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YfacTHTYT M aTeMaTHKH CHoHpcKoro OT.lleneHHSI AH CCCP, H osocH6HpcK 72. 

/Pa6oTa BhlnOnH9H8 B 06~e.llHH9HHOM HHCT~TyTe H.llepHhlX HCCn9.llOB8HHII. 



p-aonae, .onsr 

eCTa6HJJbHb!X 

peaoaaacoa 

upoae.oeaaoro 

C ycnoBHSIMR 

yxa3b!BaeT 

b!X H8MH ypaa-

are reasonable. 

§ 1. Bae.oeaHe 

11 I 
B ae.oaaaeA pa6oTe HaMH 6I>zna Hccne.ooaaaa aeitTpanbH&SI MO.oenb nHoa-

n HOHHOI'O paCC9SIH HSI, DO.ll.llaiOIU8SICSI TO'IHOMY a H8JJHTH'I9CKOMY peiU 9HH 10. 3 TO pe

W eaue co.oep:>KHT 6ecxoae'IHI>IA aa6op npouaaonbHbiX napaMeTpoa, acne.ocTBHe 'le

ro ypaBH9HHSI .onSI aMnnHTy .ll paCC9SIHHSI npH ManbiX SHeprHSIX He .oaiOT .llHH8MH-

'19CKOrO onucaHHSI. PeweaHe aeitTpanbHOi!: Mo.oenH .oonycxaeT .oae paanH'IHble acuJM

nTOTHKH B o6naCTH 6onblliHX 9HeprHH H, DpH OTCYTCTBHH Hynei!: y aMRnHTY.llbl pac

C9SIHHSI, o6na.oaeT cne.oyiOlllHMH CBOi!:CTBaMH. norapH!}:>MH'19CKaSI B9TBb p9W9HHSI 

lacHMDTOTHKa -1/Jnq:l I He HMeeT pe30H8HCOB H COOTBeTCTByeT nepeaopMHpy-

9MOi!: TeopHH soaMyweaHA. CTeneaaaSI BeTBb peweHHSI lacHMDTOTHKa - q·<~ I 

co.oepMHT pe30H8HC, nonOM9HH9 KOTOpO!'O MoMeT 6b!Tb Bb!6paHO H938BHCHMb!M OT 

napaMeTpa , xapaKTepH3YIOIU ero CHny B3aHMO.lleitcTBHSI. n pH Bb!KniO'I9HHH 

B3aHMO.llBi!:CTBHSI p930HaHC CTaHOBHTCSI 5eCKOH9'1HO Y3KHM H aMnnHTy .ll8 o6pamaeT

CSI B HY.T!b BCIO.llY, KpOMe O.llHOi!: TO'IKH, ITOnOMBHHe KOTOpOil: npOH3BOJJbHO. TaKHM 

o6pa30M, npH BhlKJJIO'I9HHH B38HMO.llBHCTBHSI aMUJJHTy.lla OK83b!BaeTCSI 5eCKOH9'1HO 

Bb!pO ):l{.ll BHHOA • 

.[laaHaSI pa5oTa SIBJJSI9TCSI npo.oon:>KBHH9M ODHCaHHOI'O HCCJJB.llOBaHHSI DO Hei!:

Tp8JJbHOH Mo.oenH. B 3apHMe!f.HoM cny'lae H3-3a 5onee cno>Kaoa KpoccHar-cHMMeT .. 

pHH ae y .oaeTCH nocTpoHTb TO'IHoro peweHHSI. O.oaaxo, npose.oeaaoe HH>Ke aaanu

TH'Iecxoe HCCJJB.llOBaHHe U03BOnSIBT ycTaHOBHTb OCHOBHhlQ CBOitCTBa peWBHHA 38pS1-

M9HHOI'O CJJy'laSI, KOTOpb!e OK83b!BaiOTCSI BBCbMa 6JJH3KHMH K nepe'IHCJI9HHb!M CBoft-o 

CTBaM aeii.TpaJJbHoif MO.llBJJH. B qacTHOCTH, Mo>KeT cymecTBOBaTb aea.oHa6aTH'IeCKOft 

peweaHe c Y3KHM pe3oHaHcoM B p -sonae. 

§ 2. CHcTeMa ypaBHBHHH H aeKOTophle csoifcTsa 

AMn.TIHTY.lla pacceSIHHSI 3apH):I{BHHbiX Me3oHOB Bbipa>KaeTCSI qepea TPH cxanSip

Hbie <flyHKUHH A,B H C. Mbi ae 5y.oeM BbiUH;CbiBaTb 3.llBCb KHHBMaTH'IecKHe H cTpy~

TypHbie !}:>opMYJJbi, a TaKMe cpOp\Iynbi KpOCCHHr CHMM9TpHH, OTOcnaB 'IHTaTenSI K 

12,31 
CTaTbSIM , co.oepMaiUHM DOJJHbiH Ha5op 9THX !}:>OpMyn, 0603Ha'leHHA KOTOp'liiX 

M bl 6y .llBM ITO B03MOMHOCTH ITPH.ll9pM HBaTbCSI. 

B COOTBBTCTBHH C Haiueil: o6mel nporpaMMOI!/
4 I Mbl orpaHH'IHMCSI • H 1-

BOJJHaMH t KOTOpblt! BbJp8):1{aiOTCSI qepe3 JJHH9itHbl9 KOM6HH8UHH aMnnHTY.ll 
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A .B,C, B3HThrx JJ.JHI pacceSIHIHl snepen. 3nec~:> H l:fH>Ke 

C H30TOIIH'ieCKHM M0~1eHTOM J "" 1, A.- I 
A1 -P -aonHa COCTOSIHHH 

• • 0 2 I • -sonHhl 
' COCTOHHHA C J = 0,2. 

K poccHHr-cHMMeTpHH no apryMeHTaM • H u llpHBOJJ.HT K cneJJ.YIOUleMy 

CBOACTBy KpOCCHHr-CHMM9TpHH JJ.riH II8pUH8ribHhiX 13MilriHTy .ll 

3 -l t=:Ch 

a 'iUCJlOBaSI MaTpHUa 

A1 (-0-iO)= I b11 A1 (0+iO) 
J 

. q:z 
0=(2v+1)=2~+ 1 

IJ. h,, HM9eT BH.tl 

bt,=OtJ+ItnJ 

10 =-1/3, 11 =-1/18,12 =1/6 

n0 =2, n1 =9, n2 =-5 

B ynpyroM .llBYX'iaCTH'IHOM J:WlHOnH>KeHHH ycnoBHe YHHTapHoCTH JJ.aeT 

lm A1 (0 + iO) = 1\ (c.J) I A1 (6J) 12 
0? 1 

K(6J)=~-L 
0+'/. 

