noJiyt1e1IHJJX peay11uaToB npoucp1111aCb ny·reM •mc11e1111ux 3Rene

pHMe1nou na noeJienooaTcJ11,11ocTH pac1u11p111om11xrn mrrepoa1100 mncrpnpona

HHJI ll cryma10lUHXCJI eCTOll. 

13 Ta611nue I npenCTaDJll'IIJJ IICKOTO(lhll' pcayJlbTaTW paC'!l'TOD Ha nocJie.nona

TeJILHOCTll 11.11.BOe cryma1ournxe11 ceTOll, IWTOJlLI<' ll0JlTHeplKJiaIOT, 'ITO IIJJ'IHCJIH-

6 

-I ' 

) i 

TeJIL11a11 cxeMa H.MeeT nopJ1.noK exo.llllM0eTll O(h4 ), eooTBeTeTBYIOJUHH nopJl.!UlY 

•mc11ennoii annpoRellMaUlltt 3a.na,m. 

mar eeTllll M 

h=0.07 o:5150346 

h/2=0.035 0.5150543 

h/4=0.0175 0.5150554 

I:= (h - h/2)/(h/2 - h/4) 17.9 

Ta6JIHUa 1. 
_ mot =; mo2 = 0.1 

. T = 0.1, µ 0 = 1 

Ut(l.96) j U2(L~6) 

0.6175460E-02 0.5610517E-02 

0.6176788E-02 0.5611749E-02 

0.6176862E-02 . 0.5611821E-02 

17.9 · /17.1 

Pe3yJILTaTw HellOTOJlhlX pactJeT0II IlpllBe,!leHW Ha pneyHRaX 1-10. llcnOJlb3Y

IOTCJI 6e3pa3MepHhle BeJIHtfllHW. ITepexo.n K pa3MepHWM 3Ha'!eHllJIM MOJKeT oey

mecTDJIJIThCJI no <j>opMyJiaM (20). CJie.nyeT OTMeTllTh, •ITO Ka'!eeTBeHHoe IlOBe

.nenne perneHHH paceMaTpllllaeMJJx 3a.natI B MO.llllq>llUllpoBaHHoM napttaHTe (npn 

/ 2 = 0) ana11orwmo pe3y111,TaTaM, noJiytieHHWM n:(9} 'ii.~·MOJieJlll Ha116y-llona-

Jla3HHHO. .</~~:(_ ; :. ~:· \~·>• • . : 
Ha pneyHRaX 1, 2, 3 n 4 rrpllBe,!leHa 3aBHCIDfOCTh'.p_erueirnii YP:J:BHemm ; IllU 

( v(T,p), :E(T,p), µJT,p) 11 m_(T,p) = E(T,p)cos(2v{T,p))) o-r 'TeMITepaTyphl 

T IIJ)ll mo = 0, (nmi .llBYX 3Haqemrn µo H ,!lJIJI .!lBYX napnaHTQB 3aJi.a'lll III)l. 

OT.MeTHM, 'ITO BO,acex_ eJiytraJIX Ha6JIIO.naeTCJI BWilOJIHeHHe yc~0BHH. Ha aellM-
,i;" • . ' ··, , • ,, . ' . 

IITOTf\~[e.CllOe:rrQBeJ(eHlle "pemeHHH nptt 60JlblllllX 3Ha<reHID!X,p ~ '_oo.' Ilpn 3TOM 

B o6iiacrn:'.'" ii,elicTBHJI" XHMH'IeeKoro noTeHUllaJia, T.e. np11; 0THOellTem.no Ma-· 

/ /Jlhl~: iMnyfuc;x, IlOBe.nenne pellleHllll eymecTBeHHO 3aBHCllT\ o~: l.10,!lH4lHKaUllH 
3a.na'ltt. '· .. 

