
I 
• 

J 

06'hE.UHHEHHbU1 HHCTHTYT 51.UEPHbiX HCCJlE,UOBAHVtVt 
na6oparopHR reoperHqeCKOH ¢H3HKH 

6.M. 6ap5a u.o a, r .B. E cp HM O B 

P-762 

CBOJ1CTBA PEWEHVfH YPABHEHVfH nOY 
JJ.nH OJJ.HOJ1 M OJJ.EnVf 

nOKAJlbHOVI TEOPYf Vf nonH 

.Uy5Ha 196 1 .. 



E.M. Bap6aJ.LOB, r.B. EcPHMOB 

P-762 

CBOtiCTBA PEWEHMH YPABHEHMH noy 
lln.H OllHOti MOllEnM 

nOKAnbHOti TEOPviM non.H 



pac-

aaxo-

cnpa-

)Be ra-

lbl OT . 

BBe.Qeane 

Bo MHornx pa5oTax
11

•
2

•
31 

nccen.QoaancH Bonpoc o aeo.QH03Ha'IHO.CTM pewe­

HHH ypaBH9HI:!.ll noy .QJ!ll aMllJIHTY.Qbl pacceHHHll. Ha llpi:!Mepax TO'IHO pewaeMb!X 

M0.1l9Jieit ObiJIO yeT a HO BJie HO, 'ITO U 9JIOMy Knaccy raM I:!JibTOHI:!aHoB, OTJIH'Ia lOW I:! X­

Cll .llPYI" OT .Qpyra Ha5opoM COCTOHHI:!fi, B KOTOpb!X MO)KeT HaXO.QI:!TbCll· paccen­

BaTeJib1 COOTB9TCTByeT O.QHO ypaBH9HMe noy C MHOI"03H8'IHb!M peweHHeM. KpoMe 
Ill 

TO!"O ObiJIO llOKa3 aHO , 'ITO .QJ!ll 3apll )i{ en Hb!X M e30HOB C cpMK CMpOBaHH b!M HyK-

,IIOHOM peweHI:!ll ypaBH8HHll noy CO.Qep)KaT O!"paHH'IeHM.II Ha KOHCTaHTy CB.II3M gr 

H e,llaBHO ObiJIO o5paweno BHIIMaHrre Ha To, 'ITO no.Qo5Hbie orpaHH'IeHHH Ha Koac­

TaHTy CB.II31I MO!"yT B03HMK8Tb He TOJ!bKO .QJI.II OT ;m:eJibHb!X MO.Qenefi, HO 1:! B TO'I-

HOI! Teopim II3 aH8JIII38 .Q IICll epCIIOHH b!X COOT HOW 9HHl! .QJI.II 1T-N 141 
pacce.HHII.II 

8 CBH31I C 9TMM B03HMKaeT MHTepeCHhll! BOllpOC, .IIBJI.IIIOTCH JIM 9TII ~rpaHII'I9HM.II 
pe3yJibTaTOM OOIUIIX llpMHUMllOB, IICllOJ!b3y9Mb!X llpii Bb!BO.Qe .QMCriepcHOHHb!X COOT~ 

HOWeHIIl! M ypaBHeHM.II noy, MJIM pe3yJibTaTOM TeX ilpHOJIH)KeHHl!, KOTOpb!e np!I · 

aTOM .llenaiOTc.H. TaKMMM npu5m1*9HI1.1IMM ffi3n.HIOTc.H: 

1/ 3aMeHa TO'IHO!"O COOTHOW9HM.II YHIITapHOCTII ilpMOJII1)i{9HHb!M C y'IeTOM 

TOJ!bKO .1l BY X'IaCTII'IHO!"O npoM e)KyTO'IHO!"O COCTO.IIHI:!.II I .QByX'IaCTM'IHa.II YHMTapHOCT!;o I 

21 OrpaHII'Ienue KOHe'IHbiM 'IMcnoM napurranbHbiX BOJIH B aMnnnTy .Qe pac-

C9AHIIH. 