/2.1/ 

/2,2/ 

i-L, /2,2/ cne.:J.yeT, 'iTO A 1 orpaHH'ieHhi, rrosTO!\iY rrpH HaiiHCaHHH TeopeMhi 

KowH .:J.OcTaTO'-lHO !==..'lenaT& OJJ.Ho Bhi'-lUTaune, 3To Bbi'HITaHHe rrposeneM a TO'iKe 

w = 0 (s=ou=2, t=O) nonaraH A /2,2,0; c /2,2,0/ = .\ nony-
'-1 J~ :-1 C Y'i8TOM /2,1/ cneJJ.yiOIUyiO CHCTeMy HHTerparibHhlX ypaBH9HHH 

A•(6J)=y.\+3A (O)+.i!Lf (!mA_(6J')-I blm A,Cw1_) cicl• 
• 1 "1 c.J'-c.J J •J w' +c.J 6J' 

.4.1(6J) = (lJ- 1 f elm Ad6J') _! b lm .4.1 ( (J)..-) ) d(J) • 
• tr 1 (6J'+1)(6J'-6J) I 11 (6J'+1) (6J' + c.J) 

12.3/ 

Y
0

=5, y
2
=2 

.• ,".Pf;V!C- :::.,{~'·;t,,- ·----~!Wt"mSMIWe-e 

.. · 

•I 

1 
~ 
j 



p 

a COCTOSIHHSI 

-BOliHbl 

5 

Bbi"'HTaHHe am1 p-aonHbl caenaHo Ha nopore, npH w = 1. Ha sTHx ypaJSae

HHft OllHaKO BbiTeKaeT, 'ITO IIpelliiOliO)KeHE:e [m A,(oo)= C,> 0 IIpR!!!OllHT K 

norapH<l:JMH'IecxoMy pocTy npH w .... oo • nosTOMY 

cneayromeMy A; ( oo) = 0 12.41 

12 .I I 

12.2 I 

HH TOO pC!Vibl 

eM B TO'IKe 

A , nony-

12.31 

H Bbl'IHTaHHe, ClleliSHHOe B 12,31, K8K 6yaeT IIOK838HO HH)Ke, He SIB1ISI9TCSI Heo6-

XOllHMbiM, a CHCTeMa 12,31 OK83b!B89TCSI MaTeMaTH'I9CKH 9KBHBalleHTHOft CHCTeMe 

6ea Bbi'IHT8HHSI 

00 

A 1 (w) = 1__ J dw' ( lm A, (w') +I 
, l w' - w 

c nononHHTellbHbiM noporoBbiM ycnoBHeM 

lm b11 At(w')) 
w' + w 

Al(1)=.!_ j dw' (lmA.z(w') +I blJ _Im_A..,.,..:.(_w-::'-')'--_)dw' =0 
rr 1 w' - 1 w' + 1 

12.5 I 

12.61 

nepeXOll OT 12,51, 12,61 K /2,31 OCYIU9CTB1ISI9TCSI C IIOMOUlh!O SIBHOrO Bbl

pa)KeHHSI anSI A 

12.7 I 

Ma 12.51 BbiTexaeT, 'ITO aenH"'HHbi A2 111 H A
0
/ll +.3A

1
111 nono)KHTen&

Hbi. C y"'eTOM 12.61 9TO IIpRBOllHT K BS)KHOMY BbiBOllY 0 IIOliO)KHTellbHOCTR llliRH 

pacceSIHHSI S - BOliH 

12.81 

0TMeTHM, 'ITO 9TOT <i:JaXT He 38BHCHT OT llBYX"'8CTR"'HOrO IIpR611RlKeHRSI R OIIR~ 

• 
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. ' paeTCSI nHWb H8 n:pe.nnono»<eHH9 0 cnp&89.llnB80CTH H9Bbi'IT9HHbiX ,llHcnepCHOHHhiX 

COOTHOW9HBI. 

AHanorB'IH&SI oueHKA .anSI .nnRHbl pacceHHRH p-ronHbi Mo»<eT 6biTb c.nenaHa 

nHwb npB HeKoTophiX npa8.nono.ao6HhtX npe.nnono»<eHRSIX o xapaKTepe peweHHSI. 

TaK, C'IHT&H, 'ITO KpoccRHr-HHTerpan .anSI p-aonHbl a oKpecTHOCTH nopora MO-

»<eT tibiTb annpOKCHMHp088H Bblp&>K9HH9M 

1: L ( b,Im A, ((J)') d(J) ==- r 
I 1T i (J)' + (J) (J) + (J) 0 

r > 0 

nony'laeM H3 /2.5/ 

al = 2 161=1 >I) 
/2.8/ 

06p&THMCSI K 8CHMTOTHK9 peweHHI npH (J) -> oo 

Heo6xo.aHMO no.n'lepKHYTb, 'ITO ro:sopH o6 acHMnTOTHKe, Mhi HMeeM 8 8H" 

.ay TOnbKO M&T9M8T.ft'i9CKOe C80ICT80 ypaBHeHHA /2.3/, KOTOpbi9 npH 6onbWHX 

eHeprHRX He onHChi8&10T !lJH3H'IecKy!O aMnnHTy.ny. Ypa8HeHHSI /2.5/, KllK 6y.aeT 

noKa3aHO 8 pa3.nene 4, .nonycKa!OT cne.ay!OwHe BH.ahi acHMIITOTHK • 
. d· 

I a I Re A • ( (J) ) ~ ----=.L-
1 In (J) 

/6/ 

/c/ 

ReA; ((J)) ~ _!L (J) 

,.., I· Re A· ((J)) - ~ • ----w2 

llnR TOI"O 'IT06bl nOK838Tb, 'ITO 6onee CHnbH09 CT9ll9HH09 y6biBilHHe H9B03-

MO>KHO, npe.llCT88HM /2.5/ 8 'BR.ll9 

/2.10/ 
A; ((J)) = 0; ((J)) + l; (b ((J)) 

r.ne 

00 

0; ( (J) ) = _l_ f lmA 1 ((J)'l d(J)' 2 
/2.11/ 

1T • (J) 1 2- (J) 2 

(b ( (J)) = L r 7 n I lm A I ( (J). ) d(J)' /2 .12/ 

1T 1 (J)' + (J) 

• 

B npe.aene 

H 'ITOtibl 11 

aonHax. 3To 

BH.aHO 

nonHRTenbHO• 

CHMMeTpHH 

'lepe3 O.llHB 

c UOMOW 

Ycno8He /2 



peweHHR. 

