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I.BB en e H ll e 

.Il.aHH8SI pa60T8 SIBJJSISTCSI ,JJ,8JII,H8HIIIHM pa3BHTII6M HCCJ1e~oaam11l /I/, 

B K0T0pL!X 6wr paspa60T8H H pe8Jlll30B8H M8T0,D; 'IIICJI6HH0ro pememm ypa

BH8HM lllpe,D;l!Hrepa )J)Lfl CJIY"l8.R ,D;IICRP9TH0r0 Cil8RTpa. B H8CT0.Rl116:ti pa6o

T8 np6;IJ)I0)!{6HHID1. LlJir0pHTM o6o6men II npIIM6H8H ;IJ)IJI H8X0JK,D;8Ill1fl RB83H

CT8IUI0Hapnwc pemeHII'1 CHCT8MU ypaBH6HHti llipe.D;HHre pa• 

3a,JJ,8t!II M6308T0MH0H qII3IIKII, B R0T0pwc P83BllB88MUH M6T0.I( 6WI IIC

Il0JII,30B8H, npe,D;MBJJSIDT Il0BL!IIl6HHL!6 Tpe60B8HH.R R YCT0H"l~BOCTH BU'IHC

J!HT6JII,HOH CX8MU, Il0CR0JII,RY B 3T0M CJiytJae H606X0,IU1MO Y'IHTUB8Tl, .I(8JII,

H0,IJ,8ttCTBYJOIUHH xapaRTep ai¥t6RTIIBHWC Il0T6H1U!8JI0B 38,JJ,8'1II, H, KPDM6 T0-

ro, C ,D;0CT8T0'IH0ii T0'IJH0CTl>IO H8X0.I(HTI, anerrmI H B0JIH0B!16 ifymm,rrn 

CT8IUI0Hapnwc ll RB83IICT81U!0Hapnwc C0CT0.RHHii ypaBH6HHR lllpe .nnnre pa 

B6JIH3H rpaamm R0HTHHYYM8 • B npe;IJ)I8r86M0H BU'llfCJ!l1T6J!I,H0H CX6M6 ytiH

TUB8!(1l'C,R o6a 3TH Tpe60B8HUSI. 
I . 

KB83HCT81U!0Hapnoe c·ocTO,RHIIS RB8HT0B0H CHCT6MU onpe,neJJSIIOT 06Uti-

H0, C0il0CT8BJIR.R 6MY pemeHl-16 ypaBH6HIIB llipe,mrnrepa 

[d:l - L~'{-1)+2M(E-Vcx))J.f(x) = 0 (I) 

IlPII R0MilJI6RCHh!JC 3H8'16HIIBX aaeprm1 
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(2) 
E =£0 - i. f 7 

npli'l6M £
0 

Ha31:lllaK11' aaeprn:efi, a r - IJJHpUHOll RBa3liCTaI.UiOHapHOrO 

COCTO.f!HlUl (IDllI pesoaaaca) • C BlltJl1CJIHT6JII,HOll TO'lRH 3Jl6Hf,!.fl 8TO onpe-

,I(6Jl6Hll6 aey.no6ao. 

B sa.natiax pacce.f!Hli.fl pesoaaac onpe,neMIOT tiepes q;a3y 
d(E) 
L 

acHMilTOTllRli p6III6Hlii1 ypaBH6Hli.fl (I) 

Jc;2:::' sm (hx _Lf +B;_ CE)), 

k= [2M(E-Y(oo))]~
2 

(3) 

(3a) 

8aeprli.fl peaoaaaca £
0 

aaxo.I(RTC.fl npli aTOM li3 ycnoBli:ll: 

{CE)= x(ti+i./z), _E_ a.(E)I >OF 
~£ L £=Eo 

(4) 

r.ne n = 0, I, 2, 

li3 COOTHOIII6HIDI 

. . . . B aTOM no,nx:o.ne llll'lpliHa pesoaaaca BITTliCJI.H6TC.fl 

r ~ 2 770. (£) I 
o::'JE E=£ / 

0 

(5) 

RoTopoe cne,rr,yeT 113 npe,ncTaBneaIDI qiasII paccemum B o6nacTl1 pesoaaaca 

cf: (E) = a_ t. (E)- a;cctQ I' (G) 
L 1'0 <1 2(E-EJ 

npl1 ,I(OilOJIHliT6JlI,HOM Ilp6,IUIOJIOJK6flllli ?Jfi;0 t /tJE << 2/r /2, 3/. 
XapaRT6pHOll oco6eHHOCTI,IO peIII6Hlill / (x) ypaBH6Hli.fl (I), 

COOTBSTCTBYIOmllX RB8311CTaIJ;HOHapHhlM ypOBH.f!M RB8HTOB0ll CHCT6MH, .f!BJI.fl-

6TC.fl l1X 6on1,ma.fl aMilJlliTY,I(a B o6naCTl1 .neiicTBli.fl IlOT6HUH8Jl8 

o~x~x
3 

4 

!, 

no cpaBH6RliJO c aMnnn:Ty,no:ll: npli X >X
3 

(CM. pn:c. I)x). KonatiecT

BSHHO 3TO YBSJIIt'lSHn:e 8MilJIIITY;IUI pememm MDilCHO BHp83!1TI> COOTHOIII6flll6M 

/2/ . k 112 -

J (X) = C11r) j (oc),, (?) 

r.ne ROIJ.lliPOBRa .I (X) onpe,neneaa aCliMilTOTH'l6CR1lM _COOTHOIII6Hli6M 

(3), a qiyHRI.U1.fl J (x) aa,naaa B o6nacTJI .neiicTBH.fl noTenmrana li 

aopr.mpo:aaaa ycnoBueM ... 

· JXo-J d 
J(x) X=i. (8) 

0 

M3 paB6HCTB (?) li (8) cne,rr,yeT COOTHO!U6Hli6 

. k /Jx" ., r~ M o ~(x)c/x, . (9) 

B ,naaao:ll: pa6oTe aneprIDI 11 llll'!p11Ha pcsoaaaca onpe,neJI.flmcn COOT

. R0~6IUUIMH (4) li (9) COOTBSTCTBSRHOXX) • 

x) 8TO CBOMCTBO RB8311CTaUHOHapawc P6IIl6HUM TaR&e MORRO IlPllH.f!TI, 3~ 

rue onpe,nenerure. l13B6CTHO, 'ITO BOS onpe,nSJI6HIDI RBa311CTaIJ;llOH8pHlllC 

COCTO.fIHlill COBna,na!r MSlK,rr,y 0060:ll: B npe,nene I'-+ 0 / 2 , 3/. 