151 
B pa5oTe XancprrHa yTBep}K.QaeTc.H, 'ITo BTopoe npe.Qnono*enue coB-

M9CTHO C Upe.QUOJIO)i{9HMeM 0 UpOII3BOJ!bH'OCTII KOHCT8HTb! CB.II3M 
MO)KeT 

UpMB9CTM K HeCOBMeCTMMOCTH .QMCnepCMOHHb!X COOTHOW9HMH M COOTHOW9HH.II YHH­

Tapi!OCTII. B pewaeMbiX Mo.Qen.Hx, r.Qe OObi'IHO B paccesnurr y'IaCTByeT TOJibKO 

s MJIH p - BOJIHal, O!"paHII'IeHM.II Ha B03HMKaiOT II3 

TO'IHO!"O peweHMH ypaBHeHM.II noy. 8 .Q8HHOfi CTaTbe paCCMOTpeH MMeHHO. TaKOH 

cny'Iali • 

.[{anee B cTaTbe Ha ocnoBe peweHH.II ypaBHeHH.II Wpe.QMHrepa . .QJI.II .QaHnoli 
16 I 

MIQ,lleJIM OUeHeHa ·pOJib MHO!"O'IaCTH'IHb!X BKJ!a.QOB B aMUJIHTy.Qy pacce.HHI:!.II
1 

noKa3aHo, 'ITo .llJI.II sneprnli MeHbWe nopora Heynpyrux npoueccoB 

BKila,ll Bb!CWHX COCTO.IIHHH He npeBOCXO.QHT 15% 
w < 21!-
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1._ M o.oenb 11 yp~BHeHIIe Ha aMnniiTY .oy pacceSIHIISI 

M bl 3.lleCb paCCMOTpiiM ypaBHeHIIe noy Ha aMUJliiTY.llY pacceSIHIISI .llJlSI o.o-

161 
HOfi npOCTOfi MO.lleJlll Teopllll UOJlSI C ¢11KCIIpOBaHHhlM HYKJlOHOM • raMIIJlbTO-

HIIaH CIICTeM bl liM eeT Bll.ll: 

+ . ....... ...... ....... 2 ...... 
li=m

0
(t/f t/J)+~ fdx [rr2 (x)+(\q)(x)} +ll2¢2(x)]+ 

Ill 

+.g (t/1 t~ tjJ) Jd~ ¢(~) 8(~) + \m0 (,// r
3

t/J) 

HeUO.llBII}KHblfi HYKJlOH MO}KeT HaXO.lliiTbCSI B .llBYX COCTOSIHIIS!X lnpoTOH, Jiefi-

TpOH I, OTJlii'IaiOIUIIXCSI no Macce mn = m0 + \ m0 ; m = m - t; m 
vP on 0 0 

/HOJliiKOM OTMe'!aeTCSI,Macca I'OJlOI'O HYKJlOHal. ~3-3a HaJlii'IIISI 9TIIX CTeUeHefi 

cBo5o.obi y HyKnoHa B03MO*Hbi npoueccbi. ynpyroro 11 Heynpyroro pacceSIHIISI Me-

. 16 I 
soHoB Ha HyKnoHe. B pa5oTe aBTopo~ 5hlno nony'IeHo, IICXO.llSI 113 raMIIJlbTo-

HOBa ¢opMaJlii3Ma, BbipameHIIe .llJlSI aMUJliiTY.llhl ynpyroro pacceSIHIISI. 

B .oanbHefiweM Mbi aocnonbsyeMCSI 9TIIM BbipameHueM .onH cpaBHeHIIH ero 

c aMUJlliTY.llOfi, nony'IeHHOfi 113 ypaBHeHUSI IIoy. npll Bb!BO.lle 9TOI'O ypaBHeHUSI 

M bl 5y .ll eM IICXO.ll UTb U3 .lliiCUepCIIO HHOI'O COOT HOW eHIISI Ha aMUJlU.Ty .llY pacceH:-

HUH l3aMeTUM, 'ITO B 9TOfi MO.lleJlll B03MO}KHO TOJlbKO s -pacceHHIIe I. 

\1 (w) = 8 N g; [ _1 ___ 1_ ] + 
N C2rr)32w w-,\ w+'\ 12 I 

00 . 1 1 
+ _1_ J dw'w' Im \1N(w') [ , , + __ ] 

rrw w -w-u w'+w ll . 

' 1N ( w) -aM nn11Ty .oa pace eSIHHH M e3oHa c :a He prHefi 
·w = V ll2 + K 2 Ha HyK-

noHe 

TpOHa ": 

~ = p,n 

·\ =.mp- mn 

i\ -pa9'HOCTb Ha5JliO.llaeMbiX Mace "npOTOHa" Ii "Hefi­

KOTOpaH onpe.oenHeT nonomeHIIe o.oHoHyKnOHHoro 'lne-

Ha; g, ·-Ha5niO.oaeMaH lnepeHopMIIpoBaHHaHI KOHCTaHTa B3aUMo.oeficTBHH. O.o­

HOHyKJlOHHbifi 'IJleH MeHSieT CBOfi 3HaK B 38BIICIIMOCTU OT TOI'O, ll.lleT Jlli pacceH-