nopora Mo-

/2.9/ 

HM99M B BH• 

601IbWHX 

I, xax 6y.oeT 

He H9B03-

/2.10/ 

/2.11/ 

/2,12 I 

7 
( 

B npe.oene 

G; ( (AJ) ~ • --=!-=-'..-z- • ~i > 0 /2.13/ 

.QnR y6biBaHHR 6onee 6biCTporo '19M (AJ"' H900XO.OHMO, 'IT06bi 

12.141 

H 'ITOC5bi XOMD9HCHpOB8.1IH OTpHU8.T91IbHble BKIIB.Llbl a Bo scex Tpex 

sonHax. 3To HeB03MOJKHO Ha-aa T·oro, 'ITo 1 pa3Hhrx 3Haxos. 
I 

BH.oHo TaKJKe, 'ITO ac&MnTOTHKa lei Mo>KeT ocywecTBJIRTbcR mrw:~> npH .oo-

n01IHHT91IbHOM YCIIOBHH 

/2.15/ 

no.oCTB.BIIRSI /a/ B ypaBH9HHSI /2.5/ c nOMOlllbiO YCJIOBHSI YHHTapHOCTH I 2,2), 

nonyqaeM LliiR dj CHCT&My ypB.BH9HHft 

1rd; ... 2cl; + 11 In 
1 

a' 
I 

XOTOpaSJ HMeeT 9LlHHCTB9HHOe .oeAcTBHT9JibHOe peweHHe 

d 0 • 2,13: d1 .. - 0,188; , a,. 0,840 /2.18/ 

Kos¢¢HuHeHTbi e1 B.CHMnTOTHKH /6/ onpe.oenHIOTCSI H3 YCIIOBHA KpOCCHRr-

CBMMeTpHH 

e; = I; c 

'lepea OLlHH npOH3BOJI:bHbiA napaMeTp C, 

.QnR B.CBMDTOTBKH /c/ KpOCCHRr-cHMMeTpBR Ll49T 

r nj fJ"" 0 

C nOMOlllbiO /2.13/ H /2.14/ HM99M TB.K>Ke 

I; •- I;+ 1; h 

YcnOBHe /2.18/ noaaonReT onpe.oen&T:b aenH'IHHy h 

/2.17/ 

/2.18/ 

,· 'ITO Ll88T 

/2,19/ 
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Vf3 12.191 H II01lOJKHTe1lbHOCTH g
1 Bh!T9K"'9T 1 'ITO 1:1 < () • K 03cpcpHilHeH-

Tbl 10 H 11 MoryT HMeT& o6a 3Haxa. 

¢opMynhl 12.81, 12.91, 12.161, 12.17 I 11 12.191 noasonSliOT c.[lerraT& aaxrriO

'I:eHHe 0 '19THOCTH CYMMSpHOf'O 'IHC1la Hynefi .11 p930HSHCOB napUH8llbHh!X SMII1IHTYLI 

- CMo Ta6nHUY 1. 

A 
0 

At 

A2 

Ta6nH~a 

AceMnTOTKXa 

lal 

'leT 

R9'1 

'19T 

AceMnTOT.Hxa 

/6/ 

c>O c<rl 

Re'l 'leT 

lie 'I 'leT 

'lei H9'1 

10<.0 

AcHMnTOTHxa 

lei 

10< 0 I o.> 0 

1
1
<0 11> 0 ll< 0 

H91J He 'I 'leT 

He 'I 'leT H9'1 

He 'I H9'1 He 'I 

TpyLlROCTb B paanH'l&RHH Hynel aMnnHTy.Qbl oT peaoHaHcos B03HHxaeT &a-aa 

B9T8119HHSI B ycnOBHR yHHT8pHOCTH 

lm A,{lU) • _1_ (1 t .Jl::( 2K(lU) Re A1 (lU)) 2 
) 

2 !( (lU) . 

12.201 

B ReiTpan&Rol MO.QenH sTa TpyllROCTb npeo.[lonesanac& nepeXOllOM x o6paT-

Hoi aMnnHTy.Qe 1/A , MRHMSR '18CTb KOTOpol RB1IS19TCS1 3S.Q8HHQA cpyHKUHeA. K 

COJKS119HRIO, nepeXOll K o6paTHblM 8Mll1IHTY.Q8M R9 Mp:lKeT 6blTb HCil01lb30BaH B 

aapameRHOM cny'lae, nocxon&xy 3ll9Cb napuRan&Hhie aMIInHTYLlhi, xpoMe· lUA
2 

(lU), 

He RBnRIOTCSI o6o6meHHbiMH R -ctJyHXUHRMH. M O:lKRO OllHaKo npe.llcTaBHTb nap-

IlH81lbHbl9 aMnnHTY.Qbl B BH.Q9 1lHH9AHbiX KOM6R.H8ttHI o6o6meHHbiX R -ctJyHXttllA. 

Bae.QeHHble TAKRM cnoco6oM R -cpyHKUHR IlO.Q'IHHRIOTCSI ycnOBHRM YRHTapHOCTH 

BH.Q8 /2.20/, 'ITo· 38TPYLlRS19T aHa1lHTR'I9CK09 peweHHe 3a.Qa'IH. 0LlH8KO, Ha 3TOM 

nyTH y.QaeTcR nony'IHT& pR.Q saJKRbiX cne.llCTBHI o caoAcTaax peweHHA. H H:>Ke 

Mbl paCCMOTpHM .llB8 pa31lH'IHblX CIIOC06a BB9.1l9RHS1 o6o6IUeHHb!X R -cpyHKUHI. 

Peayn&T8Tbl D01ly'19HHbl9 HHJKe llBYMR pa3Hh!MH nyTSlMH COOTB9TCTByiOT .llpyr 

ll pyry 1 a TaJoKe BbiBOllaM llBHHoro naparpactJa. 

Bae 

r.Qe Gi 

SIB1ISIIOTCSI 

B 

npH &TOM 

H KOScPcpK 

(l) ,. (l) ,,. 

/1 
HOI OCR 

no 

8 Ll 

OT1102KHB 0 

pew eaRs 

Bb!X 



en erraTb aaxrriO-

JlbHbiX SMnJmTy .a 

seq 'leT 

aeq 

seq He 'I 

B03HHKSeT H3-38 

12.201 

¢YHKIIHeA. K 

JJ;CTSBHTb nap

R -<PyHK II d. 

SIM YHHTSpHOCTH 

.QHSKO, HS STOM 

JOT .apyr 

9 

f 3. n epBbll CIIOC06 BBe.aeHHSI 

Bse.aeM ¢yHKilHH 

1 
H; (lJJ) =- -...,---

(J) G; (lJJ) I 3.11 

rAe G· I onpe.aeneBbl 8 12.11 I. He cocTa8nSieT Tpy.aa y6e.aHThCH, 'ITO ll; 

SIB11SIIOTCH He'leTHblMH pean&HblMH 8H811HTH'IeCKHMH o6o6rueHHblMH 

Mil C ABYMSI paape3&MI! II ll01110COM B H8'1811e KOOp.lli!HST. Ha cf>1!3H'IeCKOM paape

ae MHI!MSSI 'ISCTb HMeeT BH.ll 

K(lJJ) /1-lJJH;(lJJ)q,(lJJ)l; ; 2 
(J) 

I 3.21 

8C11e.llCT8He 'lero cf>YHKilRH H; He MoryT HMeT& HyneA BO BCel KOMIIneKCHOA 

II110CKOCTH. 