Bonpoc O TOM, R8R06 li3 HIDC aau6onee nocne,nOB8TSJII>H0 C BlltJITCJIIt

TGJII,HO:ll: TO'lRli 3p6Hli.fI, ;IJ.O Cl1X nop H6 liCCJIS,no:aaa C ,nocTaTO'lHOH 

IlOJIHOTOfi. 

xx) PaBeHCTBO (9) RBJI.fl6TCR npH6JIItilC6HHHM, IlOCROJII,RY BH6op TO'lRJI z 
. 0 

(nepBH:ll: HYJII> _j(a:;) BH6 o6naCTli .nettCTBli.fI·llOTSHWiana) B R8'l6CTB6 

npe,nena llHT6rplipOB8HlllJ B 3R8'll1TSJII,HOH Mepe npOU3BOJI6H. 8TOT 

npoJI3BOJI CB.FI38H C o6men aeonpe,n6JI6HHOCTI>IO IlOHRTli.fI "o6nacTI> ,ne:ll:

CTBli.fI ll0T6Hnt'fana". 0,I(R8RO B03HJIR8IOm8R norpeIIIHOCTI, aecyr.qecTB6HR8 

BBH,rr,y aecTporocTH caMoro noH.FITHff "mlipruia peaoaaaca", a T8Rllte 

noToMy "ITO :a o6nacTu X,e < X< X 0 :aoJIHo:aa.FI i[;yamll1.fl .;I, (x) 
aRcnoaea:rmam,ao saTyxaeT (CM. pac. I). Onpe,neneHHe (9) aecyme

CTBSHHO OTJlli'l86TCR OT onpe,nenerurn IlHRa/4/. 
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2. IlDCT8H0BR8 38J1,8'IH 0 Bll'!l1C116H!IB l{B83HC'l'8Il,,1.0H8pH!llC pememtii 

CHCTSMl:l ypaBH6Hllli llipe.I(lmrepa 

B o6meM c11ytiae 38,Jtcl'I8 06 onpe,11;6116Hilll co6CTB6HHUX 3H8'16Hlrn'. 

(ypoBH6H aneprn11) H co6CTB6HHWC (B01IHOBUX) <fYHRWffi. CHCTSMl:l CBR38H

Hl:lX .nwr11,epeHWJ81Il,HUX ypaBH6HHfi Illpe;iurHrepa q:oµ.1y11upyeTCR c11e;nylOJIID,! 

o6pasoM. 

IlycTI, .u,aHa CIICT6M8 o6lIBHDB6HHHX ;iurg_'.~epeHUl'l81IbHHX ypaBH6Hml: 

Sfi (E,j(x))= [dcf!2; _ L(L~t)+2M(E-1((x)Y-I. Cx)-
Jf' X X JV' t LJr, (IO) 

- L,1 -v;-. cx)_fi. (oc)-2 l Qi; (X) cf-f,.Cx)= O · 
J=J. '-J J j=J. J ~ J ;, 

r.ne o~x<oo, i...~1,2, ... ,.rr, z' 03Ha-qaeT cyMMHp0B8HH6 no 

BC6M j fl , a Il0TSHUl!aJJH, TD SCTb 1{03cf(f-HUH6HT1l Cll[QT6Ml:l, 0611a.u.a

lOT C116;IJYJanliMH acnMilT0TH'ISCRHMH CB0HCTBaMH: 

npn x~o ::l Vcx)➔C'Onst .x 2 V. (X)➔cond xQ._ Cx)~cwsi·(II) 
' , 'J ;, ';J , 

npaX➔= Y.cx )~ con.~t x2V. (oc:)-0 Q. -Cx) ➔O (.. , 'J :, <J > 

IlJ)Il'l6M 

O= V,(oo)~ Ye=)~ ~ 7r (oo). (I2) 
J. -2 ••• -.; VJ( 

Yc11DBH6 {I2) onpe,neMeT Hatia110 oTctieTa aHepnrn E 
Ilpn X = 0 paccMaTpnBaIOTC.IJ RpaeBl:l6 yc11omm 

.fi Co)= O. us) 

B C00TBSTCTBill'I C YCT8HOBilBffi6llCR TS p.rn:H0110rH6H ypaBH6Hil.lJ, Ha 

ROT0plle pacna.u.aeTCR Cl1CT6M8 (IO) npa .X - .00 , 6y,neM H83UB8Tl, 

R8H8118MH pe8RUID'l. 

6 

I 

j 
I 

11 

' 

Ilpa E < 0 Bee RaaaJJH 38KIJHTH, TD ecTI, orpaalI'IeHHHe H6TPRBH

a1II,HHe pemeRKR sa.u.atIR {IO), {I3) B03M0lltllll T0]IJ,1{0 npn ,nacRpeTHUX 
. . (V) 

8H8'ISHRRX E , R8It,IJ;DMY HS RDT0PHX C00TB6TCTBY6T BSRTOp C06CT-
_.(J,/) C (V) (V) ,./(II) ) 

B6HHHX qiyHKUHii j Cx) = fs. Ca:.), /2 C:x..), •• • , J-'.l'Y (x) • OIH.ne~c Y 

B .u.a11bH6Hffi6M 6y,neM onycRaTb}. ACHMilTOTilR8 pememrl1 Xcx) npH, x-oo 
Ilr.166T BH,11; 

r.ns 

B cny-qae 

.._, 
Jc (x) .--., exp { -'de, x}, 

;;e, = [2M (~C=)-E)f~
2 

"\{(oo)>E>O (J.<S~.t{) 

{I4) 

(I5) 

8CilMilT0THR8 B 

Raaa11ax 

H0BKTC.IJ 

i ~ S ocTaeTc.lI B BH,ne (I4), a B RaH011ax l < S cTa-

r.ne 

oc~apyJanett: 

/2 ( X) .--., Sitz. C k,x -1:" + ~ Uc ki)), 

. -t/2 
. k, = [2M(E-~Coo))},

2 

a ~c,>(k,) 
., 

- ~a3a pacce.lIHM. 

{I6) 

{I7) 

Han6onee pacnpocTpaHeHHl,IM no,nx:o,noM R pemeHHro aa,na-q, cooTBeT

CTBYKmHX Henpepl:lBHDMy cneRTPY { E> 0) cncTSMH (IO}, .IIBJIRSTC.IJ Heno

cpe~cTBSHHoe HHTerpapoBaHHe aTott cncTSMH npn 3a.u,aHHHX 3H8'16HIDIX E 
C H8tJ81IJ,Hl,IMH YC110BH.IJMR (13) R Ha-qanI>Hh!MH 3Ha-qeHilRMil npol18B0,ll;HUX 

I d . /2 (0) = l , R0T0pHe onpe,neMIOT Hop~Hp0BRy' B01IHDBl:lX cl,,YHRuml:. 

CpaBH8HH6 no11y-qeHHl:lX pemeHRH C 8CHMilT0TR'I6CRHM BJ:lP8:iK8HH6M {I6) npa 

k, X >> 1 nosBOM8T HattTH <;831:l pacceRHH.II '/{ (i) ( k, ) . 
O,naaRo 3TY Il0CT8H0BRY 38,ml'IIl M0lKH0 o6p8TilTb IIBM6CTO 

38.u,a'IH Roll!H pemaT:& sa.na-qy Ha C06CTB6HHl:l6 3H8'ISHHR,'!l'0 6CTI> H8X0;IUfTI, 
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-2q(x) 

2 

40 

PHO, I. Co6CTB6HH06 3H8lJ6HH6 .A- =2MEo(nyrntTHP) H BOHHOB8H WYHKUHH 

KB83HCT8UHOH8pHoro YPOBHH /2 =I M630MoneKym,i tt~ (M=I3,54) 