Hlle Ha npoToHe ~ =p 11 8 =+1 111111 Ha HefiTpOHe 'l"=n· II 8=-1 
r n 

Mbi npe.ononaraeM \ < ll , TaK KaK B npOTIIBHOM cnyqae IIMeJlOCb 5bi lleCTa-

5UJlbHOe COCTOSIHIIe y HyKJlOHa m > m +ll 
p n 

, KoTopoe pacna.oanocb 5bi Ha 

"HefiTpOH" Ii Me30H, 

Bo, 

r.oe a1 

./31 B 12 

'I aCTII'IH bi 

HOe COOT 

KOTOpoe 

Bane ~ 

orpaHII'Ie 

y5biB8Tb 

,CneJ 

onpe.ttene 

xln 

Ecn11 BBe 

6onee np1 
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xl Bocnonb30BaBW HCb COOTHOWeHHeM YHHTapHOCTH 

131 

-BKna.l:(bl OT HeynpyrHX npouecCOfl, Mbl nony'IHM
1 

OO.llCTaBnHH 

131 B 12 I ypaBHeHHe noy Ha aMnnHTY.llY , ecnH npeHe5pereM MHoro-

'18CTH'IHbiMH BKna.l:(aMH a N(w) o 3.lleCb Ciie.llyeT OTMeTHTb 1 'ITO .llBYX'I8CTH'I-

HOe COOTHOWeHHe YHHTapHOCT.H 

141 

; ·~ l 

KOTopoe cnpaBe.llnH':O npH w < 2 II. , ecnH ero paccMaTpHBaTb so seeM HHTep-
,< ~) 1 . ''· ' 

Bane /!~W~oo , HaKna.ll biBaeT a a aM nnHTy .llY. .llOBOnbHO CHnbH ble 

orpaHH'IeHHH. TaK H3 141 cne.llyeT-i ·'ITO Ha 5ecKOHe'IHOCTH He ~O:lKeT 

y5biBaTb Me.llneaaee,· 'IeM 
l 

• Ha 121 H 141 nony'I~eM ypaBHeHHe noy 
W2 

[_l ___ i_ ]+ 
(<) 7,\ (<) + 1, 

+ ~ f dw'K'w' 
2 1\1 N(w') 12 

II. 
---,---1-· --:- + _l - ] 
w'- w-iE w'+w 

2. PeweaHe ypaBHeHHH 151 

151 

Ill 
,Cne.l:(ySl pa5oTe , paCCMOTpHM B KOMnneKCHOlt nnoCKOCTH cPYHKilHIO hN(z) 

1 

·onpe.neneHHYIO paBeHCTBOM: 

xl TC "e e3 \1N('·•) · TaK: nonHoe ynpyroe Ce'I9HHe Bb!p8X(ae Sl -. p ~ 

N ( w~ \1 N(w) I 2 
u w) = --'--!:!-'----'--

71 

EcnH BBecTH aMnnHTY.llY 

5onee npHBbi'IHbiit BH.ll: 
fN(w) =~ '\1N 1 TO COOT.HOWeHHe 131 OpHMeT 

(~71) 4 
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2 

hN(zY= oN g, [ _z ___ z_] + 
( 2 TT ) 3 Z - \ Z + :\ 

161 
00 

+ Srr z r dw K w2 l \1 (w) I'[ _1_. + _1_] 
/1. N w -z w + z 

Yfs 161· cneayeT 1 'ITO hN(z) aHanMTM'19CKaH .~YHKUMH B nnOCKOCTM z 

pa3pe3aM M [ 11., oo ) It ( -ool -/1.] I oona.liaiOmaH CBOltCTBaMM: 

/AI h* (z) = h (z*) ; 
N N 

h (-z)"" -h (z) 
N N 

/B/ h (z) 
N 

perynHpHa npu ·z = 0 1 npu'leM hN(O) = 0 • M o>KeT 

c 

HM9Tb n10009 K0ni'!''19CTBO Hynelt B T0'1Kax w1 Ha OTp93KaX ( IJ., oo ) M(-oo,-/.1.) 