¢lyHKilHSI, o6na.a&IOIU8H 9THMH C80ICTB8MH 1 MO>KeT 6blTb 38IIHC8H8 8 8H.lle 

/3.31 

13.41 

npu 9TOM 

u1 > 0 1 fP A 1 > 0 1 R,n > 0 1 lJJ1! >l 

H xos¢cfJHIIHeHTbl Rln• lJJin TaXOBbl, 'ITO ps.a 13.41 cxo.aHTCH a6coniOTHO npu Bcex 

w "f- w,n .llns Toro, 'IT06br H He o6paruanoc& B uynh .ffa oTpeaxe .aelcTBHTem .... 

HOI 
11,-11 6 

OCH 0 .llOCTSTO'IHO llOTpe OB&Tb 

H; ( 1) = 1 < I) I 3,51 
A;(1)+l;q,(1) 

noporOBOe YC110BHe .ll11H p-8011Hbl .aaeT TSK>Ke 

• I 3.61 

B .aan&uelweM Mbl orpaHH'IHMcs paccMoTpeuueM cny'laH R; (lJJ) s 0 , 

OT110lKHB o6cy>K.aeHHe CMblC118 9TOrO ycnOBHSI .llO KOHil8 II 4. Bo BCHKOM cny'lae 

peweuuSI ue co.aepmaruue R . -cf>yHKniiA aaBHCHT oT MeHbWero 'IRena npoH38on&-

HblX napaMeTpOB H B 9TOM CMt;IC11e MOryT 6blTb H83B8Hbl "npocTeftWHMH", 
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¢yHKUHH Hi MoryT ObiTb Bbipa>KeHbi qepe3 4. H <l> cne.ayiDUlHM o6pa-
l 

30M 

Re 11; ( cu) == ~i ( w ) - Re 4; ( w ) I 3.7 I 

w[(1>; (w) -ReA;(w))2 +(lrn 4;(w)) 2
] 

lmH;(w)= lm A i (w) I 3.81 

w [( tb i ( w) - Re 4 i ( cu)) 2+ ( lm A i ( w) ) 2 ] 

npHqeM 

1>; (w)== li1>(w) 

Heo6xo.aHMoe H .aocTaToqaoe ycnoBHe cywecTBoBaHHSI pe3oaaaca B ToqKe w 

HM88T BHll 

Re II; (cu) ==Pi (w) lmll·(w) ==u·(w) 
I l 

.I 
Pi (w) = X (6J) tb1(w) 

w {1 + K'( <») ~~ ( w) ] 

K (w) 
Oj (w) == w [ 1 + K'(w) <II;' (w) 

I 3.91 

.. 
113 cpaBH8HHSI /3.5/ H /3.9/ BbiTeKaeT, qToo Ha nopore 

Re H; ( 1 ) < P; ( 1 ) /3.10/ 

np11 w ... 00 H900XOLlHMO OT.[l8JlbHO paCCMOTp9Tb TpH CJiyqaH pa3nHqHhlX BCHMn-

TOTHK. B cnyqae Ia!, acHMnToTHKH cPYHKUHH •J; H tb 

ReH;(w) ~ _ rr In w 
"2d2 -W-

I 

l ,., 7T 
lm H, (w)- 4tV 

If) (w) -;:fnJ a/ 
7T 

113 /3.9/ H 13.11/ nonyqaeM 

1 
w 

1 
~ 

Re H . ( oo) < p • ( oo) 
I I 

HM9IOT BHLl 

/3.1la/ 

/3.12a/ 

B cny'l:ae 

3To ll88T 

H axoHeu, a 

OTKYll8 

0TM8THM 1 

eT, T.e. 

p830H8HC 1 

0LlH03H8qHhi 

2cuK 
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B cny'lae /6/ acHMIITOTRKR HMeiOT 8RLl 

3To .aaeT 

H axoneu, B cny'lae I c I 

oTxy.aa nony'laeM 

Re H;(ao) >Pi (ao) 

Rell;(w)Z~ 
g; 

Re ll; (ao) >Pi (ao) 

/3.116/ 

/3.126/ 

/8.11c/ 

I 3.12c/ 

'ITO B Cny'l:ae 8CHMIITOTHK /a/ H /6/ 8TOpoA 'lneH 8 /3.8/ OTCyT<:TBy

T.e. 11 gi = 0. 

113 <PopMyn /3.12/ Bl:oiTeKaeT, 'ITO 'IHcno To'leK nepece'leHHSJ KpRBI:oiX ReH;(w) 

C KpH81:o!MB Pi (w) 8 HHTepeane 1 < w < ... 'leTaoe /eKniO'Iasr ayn&/ nnsr 

acHMnTOTHKH /a/ a He'leTaoe Ll!TSJ /6/ a lei. OnnaKo, sToro em:e He.aocTaTo'luo 

Linll TOrO, 'IT061:o! cnenaTb 81:olBOLl 0 TOM, 'ITO B ::ITHX TO'IK8X 8Mrrn&Ty lll:ol HM9!0T 

pe3ouauc, Tax xax B~:o~pa*eHHH nna lm H; H o· I 'l:epea Re H; H Pi ue-
OLIH03H8'1HI:ol 

/m!l;(w) = 

13.rs; 
1 11+ JI-[2K(w)'l»i(w)(1-Re"l;(w)w•i (wJ].2 1 

2w1( (w) 11~ (w) 
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a' (' , J -2 c:.; -i{ -( ;;}-'P?T;;T-- 11 ± y7- [ 2 K ( (iJ )~;(UJ)(1-P; (UJ) (iJ 1ti ( (iJ))] 2 I /~.14/ 

.::lnH Toro, 'IT06bi A; lm 7· 
npoxonHna qepea pe3oHaHc Heo6xonHMO 'IT06hl · t 

"' a; HaxonnnHCb Ha onHoA H ToA .>Ke BeTBH. l-13 13.81, 13.91 H /3.11 I cne..::<vPT. 

'!To Ha nopore H rrpH UJ --. oo H frn.'f i HaXOLI.SITCSI Ha MHHyC-BeTBH /'ITO COOTBeTcT-