Ha pucyHRe 5 npnne.nena 3aBllCllMOCTh pernenmi:· ypaBHemm· III)l B o6onx 

oapttaHTaX 3a.na<rn nptt K0He'IHOM 3HatreHllH TeMITepaTypJJ T = .o, 25 ll mo = 0, 5 

.!lJIJI Tpex 3HatieHllll /1.0· · 
RaK yJKe OTMetraJIOCh Bh!ille, 3ana•ra BC ,!lJIJI eJiy~~ p'aBHWX TOllOBWX Mace 

llBapKoB npencTaBJIJleT co6ofi 3aJia<ry Ha eo6eTBeHHWe 3Ha'lemm JIJIJI eneTeMJJ 

.11.BYX HHTerpaJILHWX ypannemrn. Ha pneyHRax 6a n 66 npe.ntTaBJieHa 3aBttett

MOeTL pewennfi TaKoii aana'rn OT T .!lJIJI Tpex 3Ha'!eHHii µo npn mot = mo2 = 1 

c ytieTOM JIBYX BapnaHTOB ypannemm W)l. Bll.D:Ho, 'ITO y•ieT l!HTerpana /2 
(pnc.66) IlJ)llBO.llllT ll ellJlbHOli aanttellM0eTll noBe.nemm pememm OT TeMITepa

TYJ>hl e poeTOM BeJlll'IIDibl µo. Ha pneyHRe 7 IIJ>llBe,!leHa aaBttettMoeTL OT TeM

nepaTypu eo6eTBeHHWx 3Ha•iemrn M ypanne~ SC. Ha pneyHRax Sa 11 86 

rrpllBenenbl' 3aBHCllMOeTH OT TeMITepaTypw IlJ)ll HeROTOJlhlX 3Ha'JeHHJIX µo ,!lHHa

Mll'IeeJl{)H IMatchl KBapKa m(p) H•Matehl CBJ13aHHoro coeTOJIHHll'M - co6cTBeH~ 
HOro .3H3.ijeim:i iP'aBHemui'BC·.· ~,"'· .-,If';, •t / ,. 'I 

O 1 
·::-;: r

1·_·!:·/,1l',.\ :·; ·"···;.·~ l L~:·rl / ~ ~~-t' 

3anttellMoeTb pelllellllfi ypaBHemrn BC OT TeMITepaTypw JIJIJI cJiy'la/1 pa3HWX 

1,1ace KBapKOB rrpHBe.nena Ha pneyHRe 9. OTMeTllM, 'ITO 3.nee1, y,reT l!HTerpaJia 

/2 IlJlllBO.llllT K poeTy aMIT11llTY.!lW T.H. "anoMaJlbHWX" B0JIH0BWX cpyHRUllll UG) 

c yne11wieHHe.M TeMITepaTypw. Pelllemm rro11yireHW .!lJIJI mot = 0.8, mo2 = 

0.4, µ 0 = 1., T = 0.1(0.1)1. 

,.,, 



0.7 4.5 
0.6 4 
0.5 3.5 

3 
0.4 2.5 
0.3 2 
0.2 1.5 
0.1 1 

0 0.5 

1 1 
0.8 0.8 

0.6 0.6 
0.4, 0.4 

0.2 0 0.2 0 

fi/p/t e/p/t 

0.9 
.85 0.55 
0.8 o_.5 
.75 0.45 

0.7 0.4 

.65 
0.35 

0.3 
0.6 '0.25 
.55. 0.2 
0.5. 0.15 

1 
0.8 

0.6 
.O.b'.2 O· 1 

omu/p/t dm)p/t 

Pm:. ·1. 
3aBl!CIIMOCTh peme1111ll ypaBHeHIIJI III)]. OT .TeM11epaTyp11 T II IIMIIYJihca · P ( v(T, p) = 
fi/p/t, E(T,p) _i:::: e/p/t, Jt(T,p) = amu/p/t II m(T,p) = .E(1',p)cos(2v(T,p)). = 
dm/p/t) nnJI TOKOBOH Macc11 KBapKa mo = 0, I II na•IaJihlIOro XIIMl!'IeCKOro IIOTeHu11ana 
µo = 0,9 11p11 /2 = 0 (aana'la 2). '· · · 
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~ 