ICI h,v(z) HMeeT non10ca a oonacTH - 11. < z <. 11. 2 . 

fleshN(z) = - .... 
0(~4 .\ z =± .\ 

'>. TT I 3 

B T0'1KaX Z = ± .\ 
0 

I Jl.l npu z ... w cBepx·y, hN(z)-+hN(w)=2w2 \1N'(w) 

/E I 
Irn h (z) = I - 0

N ~ [ '\ + .\ ] + 
N (2rr:J j\-~2 1·\+zj.:r 

00 

+ llrr J d(o) K w2j\1N(w) j.:r[ __ w_ + _w_ ] I Irn z 
11. 1w-zl 2 lw+ zl 2 

, unu Irn h N(z) = ·hN(z) Irn z 

EcnH hN(z) > 0 , T,e. 3HaK MHMMolt '1acTM ¢YHKUMM co•BnaaaeT co 3Ha~toM 
MHMMOlt '1aCTH Z 1 TO CBOit,CTBO /E/ onpeaengeT 0000Ul9HHYIO Jl -~yHK-

UHIO, KOTOpaH H9 MM 99T HHrae Hynelt 3a MCKn10'19HH9M peanbHOit OCM M 09CKO-

H9'1HO yaaneHHOit TO'IKM, K aK BIIAHO M3 /E / 1 ycnoBue hN (z) > 0 BbmonHHeT-

CH AnH "H9ltTpOHa" ~ = n Koraa On= -1 ; LtnH UpOTOHa ~"" p t KOrAa 

Bp '"" + l 3HaKM B npaBolt '1acTH /E I y nepBoro II BToporo cnaraeM biX pa3Hble 

It 3HaK hp(z), 0UpeaenH9TCH B9nM'1HHOlt IIHTerpana ·oT H91I3B9CTHOlt aMUnMTy­

Llbl \lp(w) Mbl npeanono/KMM, 'ITO II anH "npoToHa" \ jz)>O , aTo npeano­

nc;>>KeHHe 6yaeT onpaBaaHo B aanbHeltl.l..leM cpaBH9HMeM nony'leHHolt ua ypaB-

H9HHH /5/ aMUnilTYAh! '\1N((u) anH o6e1Ix 3Ha'1eHMit ~ = p, n u aMnnHTyaolt 
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/6 I 
, UOJ1y'leHHOti a paooTe Ha OCHOae raMHJlbTOHoaa cPOpMann3Ma, 

z ~ cu caepxy, npn cu > J1. 

bae,lleM oopaTHYIO cPYHKUHIO qN(z)==- l . 
hN((J 

UHH h N (z) Cile.llyiOT caottoTaa cPYHKUHH H N (z) 
, TOr'.lla H3 caottc'ta cPYHK-

Ia/ 'fl* (z)= H (z*) _lf (z)==H (-z) 
N N N N 

Ia/ lfN(:z) nMeeT rmroc nepaoro nopSl.llKa npn z ==0 

/c/ HMeeT Hynn a TO'lKSX z= ± .'\ 

.,!!_ l{ N(z)/ - \ 
uz ·- ± 

1. 

I d I n pn z ~ cu caepxy 

lei 111'1 ij (z)== ,\N(z) Im z 
N I h N (z) 12 

1 r 1 npn 

HCKJliO'laH TO'lKH cu· I ' r'.lle 

/e/ MO>KHO 3SKJ110'lHTb, 'ITO UpH 

caepxy 

r'.lle 

T,e, HN (cu1)==oo 

cPYHKUHH ijN (z) 
h N (z) HaJIHeTcH o5o5~eaaott - q>yHKUHeti, 

, 113 caoticTaa 

TSK>Ke KaK If 

111 n OcHoabraa~cb Ha paooTe MO)KHO HanncaTb oo~ee abrpa>Keane .llJ1H 

-¢yHKUHH 'lepe3 HHTerpan CTHJ1Tbeca a CJ1e.llyiO~eM aH.lle: 

• 00 

B:N(cu) == Acu+_c_+ '3 + J ~ [~+ ~] · 
cu 0 z z -cu z + cu 171 

A,B,C - .llelicTanTenbHhre KOHCTaHTh!, 

113 caoticTaa /a/ cne.llyeT, 'ITO B 0 If Ycnoane Ia/ 
6y.lleT. y .llOarreTaopeao, ecnn c f, 0 

Tenepb oopaTHMCH K caoticTay I I 
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l"l liN(w) "'11 
d aN(w) =2TT_x_, w>IL 
dw w 

HCKJliO'l8H TO'lKH w, , rne "!{ N(Wj ) ="" . B TO'lK8X Wj <iJyHKUHH 

aN(w) ,llOJl)!{H8 HCTb!TbiB8Tb TIOJlOil(HTeJlbHbie· CK8'lKH, T8K 'lTOObl ee IIpOH3-