B cocTOffHHH c nonHHM MOMSHTOM l =2. IlpHB6A6H TaK~e a~eK

THBHJ:rn rroTeHuHan q,,cx)=i?MV(:x)-1-l(l+-1)/x'\ 
TOlJKii rroBopoTa Xe onpMena10Tca Ha ypaBH6Hliff O(x)-l=O. 

t • I f 

s 

----.--------.----------x Xmax 
PHc. 2. ~HCKpeTHOe np6ACT8BJ18HH6 no napaMeTpy t 3BOJIIOUHOHHOfi 

38.IJ:8lJH (27)-(30) - ananor ueTo.n;a npHMHX .IJ:JIH ypaBH6HHH B 

qacTHHX npOH3BO.IJ:Hl,IX. 8 

·i 

, , 
I 
I 

E ll Jcoc)no 38.I(8HH1,lM 3H8lJ6HIDIM ~cock,) C rp8HWIHl:lMK ycJIO

BID!MH (I3) H (I6). BapH8HTH T8ROro no,nx:o,m:i R 38,IT,atJe pacceHHIDI pac

CMOTpeHH B pac5oTax14 ~ 5/. B ,IT,aHHOii pac50T8 anepr.ur RB83HCT8IU10H8PHWC 

ypoBneii B R8JK.nOM ll3 R8H8J10B onpe.n;eJIJlJOTCH ll3 YCJIOBHtt 

(18) 
Ci) 

·£} Ck.)= x(n,+1/2),. 
. . . . (i) 

r.n;e, corJiaCHO TeOpeMe JieBHHCOHa,. n, = ~ (O)/:JC 7 paEHhl 

lJHC;ry nyJieii BOJIHOBHX @'HRU!rll .fL. (X) B Oc5JiaCTH .n;ettCTBHH Il0T6H-

UH8JIOB ~(X) • lllHprutH COOTB6TCTBY!OJllIDC pe30H8HCOB BHlJHCJlll!OTCH no 

~op.1yJ1e 
k,• ;sxol J I'= -- .· - ~ cx)dx 

L /'1 ,/-(. . 
. . 0 

{I9) 

3. HenpepHBHHR ananor M6TO,M Hl>IOTOHa. ( CAMEN) 

CxeMa npHc5.1IBJlt6HHOro BHlJHCJ16HllH OCHOBHHX xapaRT6PHCTHR RB83H

CT8UHOH8PHillC ·coCTOHHM (cxeMa CAMEN ), pe8JU:t30B8IDl8H B H8CTOHI!l6li 

pac5o~e npH pemerum: 38.IfelJH (IO), (I3)-(I8), HBJlll6TCH .I(BJII,HeiimHM pas

BHTH6M aMOPHTMa, rrpe,n;Jiom:eHaoro B pac5oTe aBTopo:/II. 

,lJ,ruI npm.1eHeHIDI cxeMH CA.MEN Heoc5xo,Il;ID.lo .0:cxo;nayro sa,u.atJy (IO), 

(13)-(IS), sa,u.aaHyro Ha ·no.nyocH O ~ X < oo , annpoxcllMllpoBaTl> 

Ha ROH6lJHOM IUIT6PB8J16 Q ~ .X _::; Xm, ,, a HM6HHO ,38.I(BTI, rpaHn:-

lJHH6 YCJIOBIDJ B BH.IJ:6 

!fo_, (E,fcxJ)= [J,a CE) J~ +- fclcCE)jJ{cx)} = O~ 

I~ (E)+-o ~ (E)> O ~=t Td, dclt .) 
(20) 

<:J.-2, 3·· l. 1,., Jf'· g -o p x· - , , = , ~ ,. · ·, ' ~ - " lJ 3 =.. In . 

3TB npou;e.n;ypa, Tpe6y~aH ococ5ott BRRypaTHOCTH B CJIY'I86 .I(8JII,HO.IJ:8iiCT-
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BYIOIIIIDC noT6HUH8JIOB n MaJillX sHa"Iemtii E , 6y ,IJ.6T no.n;po6Ho paccMOTpe

Ha HHJK6, 

0TM6TllM, "ITO l!M6HHO CB6,Il;6Hll6 llCXO.n;HOH 88,lJ;a"Ill Ha ROH6"IHHli Hll

TSpIJaJI Il08BOJlf!6T pemaTb sa,n;a"Ill ,ItllCRp0THOro ll aenpepmiaoro cneRTpOB 

e,n;naoo6pasHHM cnoco6oM, 1<a1< sa.n;a"In Ha co6cTB6HHHe saa-qeHIDI, 

B CX6M6 CAMEN /I/ sa.n;a-qa Ha co6CTB6HHH6 8Ha"I6HHH (IO), (20) 

.n;oonpe.n;eJlf!eTCH YCJIOBH6M HOJMHPOBRH 

·. JV . .If Xm Z 25"'°,_,2. 
:f,, (E.j➔cx))=l~--1 = L [ 5 Jj (x)dx+s f (E,.x)clxJ-1=q<2I) 

'f j=1. '.J J=-1. 0 x,,,, j 

"' 
r.n;e 1✓· (£, ::C) - ll8B6CTHM 8CllMilTOTHR8 pemeHllH CHCT6MH (IO), 

rJiaBHHe "IJISHH ROTopoti HMem BH.ll (I4) n (I6). KoHcTaHTH S· npn 

peru6HID!X B 88RPHTllX R8H8JI8X onpe.n;SJIHKYl'CH ll8 ycJIOBIDI CIDllB8HllH 
~ 

.fJ (Xm) = S·h· (E,xm), (22) 

a B OTRPHTllX R8H8JI8X IlOJiara!O'l.'CE paBHllMll HYJIIO, !IOCJI6 HaXOJK,IC6HHH pe

ill6HllH, B OROH"IaT6JlbHOM pesyJibTaTe CJI6,1JY6T nepenTH R HOPMHpOBRe, H6 

saBHCHlI16H OT BH6opa X117 , H8Ilpl!Mep, R HOJNHpoBR6 Ha e;D;lrHH"IHYIO 

8MilJIHTy.n;y (I6) B TOM HS OTRpHTllX RaH8JIOB peaRUIDi, .n;)lR ROTOporo BH-

,' "IHCJIH6TCE mHp.rrHa p080H8HC8 r; no !foJNyJie (I9). 