ByeT 3HaKa:vt "-" B 13.13/ H /3.14/ I. YcnoBHe Toro, 'ITO a; ne.>KHT Ha MHHyc 

-BeT B II 11:\1 eeT B llll 

1'{2(UJ) {)~ (UJ) < 1 

1--1cc.lle.-.yeM CHa'lana cny'laA, Korna 

1 • K 2( (iJ) :{), t (iJ) < 1 
I I .'3.15 I 

2. hr !I i Jle.>KHT Ha MHHyC-BeTBH l-13 /3.10/ H /3,12/ MO.lKHO 3aK.'110'lllTb, 

'!To 'IHCHO pe3oHaHCOB 'leTHoe B cnyqae Ia! H He'leTHOe B cny'lae /6/ u lei, 

CnenaeM HexoTopbie 3aKJIJO'IeHHH o wHpHHe pe3oHaHca. B cnyqae 'Iti ( UJ)«l 
' 

npH npOXO:l'KL1.9HHH A; 'lepe3 pe3oHaHc ReH; H3M9HSI9TCSI Ha Be.TIH'IHHy 2~ (iJ 

nosTOMY WHpHHa pe30HaHca 38BHCHT OT 6biCTpOT.6I H3M9H9HHSI Re 11; Llnll 

OUeHKH CKOpOCTH H3MeHeHHSI Re II; paccMoTpHM nopo~Boe H acHMnToTH'Iecxoe 

noB en eHHe STHX cpyHKUHA. H a no pore M bl HM eeM 

T/0 ( 1) ___ 3___ ' 'l J ( 1 ) = - _1§__ ' H 2 ( 1) = - --o---6"'---~~ 
3a

0
J'ty1) 1t1 (1) 6a 2 -'f)(l) 

13.16/ 

CornaCHO /3,5/ STH BeJIH'IHHbl OTpHUaT9.TlbHbi, H, KaK BHLI.HO H3 npHBeneHHbiX Bbi-

pa i:;eaafi,. 6naronapH 'IHCJIOBo:vty MHOX(HTenio, H 
1

11 I neX:<HT 3Ha'IHTenbHO HII.>Ke 

'!eM H /) /. u, BepoHTHo, HH.>Ke 'leM H
2

11/ 
0 • 

B C.lly'lae /6/ Bee Re !I. npH (iJ -+ ... B03pacTaiOT, HO, KaK Bll[lHO H3 
·J 

/3,116/, HX OTHOWeHHe OCTaeTCSI nOCTOSIHHbiM 

Reilof..,):ReH1 (o.o): Rell2 (..,)= 1:36:4 

llosToMy MO)KHO ox'IILI.aTb, 'ITO B cny'lae (b) Re !l; H3MeHf!eTcH 5btCTpee, '19M 

~e !1 
0 

H Re 'l 
2 

•. EcnH npennono.>KHTb, 'ITO nono.>KeHHe pe3oHaHCOB onH-

HO~OBO, TO STO IIpHBOUHT K 5onee Y3KOMY pe30H8HCy B p-BOJIHe, 

8 CJly'lae aCIIMIITOTHKH /c/ FIHTerpaJibHbiH 'I.TleH B /3,3/ OKa3biBaeTCSI Ma.TlbiM 

no cpaBHeHHJO 

/a T8K.>Ke C'IH 

COB UJi H HX 

0TcJOna BHLI. 

'leM B 

'leHHH 

xax H 

Ll.HMOe H Ll 

HMeeT BHLI. 

3aMeTHM, 'ITO 

Re 'l; 

Re 'I;-(; 

no 

Re 

a npH UJ -+ 



I .'1 .1 4/ 

1m '1· 
1JT06bi 1 

.II/ cne.::!VPT. 

COOTB9TcT-

HT Ha MHHYC 

/3,I5/ 

3aK.TJIO'-IIiTb, 

li lei. 

9 11i (w)<<l, 

H'IHHY 2 ~ 
w 

ll; 

nTOTH'I9CK09 

I 3.I6 I 

Ll9HHbiX Bbi-

0 HH )1(9 

99, '19M 

9TCSI Man b!M 

13 

no CpaBH9HHIO C ll9pBb!M H BTOpb!M 'IJieHaMH. n peHe6pera51 HHTerp8JibHb!M 'IJieHOM 

I a TaK )!( e C'IHT8SI ~i ManbiMHI, nony'laeM Bbipa)l(eHHSI .anSI no.TJo)l(eHHii: peaoaaa-

COB Wj H HX WHpHH r; 

r ,._ 
I 

K (c»r) w, (1 -1/w,) 
H; ( 1) 

0TCIOL18 BHLlHO, IJTO p930H8HC B p-BOJIH9 y)l(e p930H8HC8 B A , H, B9pOSITHO, y)l(e 
0 

'19M B A 2• H9Tpy.o:Ho y69.0:HTbCSI, IJTO KaK .o:nH 161, TaK H .anSI lei, npH BbiKJJIO-

.• 
'19HHH B3aHMOL19ftCTBHSI wHpHHbi p930HaHcos cTp9MSITCSI K HyniO. TaKHM o6paaoM, 

KaK H B H91iTp8JibHOft MOLl9J1H, M bl llOJiyqaeM .. BblpO)I(L{9HH9., npH Bb!KJ110'19HHH B3a-

HMOLI 9ftCT BHSI, 

n 9p9A.o:eM T9nepb K HCC.TJ9L{OB8HHIO HYJ19it napuH8JibHbiX 8MllJIHTy Ll. H eo6xo-

LlHM09 H L10CT8TOIJH09 YCJJOBHe o6pall{9HHSI 8MllJ1HTYLlbl B HYJJb B TO'IKe w 

HM99T BHLl 

38M9THM, 'ITO 

Re 11; (w) = ----=-1 __ o= (; (w); 
w 11; ( w) 

f' 

lm ll; (w) 0 13.171 

lm !I i M0)!(9T o6paw.aTbC51 B HyJib TOJibKO H8 MHHyc-BeTBH, B 

np9Linono)l(eHHH 13,151 'IHCno HYJI9ft Ai pasao 'IHcny nepeC9'1eHHii KpHBbiX 

Re 11; 

Re 'l; -(; 

H (; (w) • O.oaaKo, ae.oocTaTO'IHO cpaBHHTb oTHOCHTenbHbift 3HaK 

aa nopore H npH w -+ ""' , llOCKOJibKY (; MO)!(eT HMeTb non10ca. 

4Hcno nep9ceqea&ft, K8K HeTpy LlHO y6e LlHTbCSI, MO )I(HO llOJIY'IHTb, cpa BH HB8SI 3HaKH 

no 

Re Hj -(j 
(; 

aa nopore H npH 

Re Rd1)-G(l), Re H,("")- (,("") 

(/1) (l(oo) 

w -+ ""' 

> ') 
< ') 

• Cnpase.o:JIHBo cne.o:y10w.ee npaBH-

'19THOe 

'IHcno nepece'leHHft /3,181 
He 'leT HOe 

Ha /2,81, /2.9/, 13,51 H 13.I71 aa nopore HMe9M 

a npH w -+ "" 

Re R 1 ( 1+£)- ( 1 ( 1 + £) = A i ( 1 + £) ll; ( 1 + £) < I) 
';(1+£) 

H3 /3,111 H /3,171 .anSI cnyqaes /a/ , /6/ H lcl 

13.191 
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- 2di , /3,20a I 

''{eo) • I -"- _cu_ /3,205/ 
lf•IIJ ( .. )- '1 (•) 211 c In w 

~i /3,20c I 
11 

Ha /3,18/, /3,19/, 13,:201 H /3,lli/ MO>KKo no.rTylfHTb cne!lyJOmee 3aKnJO'feHHe o 

'IRene HyneR: 

Ao 

Al 
A· 

:il 

TatSnnua 2 

YeTHOCTb lfKCll4 Hfl191t " neocTeAU...KX peLUeHKIIX 

AcnMnToTKKa 

/a/ 

'ItT 

Ht'f 

'18T 

AcHMilTOTHKa 
lt51 

c>O c<O 

'18T H9lf 

'18T H81f 

H81f '18T 

.. 