BO.llH8H CT8HOBHJ18Cb 6eCKOHe'lHOfi. npHHHM8H STO BO BHIIM8HIIe, MO)KeM HanH-

caTb: 
~ ' ' 

aN(z) =2" r .lLd·~ +~a, o <~-~,) 
IL w 1 

./8/ 

0, ecnH x <'o 
rne (J (x) = I 1, ecnn x>O 

Terrepb c y'leToM' csoficTB Ia/, /a/ .H I f I <iJYHKUHSI HN 38III"CbiB8eT-

CSI TaK: 

HN(w) = Aw +_c_ +2rrw r ~ [ _1_+ _1 __ ] dz + 
w IL zz. z·-w z+w 

/9/ 

1 1 
+ ~ Ilj[--+---1 

1 Wj-w Wj +w 

' 
¢H3U'leCKU it CM biCJl no SIBHBW efiCSI B pew eHHU /9 / <iJyHKUHH 

S (w) =~ R. [ 1 +_1_], w> IL 
I W•- W W• +w 

6hm pa3'hSICHeH 
131 

I I 

.[lafiCOHOM , KOTOpblll IIOK838Jl, 'ITO S (w) OTIUCb!BaeT BKJ18.llbl 

B 8MIIJlUTY .llY pacceHHUSI, ooyCJlOBJleHHbie HeCT801fJlbHb!MU COCTOHHHSI ·!II paccea­

BaTeJlSI, HO, T8K K8K B Hawefi MO,lleJlH HMeeTCSI TOJlbKO ,llBB CT80HJlbHb!X IIpH 

!\ < IL COCTOS!HifH HYKJlOHa: "npOTOH" II "Hel1TpoH", TO Mbl B /9/ <iJYHKUUIO 

S(w) onycTHM. OcTaawaecSJ KOHCTaHTbi A n C MoryT obiTb onpenene-: 

Hbl H3 CBOl1CTB8 /c / 

\"' 1 4A-;Y-- 477 
f dz z X 16 

IL (z2 _,\2)2 

C _ ·\ .• ,/r" a z x - -.---- + •TT . __ :___:::_z_ 

41\N ll z(zz-A:z)2 

/10/ 

I 
. •. 
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YfHTerpanhi, BCTpe'l810IUH9CSI B 191 H 1101 Bhl'lHCJlSIIOTCSI.TO'lHO H Mhl HMeeM 

OKOH'l8T9JlbHOe Bbipa)KeHHe LlJlSI 

1111 

BocnonbSOBaB-
:..~ 

WHCb cBoftcTBOM I d I HanHweM BhiPB* eHHe LlJISI MaTpH"iHoro sneMeHTa, xo-

Topoe SIBJISI9TCSI pew eHHeM ypaBHeHHSI 151. 

1121 

3 CBot!:cTBa pew eHHSI HHTerpanbHoro ypaBHeHHSI 1B I 

H OrpaHH'leHHSI Ha KOHCT8HTy CBSI3H 

Yls 111 I o'leBHLlHO, 'ITO H (w) HMeeT uynH B TO'lKax ± ,;\ 
N H JlHHHH 

paspesa (- oo, -Ill u 
, HO KpOMe STOro cPYHKUHSI MO)KeT HMeTb erue 

!IYJlb B HHTepBane [-I!, ll] 

l . 1131 

.LlOliOJlHHTeJlbHhlf!: Hynb, a, cne.doBaTeJlbHO, ITOJliOC B 8MITJlHTyLle \fN(w) 
1 

rrpo-

TI!BOpe'lHJl 5bi paHee rrpeLliTOJlO)KeHHhiM 8H8Jli!TH'leCKI!M CBOfiCTBaM \f N (w) Ha 

OCHOBe KOTOpb!X 5binO nony'leHO ypaBHeHHe 15 I, 3TOT ITOJIIOC B 8MITJlHTy Ll9 MO )K~ 

HO HCKJliO'lHTb, H8Jl0)KHB OrpaHH'l9HHSI. Ha H85JliOLl8eMyiO KOHCT8HTy CBSISH g r , 

.LlnSI SToro nepenJ.Iw eM paBeHCTBO I 131 B LlPYrOM BJ.!Lle, Y'lHThiBaSI, 'ITO 

A=- ON g/ 
N (217 )3 
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.:'!. 