C!fOJNYJIHPOBaHHyro T8RHM o6pa30M sa,n;a-qy H8 C06CTB6HHH6 8H8"I6HM 

(IO), (20), (2I) MOJKHO CB6CTH R pemeHHIO (fyHRUHOHaJibHOro ypaBH6HHH 

!/(<:l:)=0, ::f = ( E, j (x))_ (23) 

3,IC6Cb y; 06DSH8"I86T COBORYilHOCTb (IO), (20), (2I) onepaTOpOB 

ff)= { !fou) , d.. = I, 2, 3, 4; _ l = I, 2, ... , .IY, OTo6puuuo

lllIDC MHoJKecTBD aJieMeHTOB :;£ = ( E • .J Cx)) npocTpaacTBa .fl= 
== R xC 2

[ O,x111 ].rf" c acm.inTOTHROtl: ~YHRUHH A-(X) "-J X L+.i 
.-:t➔ O 

10 

,, 

1 

I, 

B npocTpaHCTBO J(> X C [ 0, .Xm] .rr- • B COOTB6TCTBH6 ypaBH61lIDO 

(23) CTaBHTCH 8BOJlXJUHOHHO6_ypaBH6HHe,3aBHCR~ee OT H6ROTOporo nenpe

pmJHOro napru&eirpa f: 

CJ/(~(t)) 1:=·- Cf(~Ct)), o~t<00 • c24> 

Ilp.11 ,ICOCT8TO"IHO 06111IDC npe;n;aOJIOJK6HHHX O ,n;ng;q·epem:i;1f8JlbHllX CBOMCTB8X 

onepaTopa <j? B ORpGCTHOCTH HCROMOro pemerum :lf :f< H CYlll6CTBD-

BaHHH Ha"IaJ!bHOro np.116JIH11t6HIDI ~o R H6MY, -:l.0 = :l(O) = (E
0
,f

0
CxJ)? 

sa.n;a"Ia (24), (25) HMeeT pemea.0:e !l-= ~(t) 
"IeM tm II ~Ct)-~*)] = 0 /II. · 

(25) 

Ilpll BC6X t • np.rr-

+...., 00 

lJ.HcRpeTHOe Ilp0,ICCT8BJI61ll!6 8BOJIXJuiOHHOro YP1lBH6HIDI (24), (25) 

Il08BOJIH6T_IlOCTp0HTb YCTOH"IHBH6 BH"IHCJIHT6JlbHH6 CX6MH Ha OCHOB6 M6TO

,ICOB np.rr6JIHJK6HHOro pemeHHH 8TOro ypaBH6HHH. ~DCTOHHCTBO 8TIDC cxeM 

cocTOHT TBRJKe B TOM, "ITO B HHX co6cTB6HHHe sHa"IeHHH E n co6cTBeH

HHe ~HRUHH h{~) paBHonpaBHH, HBXO.ICRTCE B 6,ItllHOM BH"IHCJIHTSJlbHOM 
t ,, 

npo~cce ll IlOTOMY onpe,ICSJIJI!O'l.'C.fi C O,ItllH8ROBOH OTHOC!iT6JlbHOH TO"IHOCTblO, 

KpoMe Toro, nsJiaraeMHi1 no.nice.re nosBOJIH6T HCilDJ!b80BaTb anpnopayro HH

~op.1anim O pemeHHHX ~H8ll"I6CRDH sa.n;atra npn IlDCTp06HHH H8~8JlbHOro np.rr-

6JIHlt6HHH (25), 

Ilpe;n;ao~arag H6Ilp0PHBHYIO 88BHCHMOCTb !f OT napru&eTpa t 
( 0 :ft< 00), . TO eon IlOJI8I'M - -E =E{t), _/=/Ca::, t ), (26) 

MOlltHO nepettT.II, B COOTB6TCTB.IIH C (24), 1( 8BDJIIOUHOHHOii 38,ll8"I6 OTHOCH-

T6JlbHO (PYHRUHH E{t). Jcx,t) .II 

II 



· f':(t)= (d/dt)E(t-), · 

vex/)= ('iJ/cJt)Jcx,t)~ 

onpe.I(6JieHHDfi B no.nynoJioce S: o~x~ Xm. 0 6 f < 00 
7 

(27) 

[ i L(L t) . '1 .rr, 
Q - x: +2M{E(t)-Y;cxJ)Jt;cx,i)-l f Cx)V: (x})- <28> 
, tf' J=J.. t J 

-2-c::; Q,(x)] '2f.Cx})==-co_(E(t)f➔Cx/))-2M~(t) -I_ ex, t) 
{- r..i c)X, J J1l ' · ✓f.' · • 
J=l J 

Hs COOTHOW6HHH (20) H (2I) C yqeTOM (27) CJ18,Il;,YI!Jl' rpaHH'<iHll6 YCJIOBRR 

[gd.i(ECt)~.'.X, -t-l/E(t-))Jzrcx,t)\ =-Yot/E(t~Jccr;t))-
.:t=t ', ' 

-MCtJ[ cLgoti -.~ + dt.iJ ✓.cx}>j 
I dE <flx cJI: JL . - g 

H attaJIDr YCJIOBRR HOJ:r,UipOBRH 
00 

= .?c- oL 

(29) 

J(" fx"' 2.i"' c)./, (£{t) x) 2L [ J j.C-x,i)?Y.(x)t)dx+ruft)e. J. (E(t)p:.) J , d:x.= 
J=i O J J 1 · J -x I caE (3o> 

' ~ ' ~ = -~ (E(t).fcxl)). 

(3;n;eci, npe,nnoJiaraeTc.R, 'ITO np.11 H8JIH'IHH apryMSHTa f B onepaTopax 

d ~ sq onepaTop -;;r;; saMeH.ReTc.R Ha · cva. · ) •.. 
.Jln.R peweHH.fl sa;u;a-q.11 (28)-(30) B noJiynoJioce S (pac. 2) MOJKHO 

IlpliM6HliTl, aHanor MSTO;n;a IlP.f!MllX .Il)JJJ p6W6HH.fl ypaBH8Hlill B '<i8CTHllX npo

HSBO;n;!lllX/6/' 3RBIIB8Jl8HTHm!: M8TO,Il;,Y ::Jfulepa .Il)JJJ P6I118HH.fl sa;n;a'<IH (24)

(25). IlpH STOM no.nynoJioca s pas6HB36TC.fl IlP.f!MllMR t = t/1, C ma-

roM ,Z-/2.; 

i n+J. = f,, -r'l:' n,, • (3I) 

Ilpe;u;nOJIOlltHM, 'ITO Ha npm.1011 t== tl'L H9B6CTHH 
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,., 

i' 

i 
l 
4,· 

En. =£Ct,), ./,_/x)==fi: (x, fn.). 
Tor;n;a, HCXO.l!Jl HS COOTHOI118Hd (28) H (29), MOlltHO Ha 3TOit IlP.f!MOit npH 

O ~ x ~ Xni, pacc110TpeT1> RJl88BYD sa;u;a-qy OTHOCHTSJll,HO ipyHRmnt · 

27cn (Q:) = '2{ CxJ11,) (i =i, E, ... ,.N). . 
2 ,/11 

[ 1.2 _L(L:1.)+2M(En-YcxJ)1~cx)-Z Ycx)2f. (x)-
a-x a; I. 1 J=i ':J J'l. ' 

Ji d . c1.) c2) 

-2L Q,.Cx)-r: ?J:Jx) ==t Cx)+JAn F (cc) 
J=i ;/ OtX J Vt. ' 

(32) 

[ cl. '11 (:i) (2) 

9~c~)dx+;{JE,,1?t,cx)/ = Golin +fA-n ~i.J-1, 7 (33) 

.:t=t 
r]Jf3 

fl-n = JA,{tn ),. 
c4.) [ d2. 

.f,, Cre)=- c1,.;_2- L,~+J)+2M(En-1(Cx)~]u,C::c)+ 
J(' I If" d 

+ l 1iq·coc>J,
1
.
11

coc)+2Z. Q,.,cx)_, __ A ca:), 
ct) J=i . j=1 ';, u:;c Jn 

J;, (:x,) ==-2Mjin (x), 
c:1.) d . 