AcHMilTOTRKa 

lei 

1,< 0 1,< I) 

I,< 'l I,> 'l 

'19T '19T 

'18T H8'1 

'18T lf8T 

I,> 'l 

11 < 0 

'leT 

'18T 

'18T 

3Ta Ta6l1Kll4 H8XO!lKTCR B COOTB8TCTBRR C Ta5nnuel 1 H pe3yllbT8T8MH naK

HOrO paaaena o 'IHcne peaoHaKcoa. 

Pe3ynL>TaT&I •Toro naparpacpa t5&mH nonylfeH~ot e npe!lllOllo>KeHKR /3,15/, 

fJorJJtiT48MCil Tenepb onpeaemtTI:t, a K4KOA C:TeneKH BbJBO!l o HanH'IHH pa3oKaHcoa 

1!1 .,IIY~tae I(JI N lol olSye.noe.lleH aTHMN npe!lnono>KeHHSTMH, PaccMoTpHM cnepaa 

CIJf'l41t, KOJ'~Il IS,US/ tUM8H8Hhl Kl 

I t, < tu ) I « 1 
/3,22/ 

npH STOM G· 
' 

B HeKOTOpblX 

ttnJOC.;..BeTBH, 

l18>KHT H8 M 

lmR; 6blll 

Jp8BH9HHSI /3,1 

OCKOllbKY R8 

I·HJTit-CR fJi 

_-,:: 

·" ,. 

{:--· 

~ 

HRUbl, noaTOM 

pOSITHOCTH 

ReR; 

MAKCHMyM 

3R4'19HHI 

TaltBM o5pa3oM 

aepoSITHO H9 TO 



I 3,20a I 

13.20151 

I 3,20c I 

IO'f8HH9 0 

118T 

'I&T 

'f&T 

/3,15/, 

p830H8HCOB 

I 3,22 I 

15 

npa STOM G· 
' 6y.aeT H8XOllHTbC~ H8 :-.1HHyC-BeTBH, B TO BpeM~ K8K lm !I; 

B H9KOTOpb!X HHTepB81I8X B OKpecTHOCTU Hynefi 8MUliHTY;:Jhl MO>KeT HaXO!HlTbC~ H8 

nmoc-seTBH. Oxono nopora H Ha 6ecKoHe'IHocTH lm !I i , oaHaxo, nonpe:>KHe'>1Y 

l!8)i{HT H8 MHHyC -eeTBH, .LJ.n~ CyllleCTBOB8HH~ pe30H8HC8 H806XOUH'>10, 'IT06b! 

6b!JI8 H8 MHHyc-BeTBH B TO'!Ke, r.ae Re H; "'Pi • To~xa aeTsneRHR 

YP8BH9HHSI 13,13/ onpe.aenReTCSI COOTHOW 9HH9M 

Re H1 (w) _±_1---,---+_2---=.::cr(--r(_w __ )_~_-y,._,. ,< ~w.-'-) _ _ f3 : ( uJ ) 
2w K(w) ctl.z (w) 

I 3,23/ 
l 

nocKOlibKY Ha nopore lrn ~1; l!9)KHT H8 MHHyc-BeTBH, TO ()Ha MO)I{eT nepeii:TH H8 

+ 
f3; Hl!H nn~c-eeTBb TOl!bKO fiOClie Taro, KaK KOCH9TC~ OllHOH H3 KpHBhlX 

nocKOlibKy, K8K .nerKO UOK838Tb 1 

+ !3; >p; 1 TO Re II; LlOli)KHa nepece~b Pi 
npem.ae, '19'\4 OH8 KOCH9TC~ /3{ 

xpaHHeTcH, Bo3MO)KHOCTb .anR Re .'l; 

TaxuM o6pa3oM, s sToM cnyqae pe3oHaHc co-

KOCHYTbCSI 

T91IbH0 1 H3 13,23/ Bb!T9K89T 1 'ITO M8KCHMyM B 

(3; 
1 
~ 

Ha nopore, a npa H Ha nopore ' ,Bj-+-"" 

M8liOBepo~TH8, .LJ. eii:CTBH-

pa3 HH)I{e, '19M Re '1; ( 1) 

• .LlnR Taro. ~T05bl xoc-

HYTbCR (3f ¢yHKUHR Re H; .aonmHa peaxo na.aaTb e npoMe:>KyTO'IHOM HHTepaa-

ne. O.aaaxo, aa nopore 

I 2w_( __Im 1/j (w') 
TT 1 w'2-w 2 

.llBS nepBbiX 'il!9H8 fi01IO:>KHT91IbHbl H, B COOTBeTCTBHH C 13,221 MHOrO 60l!bllle e.aa-

HHUbl, .LJ.ng p-BOJIHbl TpeTHH 'll!eH TaK:>Ke UOliO,Kl1Tel!eH, 'flnR s - BOJIH OH MO)I(e'J' 

6b!Tb OTpHU8TeneH, HO ero MO!lY1Ib 1 B 3TOM CJiyqae, IH>n)l{eH 6b!Tb nopSI.llK8 9.llH-

HHUbl, nosToMy Re !!; 6b!CTpO pacTeT B6JIU3H nopora, 'ITO fiPHBO.UHT K M81IOBe-

pOHTHOCTH ee KaCaHHSI C 

ReH; '"!O:>K9T KOCHYTbCSI {3j - TOl!bKO, ecnH lmH; HMeeT pe3KHA 

M8KCHMYM e npoMe:>KyTO'IHOA o6nacT~. O..aHaxo Tor.aa, npe:>K..ae 'leM ynacTb .ao 

3H8'19HHA nopH.aKa --
1-- , Re H; .aon:>KHa soapacTH ..ao 3Ha'leHHA nopH..axa 

Jill' 
1;1 c) I' H o5SJ3aTe.'JbHO nepeceqb xpasyiO P;• KoTopaH HMeeT nopSJ..aox I ~i I 

faXRM of5p830M 1 M bl CHOB8 nony'I89M pe30H8HC, 3aMeTHM, 'ITO .lll!SI p-BOl!Hbl Mano-

89pOSITHO H9 TOl!bKO K8C8HHe /31 , HO Tax:>Ke na..aeaae MHOrO HH:>K9 '} 
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TaKHM o6pa3oM, B rrpe.nrrono)KeHHH 13.221 ece aMrrnHTynhi rrpoxonHT qepe3 

pe30H8HC, 

npa l tf)j l > 1 II0110*9HHe ycnO)KHS!eTCH. B aTOM cnyqae Oj MO)KeT rrepeftTH 

+ -
as rrniOc-BeTBb, a KpHBbie !3; H f3; c6nH*SIOTCH. OnaaKo, H B aToM cnyqae, eenH-

'{HHa 13,241 !lJiSI p-B011Hbl OCTaeTCSI I101lO)KHTeJlbHOft, a l ~ l H3-3a MallOCTH 

MHO}KHT911SI 1
1 

= - 1 118 ManoA. YKa3aHHe aa TaKoe rrono*eHHe naeT ouea-

ItS !l11SI tf) 
1 

B an Ha6aTH'{9CKOft BeTBH, Vf CIIOJlb30BaB pe3yJlbT8Tbl 'lHCJl€HHOro pac-

'leTa Ha sneKTpOHHOft MawHHe rrpH A = 0,16, 'iTO cooTBeTcTeyeT ao = 0,80 

H a 2 = 0,29, M hi IIOJlY'lH11H tf)1 ( 1) Z'0,014. 