y f1.2_:w2=-..; (1.2-.t\,.z 1- Onzg,J4rr V-f1.2-:'!,2 

1 + oN g,2 I 4rr __,....;.;:·"-'----~ 
vf1.2- '\2 

EcnH Tenepb nonO)KHTh 

g/ /4rr < 

TO 

,t\,. 
1 -aN g//4rr Vf1.2 -'\2 

>I) H KOp9Hb ypaBH9HHSI /14/ 6y.neT 

1 +a g2/4rr \ 
N t V fl. 2- {i2 

/14/ 

/15/ 

J19}KaTb Ha .llPYPOM p!iMaHOBOM JlHCTe, TaK KaK Vf1.2- w2< 0 a Mbi paHbllle · 

Oilp9.ll9J1HJ1H liOJIO)KHT9JlbHbiH 3HaK Y KOpHSI y fl. :z_~ , KOI'.lla w <fl. • Ta-· 

KHM o6pa30.M Ol'paHH'l9HH9 Ha KOHCTaHTy CBSI3H /}5/ B03HHK89T H3 p9lll9HHSI 

ypaBH9HHSI noy /5/ H O.llHO'laCTH'lHOI'O COOTHOlll9HHSI YHHTapHOCTH /4/. no.no6-

/4/ 17/ . /5/ 
HOI'O po.o:a cHTyauHsr o6cy)K.nanacb B pa6oTax ' . · • Xanq:mH noKaaan B 

o6m 9\.1 cny'lae, 'ITO TaKH9 O!'paHH'l9HHSI 6y .ll yT B03HHKaTb TO!' .na, KOI' .na B 

aMnnHTy.v.e y.nep)KHBaeTcsr KOH9'lHOe qncno c}:laa paccesrmrsr, B Halllei!: Mo.nenn 

npHcyTcTeyeT TOJihKO s -c}:laaa B pacceSIHI1H. 

¢aKTH'ECKH OKa3biBa!OTCSl BHyTp9HH9 npQTI1BOp9'lHBbiMM npe,llilOJIO)K9HHSI 0 

npo!i3BOJlbHOCTH eenH'l!1Hbi Sr , KOHe'lHOM qncne c}:laa pacceSIHHSI ir He oppaan-

'l9HHOCTI1 9H9pl'HH w 

B ... . "' /5/ 
·. liO,llTB9p)K,ll9HH9 STOn TO'lKH 3p9HHSI MO)KHO, KpOM9 .llOBO,llOB paiVOTbl npH-

B9CTH c·ne.nyiO!llH9 coe~pa)KSHHSI. BBO,llSI B H8lll9H MO.ll9J1H. o6pe3aHH9 no HM-

nynhCY V (k) = L2.tl{T , nony'IHM BbiW 9H3JlO)K9HHbiM cnoco6oM aMnJIHTYAY 

pacceSIHHSI ~N , KOTOpaSI Tenepb 6y.neT cPYHKUI1ei OT HMliY~bca.o~peaaHHSI 

L • BMecTo /13/ noJIO)K9HHe .nonon~HT9JlbHOI'O non10ca Tenepb ·6y .neT on­

pe.nenSITbCSI paB9HCTBOM: 

x/ HepaB9HCTBO /1 5/ BH9lllH9 CXOFK9 C Ol'p8HH'l9HI'l9M Ha KOHCT8HTY UpH 

HaJIH'lHH CBSI38HHOI'O COCTOSIHHSI, nony'l9HH09 B pa60T9/8/ 



g/1:1 v~-v~ 
. 4TT,jp.2-t12 J / _,.p+v p.'- Ci)2 

0TCIO,lla BH,llHO, 'lTO .c YM9Hblll9HiieM 

11 

<vN + v~+ t> 2+vp.1- .~2L = 
1 

(y'p. 3-w'+C)2 (Jp.'-.12 + T_.)3 

1 o5nacTb ,llOnyCTHMb!X 

116 I . 

gr yse-

nH'lasaeTcs, TaKHM o5pa30M, BB9,ll9HHe COOTB9TCT,Byi0mero o5pe3aHHSI no HM-

nynbcy L CHHMae~ OrpaHH'l9HHH Ha KOHCTaHTy ~ 

4. CpaBHeHHe c perueHHeM ypaBHeHHH Wpe,llHHrepa 

16 I 
B pa5oTe 5bma nony'leHa, HCXO.LlH H3 ypaBH9HHH Wpe.LlHHrepa c ra-

MHnhTOHHaHoM 11 I, aMn/IHTy,lla pacceSIHHH M930Ha Ha. HyKnOHe B BH,lle CTeneH-

Horo PH.Lla no napaMeTpy 

2\m 1 1 . \ 
00 

-i w x 
-- -IoN m( dx(1-coswx)[expl2u2~w-3e K 1-1]1 

Ci.l 0 • o K K 

/171 

g -HenepeHOpMHpOB8HH8H lsaTp8BO'lHaHI KOHCTaHTa CBH3Ho TaM •e 5hlnO 

noKa38H0 1 'l'ro Ha 5niO,llaeM ag KOHCTaHTa gr H pa3HOCT·b Mace "'npOTOHa"' H 

"HefiTpOHa" .·\=mp-mn TaK•e Bb!pa•a!OTCH B BH,lle pH,llOB no \m t npH-

'leM Ka•.Llhlfi 'lneH aTHX pH,llOB KOH9'lHbiH. 