~in = -[Joli (E,,)dx + li{t;,)]/2;, (cc)\ , 

d d P o>e= co(. 
G-(~) = _ [ 9o1 .. (E,,) d + td,(E,,)lj -:t)\ 

cl.in,, clE dX, dE. J in C ~= col. ? 

" oC=2,3; g,a=O,ga=:Z:m, 

(34) 

PemeHHe BTOtt sa;u;aqz C H6HSB8CTHl:lM napaMeTpoM /U-n MOlltHO npe~-

CT8Bl!Tl, B BH)J;8 

13 



II 
11 
i 
i 
d (.t) . (~) 

'lfn(x)== 'l{rz (::X..)+('A-n ~n c~),, (35) 

· cm) ·- · 

r.IJ;e iJ:yHH~rn V:n . (X) ( m =:i, 2) JJBJUIIOTCJJ peme.HIDIMH Rpae-

BWC 3a,IJ;a"3 y 
d/' L[L+-1) . ] ('11) ~I ("') 

[oL---r?. - -~ +2M(E,,-v; (r:c))_ 'l{n, (X)7..i Ycx)Zf Ca::)-
x X . ·-1. ':I Jn 

.rr-, c/,_ (m,) (171) J- (36) 
- 2 5" Q,. (a:.)y 2J. Cx) = F (x):, 

L' ':I <XX Jn . 11., 
}=.! 

d cm) cm) 
[(l_,.(E,,_):r + f .(E,Jll{nCx)) -=G. 

dc...1. c:.t,X -. ic1.c. · '.J olc.n • 
C • ' ,~=t 

(37) 

(1.) ·. 
Onpe.IJ;8.711Ul OTCID,IJ;a q;yHHIUIH 2{/2, (X) 

ca.)' 
H lj. (X) Blf'IP!CJIH8M ,n. :, 

napaMeTp jlln H3 COOTH0ll6HWI (30), RoTopoe npH t = tn. npH- -

HHMaeT BH.IJ; . 
.r- a: PO = . 

JJ S "' 2. r = d A· cE x) -f [ f;,/~)1i~)dx~j-An7nJJ:i(E,;)x) ~E" n- dx1= 
J-:1. 0 .x J 

'" ~ (38) 
=-Lro (E j· (x)) · Z :J4 ,,, n , 

r.IJ;e C!in = jjn. ( Xm ) / h (En, Xrn ) • 

!IO.IJ;CTal3JIHJJ B (38) Bl:lpallt6HH6 (35) 1WI . ~n Coe) , OHOH"3aT6JI1,HO no

JIY"3HM CJI6J]yI(J!lYID iJ:op..1yJIY 1WI Onpe.IJ;6JI8Hrut _ rn : . 
f'-n = -1 G.t / c5;·:, . (39) 

r.IJ;S 

14-

I 
:j 
I 
r 
; 

. I 
I 

I 
I 

l 
j 
i 
1] 

j 
~ 
1 
I 
1 

~ ~ . . . = 
5 f r 2 c1.) I . 2. \ ev2 . _7 

6.t,= 0 LJ (hfxY~2/2n,Cx)1ncx))ClX+(jn Jh (E,,,x)dx_i-1, 
J-!.. 0 x,. 
Jf - X., . ( 2) 2. oo c-> (40) 

G. =-I[( -{j (x)V: (x)dx +c.n, rfc-:>. (£ x) 0 J/E,,,a:) Jx]. 
" . ~ J1 II, Jn. J J J . ,,, .Q E . • 

J=J., 0 :t,,., U 

TaRIJM o6pasoM, if,yHIU~llll . 2l'. ex) • sa,IJ;aHHH6 COOTHOll6HHmAH (35) I 
.C./1,, 

IlOJIHOCT!,ID onpe.IJ;6JI6HH 'Ha Ilp.HMOit t=-tn., • .IlJ:rn nepexo,IJ;a Ha CJI6,m'ID-

IJlYID npsIMyD t= t/7,,+j_ MOlltHO BOCilOJI1,80BaTI,C.R npocTeirrnefr pasao

CTHOH annpoRcm.tal.U!efr ;iw1~epeHI.U!aJII,HHX cooTHomeHHli (27) 

E,,_H =En,+~ r n :, - fillf-[(x)~A_.,.,_ ([;C)+,7:11, V:n (x). (4I) 

!IOCROJU,RY npe.D;J:IoJiaraeTCFI' _"3TO Ha"3aJI!,H06 npH6JIHJ!t6HH6 (25) R HCIWMOMY 

pemeHHID 3a,IJ;a"3H H8B6CTHO, TO .. cxeMa CAlliEN. IlOCJI6.IJ;OBaT6Jll,HOrO onpe.IJ;SJie- · - . 
mm ~,f

11
C'X-) 

7 
3a;n.aHHa.R q!Op..!YJiaMH (36), (37), (34), (39), (40), 

(35), (4I), IlOJIHOCTI,ID onpe,ueJieHa. 

Peme1me HpaeBWC 3a)J,a"3 (36), (37) MOJKHO peaJIHSOBaTI, JIID6NM H8-

B6CTHNM M6TO.IJ;OM •• B. CJiy~ae, HOr)J,a Il0T8f!UII8)IH 1{ (:::t ), V. (::c) Q. _ (x) 
C • . , ' ';J , 'J 

sa,IJ;aHH Ta6JlH'IHO Ha H8ROT0po:A C6TRe ysJIOB HHT6pBaiia O .!f X,.; x,.,,, 
U6JI6C006pasao HCilOJI1,80BaTI, HOH6"3HOpa8HOCTHYID annpDRCm.18IUIID 3THX 

Hpa6BWC 38.IJ;a"3 R aJirOPHTM MaTpP!"3HOli npox:OHR.a,1
7/ 1WJ me pelll6H.IDI. 

4. Ilpm.t6H8HP!6 CX6MH CAMEN B 3a,p;a"38X M630MOJI6HYJIHPHOR 

, cJ;H31ll{H 

HeRoTopue oco6eHHOCTH peaJIHsaIUIR cxeMu CAMEf/(B -gacTHOCTH, 

IlOCTaHOBRY rpaHH"3HWC ycJIOBml:) npocJI6.IJ;HM Ha npm.iepe IJH'gHCJI6HIDI HBasPI

CTaIUIOHapawc ypoBH8H M630MOJI6RyJI BO.IJ;OpO,IJ;a. 
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., 

B ,IU!yxypoBH8BOM llJ)R6.nmtemm a,nHa6aTITT6CROro npe,ttCT8BJ18IDUJ 88-

,JJ.a'IJH Tpex T8JI sHeprmr E
0 

RB88lICTaIJ;HoHapHux: cocTonmrtt M680MOJI6RY~ 

C fl~aMH pa8Jll!IJHUX: HSO'l'OllOB BO~po,JJ.a H8XO,nRTCfl HS OHCT6NN ypaBH6Hm\ 

(IO) nplI .r( = 2. Bupal!teHHH }1)U! llJ)RBe.neHHoff 11accu M lI s1Me1mm

Hl:llC llOT6HUH8JIOB V. (X), 1C (X.) lI QiJ (X) CHCT8MN npJIB8,n8HN B 

pa6oTe/8/, B ROTOpo~ HSJiaraeMM CX6M8 6wm lIC~OJll,80B8H8 JI}fII H8XOJ!t

]J.6HM ,IUICRpe'l'HllX ypoBHett M680MOJI6RYJI BO~po,JJ.a. 