j I 

i I 
r, 

0.7 4.5 

0.6 4 

0.5 
3.5 

3 
0.4 2.5 
0.3 2 
0.2 1.5 

- r 0.1 
1 

,. 0.5 

1 1 
0.8 0.8 

0.6 0.6 
0.4 1 0.4 

0.2 0 0.2 0 

fi/p/t e/p/t 

0.108 
.98 0,106 
.96 0.104 
.94 0.102 
.92 0.1 
0.9 0.098 
.88 0.096 
.86 

1 
0.8 

.0.6. 
1 0.4 

0.2 0 

amu/p/t dm/p/t 

P11c. 2. 
3aBIICIIMOCTh peme1111ll ypau11e1111J1 lll,Ll, OT_TC'Mill'!i,nypu T II IIMilYJihfa I' (1,(1',p) = 
fi/p/t, E(T,.p) = c/p/t, 11(1', p) = amu/p/t n m(T, p) = E(T, 71)co.s(21•(7', i,)) = 
dm/p/t) nnJI TOl{()BOii MaCCLl,KBap1rn 11/n = 0, I II 11a•iam,11oro XIIMll'l('CKOrl) llllT<'IIIlll11Jla 

/to = 0, 9 nm1 11eMon11,1mu11pona1111oii riineMLI (:iaiia•ia I). 
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0.7 4.5 
0.6 4 
0.5 3.5 

3 0.4 2.5 
0.3 2 
0.2 1.5 -
0.1 1 

0 0.5 

11~• 1 
I~,' 0.8 . . . 4 0.8 -

4 0.6 
2 

3 0.6 . 
2 

3 
0.4 1 0.4 1 0.2 0 0.2 0 

fi/p/t e/p/t 

0.3 
0.9 

:28 0.8 
.26 0.7 
.24 0.6 

0.5 
0.4 

~-!·~~-- I 0.3 
0.2 

1 
0.8 

0.6 
0.4 1 

0.2 0 

amu/p/t dm/p/t 

_ Pw._:J. . 
3an11rnMoCTb peme1mii ypan11e1ma W,l.l OT TeMnepaTypu T II MMnynLca I' ( v(T, p) = 
fi/p/1, E(T,p) = e/p/t, 11(T,p) = am11./p/t II m(T,p) = E(T,p)cos('2v(T,p)) = 
dm/p/t) JIJJH TOKoeoii Maccu KnapKa m 0 = 0, I 1111a•rnnuroro x11M11•wc1wro n0Te111.111ana 
µo = 0, 3 np11 /2 = 0 (3a,lla•ra 2). 
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;I 

' '\1 
-~ 
! 

10 
--~ 
I 
I 

0.7 4.5 
0.6 - .· 4 
0.5 3.5 

3 -0.4 2.5 -~ 
0.3 2 
0.2 1.5] . 
0.1 

1 - .. •· 
0.5 · _ .. -· 

11~ 
1 

0.8 . 
4 0.8 

0.6 2 3 _ 0.6 
0.4 1 . 0.4 

0.2 0 0.2 0 

fi/p/t e/p/t 

0.5 0.14 
.45 0.13 

0.4 0.12 

.35 0.11 

0.1 
0.3 

0.09 

1 
0.8 

0.6 
1 0.4 

0.2 0 

amu/p/t dm/p/t 

Pnc. 4. 
3aBMCMMOCTb pemeHMll ypaBHeHMJI W,l.l OT TeMnepaTypu T n HMIIYJJbCa P .(v(T,p) = 
fi/p/t, E(T,p) = e/p/t, 11(T,p) = am11./p/t H m(T,p) = E(T,p)cos(2v(T,p)) = 
dm/p/t) ,llJJJI TOKOBOii Maccu KBapKa mo= 0, l II naqaJJbHOl'O XHMH'I_eCKoro IlOTeHI.{l!aJia 
µo = 0, 3 JIJIH HeMoJ1mtmunpona1111oll CHCTeMu (3a,lla•rn 1). 
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0.801 
5.00 