00 

g,/g =1-2 \m (dxx[exp l2g2~ coile-wKxl-1]- ....... 
0 K 

118/ 

00 00 

\ =2 ,\m 11 +1m
2 

( dx1 ( dx 2 F (x1 ~x2,g)+ ... 
0 0 

1191 

161 lno.Llpo5Hee CMOTpH pa5oTy 
cfJopMyna, 111 ll. Ll.nSI Toro 'lT05bi Mo•Ho 5bi-,_ 

no CpaBHHTb aMnnHTy ,llbl \f N 

HOpMHpOBaHHhle BenH'lHHhl gr 

pes KOHCTaHTb! g H ·\m 

H 

H 

\f , He05XO,llHMO B Bb!pa•eHHH 1121 nepe­N 
,\ 

Bb!pa3HTb C nOMOll:(biO 1181 H 1191 qe-

.aanee Mbi 5y.LleM C'lHTaTb ~m <<p. 
H noa-
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TOMY Ol"'paHH'lHMCSI BC!O.Oy pasno:rKeHHeM no _Ant_ .oo aTopol"'O nopst.oKa. B 
IL 

pesynbTaTe .onst aMnnHTY.D.bi \IN (w) 1121 HMeeM Bblpa>KElHHe: 

\IN(w)= ON g2 2~ml1+~ \m(ll.Lg2+ 
( ?.11 )3 w 2 w 11 11. • 2 w2 

~)I 
w:l 

1201 

Tenepb .ll11st cpadHeHHst 117 I H 1201 HaM ocTaeTcH ewe Bbi.oenHTb a I 111 

.oetiCTBHTe1IbHYIO H MHHMYIO 'laCTH • ..0.nst 9Hepl"'HH w.<21L 1 '.!.11. - no-

pOI"' aeynpyl"'HX npoueCCOB H, C1Ie.D.OBaTe1!bHO, TO'IHO BblllOllHSleTCSI COOTHOWeHHe 

141 I HMeeM: 

\fN(w) = ~ 2\m {1 + DNg
2 ~m ( 

(217)3w2 w 17 IL 

g2- g2+ ~) 
2w2 w 2 

\m I - 0 N _·- I 1 ( w, g) 
IL 1211 

I"' .D. e 

"" I.t((l),g)=ll. fdx(2-2Chwx) [exp{2g2"£ ;/(wKxi-
K K 

0 

- 2 <>':I'£ w•3 e -w K~ 1 ) 
o K K 

TaKHM o6pa30M, ao BTopoM nopstAKe no 
~m 

IL 

1221 

TO'lHBSl aMn1IHTY .aa \f N(w) 

/21 I OT11II'l88TCS1 OT aMn1IIITY .Obi noy \IN (w) 1201 qneaoM -8 N I 
1
(cu, g) t KO-

TOpJ>Ifi y'lHTbiBaeT BKna.D.bi oT BbiCWHX cocTOHHHfi B ueficTBHT91IbHYIO 'laCTb aM-

nniiTY.Obi, MHHMbl9 'laCTH y 

.oaJOT. Kol"'.oa 11 ~ w -~ '.!.j.L 

/a.oecb npHHHJ'O g
2

/17
2

=0,9 

,, N H 

r TO 

\rN B 9TOM 

0 ~ 11(w, g) .;(0.13 

npH 9TOM 

HHTepBa~e 9H8pl"'Hfi COBria-
2 2· 

II 1,5 )og% ~-~-0,7!J 
2w 2 

HB.!lO y'leCTb, 'ITO, Kl.iK no­
g2 

161 . 
K838HO B 1 npH H3M ,eHeHHH g a HHTep3ane 0 < -< 1 aa6nJO.oaeM bifi aa-

172 

pst.!l H3MSHSIBTCSI B RHTepaane 0 < g/ j 17 2 <.., , nOSTOMY 3Ha'I9HHe g2/172>1 

B 9TOfi MO.!l91IH H6 HM9eT CMb!C118 I o 0TCIO.Qa BH.OH0 1 'ITO BK1I8.0 MHOI"'O'laCTH'l­

HWX COCTOHHHfi B .oeficTBHT91IbHYIO '!aCTb BMll1IHTY.!lhl HS np&BOCXO.OHT 15%, 'IT~ 
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.BB11B9TCB Bfi011He YAOB119TBOpUT911hHhlM C TQqKU 3p9HHB BliHBHHB MHOroqaCTHqHhlX 

. cocToaana aa npoueccbi npn HH3KHX aaeprnax. 