0TciOna cnenyeT, 'iTO p930HaHC B p-BOJlH9 IIO Bceft BH!lHMOCTH He HC'i93a9T 

B cPH3H'l9CKH HHTepeCHOM peweHHH. 

§ '4, BTopoA 'crroco6 rrepexona K R -ctJyHKUHHM 

rne 

n pencTaBHM Terrepb ypaBH9HHSI 12.6 I B cpopMe 

li 

A; ( w) • 1J i ( w) + J bi} B j (- w) 

1J
1 

(w) = _1_ j lm -4i (w') 
1T I (J) - (J) 

He cocTaensreT Tpy na y6enHTbCH, 'iTO cpy HKUHH 

hi (w) =- _1_ 
'fJ.(w) 

I 

dw' 

I 4.1 I 

I 4.21 

14.31 

RB11SIIOTCR p981l!tHbiMH aHa11HTH'l9CltHM H o6o6weHHblMH R -cpyHKUHHMH c on&HM 

cpH3H'l9CKHM p83p930M, Ha KOTOpOM MHHM8SI qaCTb HMeeT BH!l 

n pH'leM 

lm h 
1 

(w) = K (w) \1 + p,(w) l ~= K(w) \1 -h1 (<U) cp1 (w) l 2 

B. (w) 
t 

cp·(w)='i b .. 1J.(-w) 
I j IJ } 

14.41 

14,61 

h; 

nro6oe q11c.riO H30 

O!lHOBpeMeHHO 

rrp11 w>-1 

R -r' yHKUHSI 

3aiiHCaTb h· I 

h 
1 

(w) 

r!le 

a TaioKe 

noporoBOe y 



O*eT nepetiTH 

'lae, aenu-

ro pac

ao = 0,80 

H He HC'Ie3aeT 

/4,1/ 

/4,2/ 

/4,3/ 

C O.llBHM 

/4,4/ 

/4,5/ 

17 

h· l He lfM910T Hyrrefi H8 BCeii Kf'"\1!1.'18KCHOil l1'10CKOCTH r1 \!OT'yT li:\!9Tb 

niD6oe qncno uaorrapoBaHHhlX rronrocoB nepBoro nop~nKa Ha paapeae B TO'!Kax, rne 

0 :lHOBpeM 9HHO </>i = 0 H 8j = 0; HHTepeCHO OTMeTI1Tb, 'ITO ITOCKOJibKY 

npn w >- l , TO h2(w) He HMeeT TaKHX noniOcoB. CnenoBaTe.ribHO, K 

R -r' YHKUH~ He MO)l<eT 6b!Tb !l06aB.'"I9H8. n epe'l!fe.TTeHHble eBOliCTBa IT03BOJI~IOT 

38fll1C8Tb hj B BH!l9 

h I ( W) = - _!_ + W j ( W) + C I W + W '£ ------~lL _______ _ 

z 1 
1 

n w (w -w) 
In In 

1< w •" <"" 

/4.6/ 

r ;'le 

I 4.7 I 

TaK /J( e 

Tin~ 'l, - c, -,. ') 

/4,8/ 

lloporoaoe ycnoaae .:r.rr~ p-aonHbi .llaeT 

I 4.91 

V10 orpaH!I'IeHHOCTH .'1; H /4,5/ cnenyeT, 'ITO </>; orpaHH'IeHa. KpoMe Toro, 

rropH.:::tOK Hynei\ ¢; He MeHblLe '!eM nop~noK Hynefi ."1; nosTOMy 

' 1 i 2L(wl 1
2 

acer.lla orpaHH'IeHa, Be.rreneTBI1e 'lero 
'1; ( w) 

h. r 

TO-'lbKO !lBe p83JIH'IHb!X aeHMllTOTHKH: 

/A I 

/BCt 

h 1 ( w) ':: - _71_ __ In w 
d2 

I 

h; (w)-:::: c; w 

ecnu Bee c; = f) 

eenu Bee c;f' f) 

MO)KeT UMeTb 

/4.10A/ 

/4.10BC/ 

d· 
l onpe.a-eneHbi B /~.16/. TpeM pa3JIU'IHbi\-I acuMnTOTHKaM rrap-

llHa-'lbHbiX 8MITJIHTyn COOTBeTCTBy!OT CJienylOlUHe 3Ha'leHH~ KOStPcPHUI1eHTOB c;, 

K03rjJr!•HaHeHT8 c, BB8.ll9HHOro B /2.17/ H CBW:3eii :\I8)l(.llY HHMH 

Ia! c = 0 i c; = 0 /4,lla/ 

06loelKHeHHWi\ Mii'CTMTYT \ 

" 11epuwx MCCJieJJ.ul•<~"l'•• 

6J-'IGJI!o'!~)TC::Kt>. ' 



1 8 

lei C= "f. __!!.i_ f. ') 
t c i , 

q~ 0 14.11al 

n· c=l: 1 =0 
t C![ ' 

lei c; -1 I) 
14.1lcl 

OnycxaR; a:ax H paHee R '"'cPYHKUHI0 1 3anHweM B; B BH.ae 

r.ae 

TJ;(w)= z; 
1- z, !· (w)

J l 

1 
(()' -J z; c; 

(() 

(()• 
J 

14.121 

14.131 

Heo6xonHMoe H nocTaToqHoe ycnoBHe pe3oHaHca B Toqxe ~ 3aKniOqaeTcH 

B TOM, qTo B 9TOA ?OqKe KpHBhle 

Re 1r; ( w) 
( rP 

1 
( W) - Re A 

1 
( w ) f + (lm A 

1 
(w) ) 

2 
rP I ( (()) - R., A I ( (()) 

lrn h; (w) .. 
Imii l ( w) 

(r/J; (w)- ReA; (w))2+ (lm A;(w))2 

nepeceKaiOTCH C KpHBbiMH 

TO-eCTb 

r; (w) = K 2 p j (w) 
1+K2(w) r/J!(w) 

J 

K(w) 

a; (w) • 1 + K2 (w) r!J/(w) 