~~ 4.00 

0.60-j 
II/ 

If/ 
1/J 

'II 
3.00 ,,, 

~0.40-j V' kl 
111 
11i 2.00 

111i ,,, 

0.20 .:j ~ 
1.00 

o.o~];,' ' ' ' ' " ' I ' ' ' " ' ' ' ' I " " ' ' ' ' ' I ' ' ' ' ' ' ' ' ' I 4.00 

p 
2.00 6.00 8.00 1.00 2.00 3.00 4.00 5.00 

p 

4.00 1.00 "l 

0.80 -:I ~ 

3.00 

:t2.oo 1------._ -- ("~ ----
-muo=0.I 0.40 
-muo=t.0 
-muo=l.5 
--muo=2.0 

1.00 
- - muo=0. I 12=0 

0.20 -:I •-- muo=l.0 12=0 
•-- muo=l.5 12=0 
• - - muo=2.0 12=0 

T=0.25 

I 

4.00 5.00 2.00 4.00 6.00 8.00 10.00 12.00 
1.00 2.00 3.00 

p p 

Puc. 5; 
3aBHCHMOCTb pemem!.l1: ypaBHeHlill Ill,l], oT liMIIYJILca· p (v(T,p),"E(T, p), 11('1', p) "· 
m(T, p) = E(T, p)cos(2v(T, p))) npli Te~rnepaType T=0,25 li TOKOBoli Macce KBap1m 
mo = 0, 5 ,UJIJI <1en,1pex 3HatieHHli Ha<IaJILHoro XliMHtiecKoro noTenuHaJia /to = 0, I; I, 0; I, 5; 2, 0. 
HeMO,[{llct,HUliPOBaHHaJI CMCTeMa (3a,[{atia I) - CIIJIOIIIHUe KpliBUe, 12 = q (3a,ua,ia 2) -
HYHKTil!JHUe KpliBUe. 

12 

I 

't 

I 

1.60 

T=1. 

a) 
1.20 

-;:.l 0.80 

0.40 

0.00 
0.00 0.50 

2001 
T=1. 

,...._ 
1.50 ,/"'... 

6) "1 /J6 I \\lit----

-;:.l ,.oo 1 If. 

I If// 
/f /lJ 

0.50 
///f/ 

0.00 
0.00 0.50 

... 

-- µo=O. 
- - µ.=0.5 

- µ,=1.0 

1.00 

p 

tna, =1no.r= f • 
T=O.t - 1. 
12=0 

1.50 

,-- µo=O. 
- - µ 0=0.5 

- µ.=1.0 
m.o,=m.o,=1. 
T=O.t - 1. 
full eq. 

1.00 t.50 

p 

2.00 

2.00 

Pur. 6. 
3aBliCIIMOCTh pemeHlill l/ I aa,[{a•m Ii('. B CJIY'lat' pannux TOKOIIUX Marr KBapKOII 111()1 
11102 = I. OT TeMnepa-rypu T = 0.1(0.1)1. II 11~111ym,ra I' JVUI TJH'X ,111a•l<'Illlii ''" = 
0., 0.5, 1.0 J\JIJJ aa,ua•m I -· G) 11 aa11a•I11 2 ·- a). 

13 



1.60 

1.40 

1.20 / 

/ 

~ 1.00 

0.80 

0.60 

-
------./ 

/ 
., 

I / 
/ 

,•' / 
,; / 

/ 
/.!' 

---- ' 

-

/ 

/ 

·-
/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
./ 

/ 

/ 

µo=0. 
µo=0.5 
µo=f .0 
mo,=mo2= 1.0 
full eq. 