PaccMoTpHM Teneph o6nacTh 

aMnmlTYAa pasHa: 

\
. 4 

~ m I ( ) oN g - o,. T 2 w, g + ~ 

/l2-x2 + · i p.K ) _ 

2 (i) 2 (i) 2 

/23/ 

I 2(w,g) -AeAcTBHTenbaaa cpyHKUHB aHanornqaaa /22/, HO 6onee cno:maoro 

BHAa, VJa cpaBH9HHB OAHOM930HHOft 8Mfi11HTYAbl /20/ H TOqHoA /23/ C119AY9T, 

qTo B STOM HHTepBane OT111'!qaiOTCB A9fiCTBHT911hHbl9 H MHHMhie qacTH 8Mfi11UTy.1l, 

KorAa. TO 

u 0,8 ? g~ITT IL 2 
- K 

2 >. - 0 98 
2 w2 "'- ' 

T.e, p9811hHbl9 qaCTU OT11Hqa!OTCB y:me Ha 100%, a MHHMbi9 

u 
2 

1 3 > _[_ .!:.!!:__ ~ 0,8 
' Tl' (i) 2 

OT11HqaiOTCB HS 20%. TaKHM o6pa30M, B HHT9pBane 

CB CYill9CTB9HHbiM BK118A OT Bb!CWHX C.OCTOBHHft. H OAHOqacTHqHaa 8Mfi11HTYA8 

\1 N oTnnqaeTca oT· Toqaoa \fN B ABa paaa. 

Ha npHMepe a.ToA MOAenn xopowo noATBep:mAaeTca npeAnonox<eane, Ha· 

KOTO~OM 6a3Hpyeica AHCnepCHOHHhlft fiOAXO~ B COBp9M9HHOft TeOpHH_fi011R~ qTo 

npH HH3KHX aaeprnax I AO nopora aeynpyrHx npoueccos/ BKnaAbi oT Maoroqac-. 

THqHbiX COCTORHHft B 8Mfi11HTYAY pacc,EHIHHH H9CYill9CTB9HHbi. Koaeqao, Ha OCHo-· 

Be npHB9A9HHOrO npHMepa H911h3R CYAHT.h 0 CHTySUHH B peanhHOM cnyqae pacce-

RHHB p911BTHBHCTCKHX qacTHU, 

B 38K11IOqeane Mhl XOTHM o6cy D. nTh BOnpoc: Bblfi011HH9TCH 11H COOT HOW 9HHe 

/15/ HS KOHCTSH_:I'Y CBH3H , B03HHKW ee lia peweHHH HHTerpanhHoro 
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ypaBH9HIHI 15/, nnfl gr If \ , rrony'leHHhiX Ha ocHoBe rrpouenyp rrepeHOpM H-
. ffll . ffll . 

poBoK H 3anaHHhiX pflnaMH 1181 n: /19/, B pa5oTe rroKa3aHo, 'ITO Heo5-

xonHM hiM ycno aue~ ex on HM ocTrr pHnoa I 18 I u 119 I f!BnfleTCfl 

\m < l 
l - g2/rr 2 

124 I 

ECJIH rroncTaBHTb B COOTHOWeH He I} 5 I BM9CTO gr H \ nx pflnhi, TO oKa-

3hlBaeTCfl, 'ITO B rrepBhlX IIOpflnKaX ITO \m HepaBeHCTBO 1151 Bhlii011HfleTCfl IIpH 

yc.noanu 124 I Ha aem1'111Hhi g H \m • OnHaKo, He 3HaH TO'IHhiX cyMM 

pflnoB 1181 11 1191, Mhi He MO)!<eM roaopHTh o cTporoM BhiilOnHeHHH 115 I nnfl 

rrepeHopM upoaaHHhiX BenH'IHH Sr 

MH11bTOHiiaHa it I. 

I{ \ , rrony'leHHhiX Ha bcHoBe peweHHfl ra-

AaTopbi BbipamaJoT caoro 5naronapHOCTh rrpocpeccopy Ll.Vf. BnoxHaueay 3a 

rrone3HOe o5cy)!<neHHe 3aTpoayThiX 3necb aorrpocoa. 
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