Acm.m'l'OTHRS llOT6HIJ;H8JIOB l{ (~) }1)U! paCCM8TpaBa8MOrO CJIY-

'IJM HN66T BH,It 

l[cx) ~ 
(X-,.PO 

-'I -G 
c.ftx +c-6.x ~. (42) 

C4 ==-9/LJ 
7 
~ =-15/~- (43) 

1Iepes B8JIH'IJHHN C7' H C6' onpe,tt6MJOTCfl RO~lIIJ;ll'.6H'l'N 8CHMllTOTII'IJ6-

CROrO J)88JIOgE1HIUI pemerum J(CC)-= (f.t. (OC), /.2 (a:.)) · -.UJIOTI, ]J.O 
-{; 

'IJJl6HOB <"3 X • 

B SSRJ)UTOM R8H8JI8 
, G 

/4Cx) == cexp{-~x~f,ptn x-: (44) 

r.ne an onpe.zt;JI8Hl:l :a /I/; 
:a OTRJ)NTOM R8H8JI~ C 1 = k~ X) 

"" 11,+f [ 3 -2s "I -2s1-1 rJ 
Jicx)=(-) A (-1.+kds~ )r:osfJ-1{)+-{;,:~s~Jin{j-'{;_j~45) 

Ros~RIJ;H8HTN P88JIOJ!t8HHH (45) paBHN: 

di=~ C;. (L(L+t)-2), 

16 

~ ==; [2Mk:e>1 C~+-6eC?CL+i)-12~~ 

d 1[ 'f . .2. il 
3 = 12 2MkJ g.t Cb+-2MkJ { C~-t-~(L(L+-i)-30)J, 

ti== L(~-1-1)? 

~.e = ~ ~Mk;ct-ct:(L(L+-1)-6~? (45a) 

g& == 1~[2Mk1.~Cr,-2Mtc,r4.-~ (L(L+.t)-20]:, 

-Gt==-1~ [lMk.t~c4_ +2Mk}~J.e+~(L(L+1)-Lt2)]. 
IlOCJI6.ItYIOO(R6 RoacMm:meHTN pa8JIO!t6H.lifl (45) )16rRO H8XO,nRTCfl npu llO]J.

CT8HOBR6 ero B ypa:aHeHue (IO) -gepes Roa@:11uneHrn (!
8 

( S > G) pa3Jio-

lK6Hilll (42) }J)U! IJOT6HIJ;H8JI8 l{{X) • , , . · 

HOJMHp0BR8 qiyHRLUrn :t, (X) B nponecce BWIHCJI6HIDJ onpe,n;eJifl-

6TCfl COOTHOID6HR6M 
X oo 

J m2 2,Jr---2 I _;4cx)olx +- c ._/2CE,x)crx = i, c46 ) 

0 • ~ x,,, 
r,tte C == /2 Cxm) f /2 ( E, :x:1>1) • 0ROHtJaTeJI1,rum pesyJII>TaT HOJMH

pyeTcn YCJIOBH6M 
"'1 

,h_ (::C~)=-j
1 

(E,DCm) (47) 

npu A= I, ROTopoe Heo6xo,Il;l1Mo ]I)IR BWiliCJI6HHR I' no q;oJMyJie (19). 

Ha PHO• 3 npe.n;cTSBJISHN BOJIHOBN6 ifyHJ(IJll.11 RB83HCT8IJ;UOH8J)HOro 

ypOBM /1,. = 0 M630MOJI6RYJIU d 0 B COCTORHliII 'C IlOJIHhlM MO

MSHTOM l = 3. Jv.m aToil CHCT6MN .M =I0,894, a BITTHCJI6HHH6 sHatJeHRn 
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ij 
,! 
I 

J 
:1 

:; 
" 

ti, 

I. 

3 

2 

oV 1 :::::::----.> I , , , X -- < - > 4. • 

-1 

P.1rn. 3. B0JIH0B!ie qiyHKl.{HH KB8811CT8l.{H0H8PH0ro C0CT0RHHH J.1880M0JI81(y-

JI!i d~ (M=I0,89, l =3, tl=0):/2 (-x.) - pememrn B 

0TKPiiT0M KaHane, j 2 (X) - B aaKpuroM. 

;uo-2 

M 

-1 

-2 
'"\ 15.0 

-3 

PHC. 4. 3aBHCHM0CTL aHeprHH Eo H mHPHH!i r Kl!88HCT8l.{H0Hap

H0ro yp0BHR n = I, L = 2 01' 8(QqJ8KTHBH0U M8CC!i f1 88.z18llH 

B6JIH3H rp8HH1.tli KOH1'HHYYM8. 

II 

~ H I' paBiutc): 

E
0 

= 4,6·10-3 , I' = 5,3•ro-4. (48) 

llpyroti cnococ5 Il0CT8H0BRII ,rpaHlf<,HHX YCJI0BHH B 0TRpblT0M RaHaJie 

HCil0JIL8Y6T M8T0,ll; ~aaomnc IB7HRIJ;IIll/9/, R0T0I)Hll ococ5eHH0 HarM!,nea ,Il)lfl 

o~oro ypaBH6HHR. B ST0M CJ'!yllae pemeHHe ypaBH6ID1J'! (I) li ero Il6PBYIO 

npoRSB0~YIO M0J!lli0 npe,ncTaBHTl>. B Bli.TI:6 

/<x) =Acx)[ cosB;_Ckp:-)j/bx)-sin{Ck,x)1_Ckx~, 

j{x)=kAcx)[ws0_Ck,x)j/k;_)-scn0_ (k,x)n; (kx~_, 
(49) 

r~ }L (kx) .PI _n.L(kx) - q:yHRUM Pm<R8TII-EecceJIR, H0PAHPDBBH

HllS 8ClIMilT0T~6CRfl14 YCJI0BHSM (3) npn ·8;_ck)=O ,I!)l.fl J~(kx) 
.PI 8H8JI0r~HI,1M ycJI0BHeM ,Il)lfl nl ( kx) C. 8aM6H0H 

sr:.n (kx--LJ)➔ - cos( k:i::,-';[). ~aaoBaR !IYHRmm ~ ck,x) 

y,n0BJI6TB0pR6T yp8BH6HHIO: 

. d r;:- /'I.. ·)- 2M Vcx)r, g, • ' ~ j2 
- al 1.~,x r - , k . LCOSo(k,x)r r.kx)-Stnor:k,.x)12Jkx (50) dx l <fl i , 

0. Ck, o)= o,. ., 
a HCR0M8R ~aaa onpe,neJllleTCR paBSHCTB0M q_ Ck)==~ ( k, oo). 

x) Peaym,TaT npHB6,ll;6H B 6,II,IUUU~ax 88,ll;8lllI. CO0TB6TCTBYIOJ!IH6 BSJI!fqHHH 

B 8JI6RTp0H-B0JlJ>T8X paBHH: 

E. = 25,2 aB, I' = - 21 9 aB. 

IlpIIB6,ll;6HHfl6 8H8ll6HHJ'! Bli'!HCJISHH npn Bfl00pe rpaHH'lH0U T0llRU 

xln = 40 H mare pa8H0CTH0fi CSTRH · h = o,I. 
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Ilpn 6om,I!lMX, HO I<OHStJHIDC X=Xm. q:asy, COOTBSTCTBY!OOIYBl 1rna-

811CTaUHOHapHOMy COCTO.SUllllO, MOlKHO npe,n:cTaBHTI, B mr,n:e 

5;_ ck, Xm) = ?L(n+ 1/,e )+ G 
7 (5I) 

r.n:e c= c Ck, Xm.) << i . IIo,n:cTaHOBRa (5I) B (49) H (50) DPllBO,n:HT 

(c TOtJHOCTl>Bl ,n:o tJJI6HOB "-" e2 
) It CJIS,llyJOO!HM COOTHOIIlSHRRM ! 