0.40 .:l------~---.-----.--.----.----,---r----,-~ 

0.1 
T 

Puc. 7. 

3anucHMOCTh co6cTBeHHOro 3HatieHUH 3a,n.a•m SC - tiaccbl ceii3aHHoro COCTOHHUH 
M B CJiytiae paBHhIX TOKOBhJX Mace KBa))KOB mot:"= nio2 = i. OT TeMJiepaTyphl 
T = 0.1(0.1)1. npu Jlo = 0.,0.5, 1.0 .UJIH 3,a.ua,m .. :l. \ 

'i 

'\ \' 

' "-,N· ,¥'' .. :·.~" 

~, 
•' \ 
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I 
•11 

1.00 
a) 

0.80 

~0.60 

~ 
0.40 

0.00 

,.so 

1.60 

t.40 
6) 

~ 1.20 

~,.oo 

0.80 

0.60 

0.40 

0.20 
o., 

7'wo equaffona 
-m.=0.1, µ..=0,0.5,t 

IZ = 0 

T 

-- N, µ.=0. 
- - N, µ..=0.5 

......... fl\, µ..=0.5 
•• - fl\, µ..=t. 
_,..... fl\, µ..=0. 

- N, µ.=I. 

10 

Two el1Wlffcnv 
me=0.8, fu.U eq. ·41 

~ 
/~ 

.,,,,,.,,,,,. -- --- ~ 

.,, . ---. ~ 

Puc. 8. 

T 

3aBHCHMOCTb OT TeMnepaTypu T = 0.1(0.1)1. ,llHHaMH'leCKOii: Maccu KBapKa m(T, 0) H 

Maccu CBJl3aHHOro COCTOJIHHH M(T) B cnyqae paBHLIX TOKOBLIX Mace KBBpKOB mo1 = 
mo2 npH HeCKOJlbKHX 3Ha'leHHHX µo = 0., 0.5, l. ,I.IJIJI 38,I.IB'lll 2 - a) ii ,I.IJIJI iia,1.1a'IH 1 -
6). 
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I 

:~)') 

11:1i' 
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0.50 
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-✓ 
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,,, ,; 

1.00 1.50 
p 

0.40 0.60 0.80 

p 

.;:, ·r.·. 

'••.•·•,, : 

''P11c~··n. 
BoJIHOBhle cpyHRIJ;lm ypaBHem1ti SC B aaBHCHMOCTH OT TeMnepaTypw T = 0.1(0. l) I. 
t1irn TOKOBhIX Mace 1rnap1wB mot = 0.8, m 02 = 0.4 11 µo = I. t1nn aaJ(a•rn 2 -
cnJiollIHhle 11 t\JIR aat1a•rn 1 - nyHKTHptme Ilptrn1,1e. 

'.'16 

1 

1.00 

UfN U2N 
t.2E+OOO t.2E+OOO 

t.OE+OOO t.OE+OOO 

8.0E-001 8.0E-001 

6.0E-001 6.0E-001 

4.0E-001 4.0E-001 

2.0E-001 2.0E-001 

-t.OE-003 
0.00 0.50 t,.00 t.50 

-I.OE-0031,, .. ,,,,,,,,,,,,,, "',,, .. ~, 
2.00 0.00 0.50 1.00 1.50 .. 

p p 

UfA U2A 

~ r 5.4E-020 

7.0E-003 

-5.0E-004 
5.0E-003 

3.0E-003 

-I.OE-003 l,'''''''' I''''''''' I'' I''' I I I I''''''' I' I -2.0E-0031, ' ' ' ' ' ' ' ' I ' ' ' I ' ' I I ' I I I I I ' I I ' ' I I I ' ' ' 0.00 0.40 0.80 .. 0.00 0.50 
p 