,/. I ./ I . j(x)/jcx) =k S~/1,c~O)-cascnLa) ,g~kxm, 
. . .X=Xm SlticjL CJ )-cci.se nL (3) 

. oO 00. . ' (52) 
2 -f .2 -, 2. 

G ~ .ZMJ Vcx)n:{kx)ol~ ~2Mk] (cf3 +kcc3 )tzL(j)dJ. 
k x,,, ·. . ·. J 

!IoJiaraJI G = 0 , npn,n:eM u rpaHHtJHHM ycJIOBMM, ROTOI)He n:cnoJI1,

SOB8JI IIHR/4/ B TOtJRS .X=~3 (cM. pn:c. I). J!erno mr,n:eTI,, O,ll;ElaRo, 

tJTO npn X-=tt"3 ~(L+'1/2 )/k BSmrtJHHa -3:::: L + 1/'.e H B o6UlSM 

k2 -'t 
cnytJae c ~ 2t1 ct~ =I= O 

06a BaPllaHT8 rpaHil'IH!llC YCJIOBHil: (45) H (52) npn Bli'IBCJISHIDI RBa

SlICTaJ:U,!OHapHoro ypOBWI l = 2, /2. = I MesoMoJieRyJIH tt JU' npmiemi: 

1( COBna,n:aIO!Iti™ pesym,TaTaM: 

E = 8,25•I0-4 ( E = 4,55 aB), 
0 0 

(53) 

I' = I,98•I0-4 )i = I,I aB). 
£

0 
coBnaAaeT c BHtJHCH8HHHM paHee I no M8TOAY wasoBwc WYHK~H~. 

CooTBSTCTEYIO!lla.fI STOMy ypomuo BOJIHoBaJI q:yHRJ:U,!.II ~ (oc), HOp.lH

poBaHHa.fI ycJIOBHSM (45) npn: A = I, n: sq:q:eRTHBHHfi noTSHUHaJI 

qcx)=2MV(x) npe,n:cTaBJIO!Ul Ha p.rrc. r. 
Becl>Ma liHTSpeCHO lll)OCJIS,n:HTI, SaBHCilllOCTH BSJIJttJHH. ~ H r OT 

sq:q:eRTHBHOH MaccuM , ROTopue npe,n:cTaBJI6HH Ha prrc. 4. HatJ8JU,Ha.fI 

TOtJRa (53) cooTBSTCTBY6T RBasIIcTaJ:U,IoHapHOMY ypoBHro CHCTSMl:l flt,, 

20 

(M =I3, 54). Ilpn .YBSJIHtJerum M sHeprIDI n: rnn:pHHa pesoHaHca yMSH1>

mamcn n: o6pamamcn B .HyJil> npH M ~ I4,27. Ilpir ,n:8JU,HSlilll6M yBe)IfJ.tJe

HRH M ypoBSHl> cTaHOBHTCJI cTaJ:U,IoHapHBM, a ero :rneprHJI pacTST nprr

MepHo nponoprmoaam,Ho Maces. 

5. B1:16op HatJaJIMOro npH6JIIIllt8HHJI, TOtJHOCTl, Bll"'lli_CJI6Hfl.il: H 

xapaRTSpHCTHRH CXO.I(HMOCTH MSTOAA 

Ilpn 60Jil>llllllC £,, lI r B ItalJSCTBS Ha-qam,Horo npn6JIHllt8Hlffi ,Il)llt ' 

j ('X) MOJKHO npHHJITI, cHHycoII,ny (I6). IlpH MaJil:lX £0 fl. I' ' RO~ 

lJ;3. BH.D: BOJIHOBOH ~YHRUHH B 06JiaCTH ,n:SHCTBIDI TIOTSHIWaJia CHJU,HO OTJIII

tJaSTCJI OT ac.llMTITOTWISCitOrO (I6), MOl!tHO np.llMSHllTl, MSTO.D:, II.D:6JI ROTOpo

ro BHXOMT R EeTS li IIai!:epJICY H COCTORT B CJI6.JJYIOlll6M /IO/. IIpH E-o 
BOJIHOBa.fI WYHRJ:U,!.II RBa3HCTaJJ,HoHapHoro COCTO.IIHH.II B 06JiaCTH ,n:eil:CTBHJI no

TSHUHaJia H83HatJHT8Jll,HO OTJIHtJaSTCH OT BOJIHOBOii <fYHRJ:U,!H CTaJJ,HOHapHoro 

cocTom{HH c aHeprnail ~t =-£
0 

• 8HalJeHHS Est H cooTBST-

cTBYI!llilYBl sMy WYHRUHBl B o6JiacTn: O!!, X ~ ~ 3 MOl!tHO HallTH, pe-

mM ee C rpaHHtJ!llf4K ycJIOB.IIJIWJ: (I4) B o6omc ll8H8Jiax. (B1:16op H8'1J8)U,~ 
4 . 

noro npn6JIHXSHruI B CTaJJ,HoHapHWC aa,n:a-qax no,n:po6Ho o6cyx,n:aJicJI B pa6o-

Te/I/), IIonylJeHHUa TaRHM o6pa30M pemsHIDI npo,n:OJilltaIOTCJI saT~M Ha HH-

T8Pl38JI .X3 .$:- X ~ Xm, no q:opayJiaM (I4) (B saRpuTOM RaHaJie, 

~YHRUlffl ,/2Cx) ) n: (I6) npH sHalJelllill £
0

=-Est , (B OTRPHTOM 

RaH8JI8, qiyHRJJ,HH jJ. (x) c, ) , KaR-IlORa31:lB~8T ODHT Bl:ltJHCJISHHii, Ta

ROH 1:3116op HatJaJII,HOro npH6JIHllt6HruI,06ecnstJHBaeT YCTOitlJHBYBl CXO,n:HMOCTI, 

nocJie,n:oBaTSJll,Hl:llC npH6Jll!llt8Hd (4I) R pemeruno HCXO,nHOil: sa,n:alJH. 

OcHOBOff CXSMl:l CAJ.!EN .IIBJIHSTC.II nporpaMMa pemeHRH JIHHell!mx rpa-
.. On) 

HK'IHl:llC.Sa,n:a'IJ (36), (37) OTHOC.HTSJU,HO, ~HRJ:U,!il: ~n (::ic) npir q:HR-

c.l!pOBaHHOM 3Hatiarum Il8PaM8Tpa t = tit • l1x: pemeHRe OCY!l{SCTBJI.IISTCJI 
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C nOMO!JtI,D anrop1:1TMa nporOHI<l:I. H8MJ:1,6Wia 1:1cnO}ll,80BaHa I<OHeqHO-pa3HO

CTH8Jl annpoRcm.ia~ C P8BHOM6PHHM maroM /2 BTOporo nopR,Ir;Ra TOqHOCTl'I 

no ft t DOCI<ORDI<y 3@;6I<Tl'IBHH6 nOT6HIWaJUI l:ICXO,lJ,llOH sa;zi;aq1:1 {IO) sa

,IJ;alili Ta6~HO Ha P8BHOM6pHOfi C6TR6 ysnoB. 

B l{aqecTB6 B6JIIiqHHH, xapaRT6Pl:13YICl!lSH CXO~OCTl, Bl,Jql:ICRHT6}1l,HO

ro npoo;ecca no napBMsTpy f , I<8R 1:1 B /I/, BH6paHO sHaqeHHe 

Cl) ➔. 

~ == n;,~x / (j?h. ( En,fn (xk))j, (54) 

Ci) ·· -➔, 

r;n;e fJi (En, f (I. C a:k))) ~ ROHeqgopasHOCTHlitt onepaTop 

¼(•(~.1nc~)):.,A-2[hr/;k;k)-2J,icc1)+:fin(xk-h~.~ 
r L(L+t) . . ~ . .n 1 

- L .xf +2M(E11-1(cxk))Jf,,/~)-l~c~)411Cxk)- (55) 
J{" j=1. 

_ z_ aiJxk)[f,. cx1t-t-h)- t.. cxk-/2.), 
. J Jrt FJ,n · ~, J=i 

annpoI<Cl:IMHpyJOOtltll: · (IO) c ToqgocT1,D nopiJ,Ir;Ra 0( /2 e) • Y cnoBHeM 

OI<OHqamm npoo;ecca BH'Il!C}ISHl:IH JIBM6TCR Blill0}1H6HH6 H6P8B6HCTBa 

8;; < c,, r;n;e G > O H ;n;ocTaoroqao i!ano. Illar <tn. no riapaMeTpy i 
BH61:!p86TCR B 3aBl:ICHMOCTl:I OT CI<OpoCTl:I CXO~OCTl:I npoo;ecca 1:1 nonara

'eTCR paBHHM 'Z"n. = 'Ln-1s:i-1 / J:. 
B paMRaX Jr3}1araeMOrO M6TO,IJ;8 ~HI<IJ;l:11:1 ic:. (X) Bl,JqJ:ICMDTCR C 

Tott lite ToqaocTliD, qT·o 1:1 ::rneprRR £ . O.nnaRo ·. MR· nonyt1smm Hop,rn:

poBaHHHX .Ii;oJllltHi:iM o6pasoM CIYHI<IJ;HH B OTI<PHTOM RaHane (To ecT1, c e,ItH-· 
~Hofi 8MD}!J:1Ty;n;ofi np1:1 X ~ 00 ) aso6xo~o TO'!IBY .X~ , B I<OTO

po:!t B1,Jq1:1cireHHue ¢yHI<rm1:1 cm1:1BamcR 6 acHMnTOTHRoi (45), BH6iipau .IlP

CTaToqgo ;n;aneRo (ocoOeHHO npi: MilnHX 8Ha1JeH1:1RX E , TaR RaR Toq-

Hocu cm1:1BaHm:r ~2Mk
25-<;,, r,lle 3 = k:x:m. · ) • 
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B T86}!J:IIJ;6 I npe,IJ;CT8B}l6Hhl :maqerum £;, 1:1 ./ (X) MR RBas1:1-

CTaIJ;1:10H8pHoro COCTORHRR fl = I M630MOJI6RYJIH tt JU' C nonm,M MO-

M6HTOM L = 2 B saBHcm.1ocTH OT BH6opa mara pa:3HoCTHOM ceTRl:I Ji 
H rpaHl:lqHo:!t TOqRH .Xm, • H3 Ta6Jil:IIJ;H BH,lJ,110, qTo 3Haqsm.m j(x.) sa-

Bl:IC.IJT RaR OT /2_ , TaR H OT xm. • 3Hspnm Eo 38Bl:ICHT OT Bh!6opa 

Xm, H6CR0Jll,RO cna6se H Bl,l'IHCMSTCR C Y.JJPB}l6TBOPHTS}ll,HOH ToqHOCTl,D 

,IJ;8llt6 np1:1 .x'nz < .XO • B C00TB6TCTBl:IH C 06IIUlMl:I OIJ;SHI<8Ml:I/II/ TO'lHOCTl, 

BH1J1:1cJisH1:1fi N h2 
I'! co~T8BJUIST ~5·I0-4 npa B116ope Ii.= 0,OI 1:1 

Xm, = 30. 

HaI<OHSIJ;, npE:Be;D;SM HSROTOPHS BSRffqllHhl, xapaI<TSpll3YIO!lll:IS BITTllC}ll:I-

TS}ll,HHH, npou;ecc MR cnyqan MesoMORSRYJUI df /A" ( l = 3, /7, = 0, 

M = I0,89). Ilp:0: napaMeTpax .ceTI<ll lz. = o,r, Xm- = 40 rrpou;ecc 

cxo,IJ;1:1Tc.1J sa mo 1:1Tsparmtt , ecirn CZ: = o,or. HsMsna ,If)l,IJ na'lan1,-

Horo np1:16Jill~SHll.lJ, nocTpoSHHOro ll3}10~SHHUM BHillS cnoco6oM, COCT8BM6T 

8,, = II.8. B npou;ecce BITTliCRSHl'IH OH8 ;D;OCTl:lraeT BSJil:l'lllHH 

- ff IO0 = 3.6·IO-IO. BpeMR BwrncneHM E. M i(,c,) Ha :rnsI<TpOHHofi BITTl:IC

JlliTS}ll,HOfi Mallll1H6 ClP-6200 C BH,ll8'1S:!t npoMe~yToqHoit l:IH~OpM8IJ;l:11:1 0 cxo

" ~OCTll npou;scca COCT8BJUIST ~ 2 MllH. 

6. 3 a R }ID~ e H H 6 

Ilps;D)laraeMlitt anropl:ITM CA!.U:N pG8}1H30B8H B BM:J(S Il8I<CT8 npo-

rpaMM, H8IJIICaHHHX Ha R3HRS FOR'rIU\.N • OcHOBY Il8R6Ta COCT8DM6T rro,n-

nporpaMMa SLIPl /I2/ MR pGIUSHAA sa.u,aqn (IO), (20) B CRyqas .JV= I 

1:1 aHaRornqHa.lJ no.nnporpaMM8 ,If)l,IJ Cl1CTSMH ypaBHSHIIB IIPII ft= 2. risna

raeMHfi MSTO,Il; pem6HHR 011:CTSMH ypaBHSH:lit lllpe.romrspa 6wr llCDO}ll,30B8H 

,II)lR BITTncnsHHH cTarmonapmnc/8/ II RBa3ncTarmoHapm{}VpoEHcti MssoMo

nsRyJI. Bo BC6X cnyqa.lJX M6TO,Il; IlORa3aJI BHCORYJO a<rq:SRTitBHOCTl, 11 YCTOii

'lHBOCTli. 
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