P11r. 10. 
BoJIIIOBLIP '<l>ymuurn ypan11P1111A BC n :1a1111rnMorT11 OT T<'Mll<'paTYIJLI T = 0.'.2(0.1)1. · 
1v111 ToKom,x Marr 1rnapKou 111 01 = 0.8, 11102 = 0.4 H /to = 0. /!Jilt :1ana•111 I. C ponoM 
TCM11t,paTypLI" 11a6J110/H\l'TCJI no:mmmon<'lllll' yaJIOllllX ., a110Mam.1rnx·· P<'llll'llllil. 
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Tipu 11€KOTOJ)hlX 3IIa'lelmnx napaMeTpou :ia11a•m 61,1n11 IIOJJY'IPlll,I y:IJIOllhlP 

pernemrn ypaDH€Hlill BC. liMe!OIUW' II nam1oi1 MOJleJJl1 4lli3ll'JPCl(llll CMhlC ii pa

.ll.llaJ!hIIO D036yll{.ll.€HHl,IX COCTOJIIIlill Me30Ha. Onno 113 Tal(llX pPIIIPlllill IIJ)PJl

CTaBJJeHO Ha pttC)'HKe 10. I<poMe Toro, r IlODhllllPIIlieM TPMrIPpaTyp1,1 11]>11 !l('J(OTO

phlX napaMeTpax 3ana<m na6monaJJOCb 11anwme TO/lhl(O Y3JJODhIX "allOMaJll,lll,IX" 

pPlll€Hlill U~)' D TO DpeMJI Kai( ,."11opMaJib1IhlP" COCTalJJJJllOUll1P (la) OCTallaJJUCh 

6e3y3JJODblMli, 

TaKUM o6pa30M, np11aenem11,1e paC'IPThl Jl('MOll('T]>11py101 ('11/lhllYIO :ia\111ru

MOCTh pewem1i1 liCCJJeJJ.yeMbl~ ypaHHPI!lill OT napaMPTJ)OD MOJlP/111 11. rno;o6on 

nonauouKu Jana<m C'nepe11opMupo111{11'" ). Pa:mttThlH armapaT•npHMPHHM 111111 

liCCJ1enouauun npo6n'e'Mbl D 113DeCTIIOH 061ian11 li3MPIIC'IlliJI naf>~~ll"fJ)Oll :iaMt•m. 
,; \•, '. ' , .. 

Anam13 nony,1e .. H.HhlX p~.Yil". TaTou 11 11x 061,1ir11PHH<' r cjm:rnt&rnoi-i rnlp(ll :1pP1111n 
I , \ ' ' 

MOiKeT CJIYll{11,1h OCIIODOtt\~aJII,Hetlmero pa3Dl1Tl1JI 11Crl0Jlh3¥ .Ml,JX TPOJl~:11'H'Cl(l1X· 

IIOJJ.XO.ll.OB. / '. . / \ 

Cne.n.yei OTMeTUTh, ,rto. ·pa:ipa6oTamwe nporpaMMV~e 06ec11PtJP11J-e 11031!0, 

n11eT nonx,4aTh pe111e1mn 11A11 pa3n~•m1,1x 3na•1Pnui1 11af;aMcTpoa 3a11a•m\(Marc1,1 

1rna ))KOU/ TeMnepaTyp1,1 Ii 11·a•ia!lh11oro :ina'Iellli/1 "xu(moTPHUUaJJa"). l1D'hoMy 

11eo6xpJhiMhl JlOilOJ!;lllTf-'Jlhllhip' ytJIOllli/1 Jl/1/1 Orljlf-'Jl(~Jl~lll111 Jll'IU!'lllltt, 111ITCJ\ecnLIX 

.ll.i1Jl,''~H31i'l€CKliX liCC/IeJlOBal~H. / \ 

Pa6oTa 'BblIIOJIHeifa np11 cjm11aHCOIJOH nonneplKKP P<l><M1 (rpal!T 94'-01-
01119). . 
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