Re h . ( w) .. r. ( w ) 
. I J 

lrn hi ( w) = a/ w) 

14.141 

14.151 

14.161 

14.171 

14.181 

lei H lc 

lm h; = 2 

s. t 

npH 

w 



/4.11a/ 

/4,11c/ 

e 

/4.12 I 

/4.13/ 

38KJIIO'I89TCSI 

/4.14/ 

/4.15/ 

/4,16/ 

/4,17/ 

/4,18/ 

18 

VIa /4.8/ rronyqaeM 

Re hj(l) < r; (1) =f) /4.18/ 

nepefiaeM K aCHMIITOTHKe !IpH B cny'la<? Ia/ rrony'laeM H3 /4.10A/ 

0 /4.20/ 

DnH IBI H /c/ /4,10BC/ naeT 

/4.21/ 

nosTOMy 'IHCJ!O rrepece'I9HHfi '18THO DJ!H /a/ H He'leTHO DJ!SI /B/ H /c/, llng TO

ro, 'IT06b! ST!i rrepece'I8HIHI 6b!JIH pe30HaHCaMH, Heo6XODHMO 8ll{8 'IT06bi cpyHKUHH 

Im h;= --~--~--~ 1 + /i -[2 K(w) :\. (w)(l-<f>.(w) Reh.(w)) 1 l/4,22/ 
2 K (w) 'Pi (w) - · 1 t I 

/4,23/ 

JieiK8JIH Ha ODHOH II TOft :tl<e BeTBH, npH Bbl!IOJIH8H,HH YCJIOBHSI 

K 2<f> 
2 

(w) < 1 /4.24 I 

cfJYHKUHSI Sj J18)!{HT Ha MHHyc-BeTBH, Jm hi TaK)!(e JI8)!(HT Ha MHHyc-BeTBH Ha 

rropore H rrpH w -> oo • N\o)KHO TaK)Ke rroKa3aTb, 'ITO rrpH I <Pi (w) I<< l lm h; 

MOiK8T Jie)!(aTb Ha I1JIIOC-B8TBH TOJibKO B OKpeCTHOCTH HyneR aMITJIHTYLlbl, TeM 

CaMbiM M bl I1pHXODHM K BbiBODaM § 3 0 'IHCJie pe30HaHCOB. 06paTHMCSI K lUHpHHe 

pe30H8HC8. npH 

Re hi (w) "'- !_ + I 4.25/ 
z· I 

nosTOMy WHpl1Ha pe30HaHCa 6yneT 

r. :::::: z. w. K (w) 
l l l 

/4.26/ 
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C ROMOIU&IO /4.9/ B /4.25/ nonyqaeM TaK>Ke B 9TOM npu6nB>K9HHH 

z1 :::::: ...!_ 1 - t/Q) a [ 2 z o 
27 1-31/(JJ1 1 + d'(J)Ci 

~] 
1 + 1/ru2 

nosToMy z1 << z 0 B, ecnu nono>Keaue peaoaaacoe npHMepao o.ouaaxoeo, To 

r1 « ro B, BepOHTHO, r1 << r2 • B npe.oene BblKn10'19HHH B3aHMO.llelcTBHH 

M&I nony'laeM a.oec& Bblpo>K.oeaue. 

nepel.oeM IC HCcne.ooBaHHIO Hynel aMnnBTy.ll. 3TH HynB onpe.oenHIOTCH yc-

nOBBHMB 

Re h; ((JJ) .. --1 iii! e; ((JJ) I 

ifJ; ((JJ) 
lm hi ((JJ) • 0 

l.feTHOCT& ~Rena Hynel OIIpe.oenH9TCH 3HaiCOM Bblpa>KSBBH 

( li (1) - 1 )( hi (oa) - 1 ) 
i ( 1) e i (oa) 

H a nopore HMeeM 

h; (1) 
~~ (1) - 1 = A; (1) h;(l) < 0 

Ha 6ecJCOH9'1HOCTB .onH cny'laee /a/, Ia/ R /c/ HaXO.llRM 

( h; (oa) 
e i (oo) 

-1)= ,. 
dj' 1; c c i j cjl 

(JJ 

14.27 I 

/4.28/ 

I 4.29/ 

/4.30/ 

3TH QlOpMyn&I npRBO.llHT Hac B TO'IHOCTR K T9M >Ke CaM&IM 3aKn10'19HRHM, 

ICOTOp&Ie 6blnR nony'I9Hbl B § 3 B npRB9.ll9Rbl IS Ta6nane 2, nony'I9HH&Ie peayn&

TaTbl CnpaBe..::tnHBbl B npe.ononO>K9HRH, 'ITO Jm hj HaXO.llRTCH Ra MHRyc-eeTBR, a 

T&Jt >Ke K2¢J 2< 1 • 

PaccMoTpRM Tenep& BOaMo>KaocTR ocna6neHRH sTux orpaHB'IeHul. B aToM 

cny'lae TalC >Ke MO>KHO 

aaMeHol cD .... cfo; 
I 

npoeecTB paccy>K.oeHRH, aHanorH'IRble 113 c o'leeu.o Hoi 

(JJH • ... h • • nono>KRTen&HOCT& _:!!!i_ I 1 0 npR 9TOM 
I I d(JJ (JJ= + _ 

/ 

.Llns 

J.1 ccne 



14.27 I 

14.281 

14.291 

14.301 

HHSIM, 

peaynb-

C O'leBH.ll HOI 

l +O npH 9TOM 

( 
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rapaHTHpyeTCSI TeM, 'ITO C• 
I 

npH I <P; I « l serrHKH. TaKHM o6paaoM
1

H B 

aTOM CIIOC06e !\! bl IIpHXO.llHM K 38K.TIIO'IeHHIO 0 TOM, 'ITO pe30H8HC B p-BOJIHe IIO-BH-

BHnHo Tenepb, 'ITO see 6ea HCKJIIO'IeHHR peaynbTaThi § 3 H § 4 cornacyiOT

C!I Me)f(ny C06oJi H C BbiBOll8MH § 2. 

nonbiT8eMCSI Tenepb ycT8HOBHTb IIPH'IHHY 3TOI"'O COI"'IT8CHH, KOTOpOe He SlBJIH

eTC!I TpHBH8nbHbiM !!OCKOnhKy IlpH6nH)KeHHSI § 3 OTnH'I810TCSI OT IIpH6nB)K9HHA § 4. 

8 caMOM nene, R -ciJyHKUHH § 3 H § 4 OIIHCbiB810T paanH'IHbi9 HynH, KOTOpbi9 

ae MoryT cosnanaTb. 

Llns TOI"'0 1 'IT06bi T8K09 COBII8.ll9HHe HMeno M9CTO nns TO'IKH Heo6-

XO.llHMO, 'IT06bi B; (-wo) = 0 , 'ITO aeB03MO*HO. 

CooTBeTCTBHe peaynbTaToB MO*eT oaHa'laTb nH6o, 'ITO TaKHe R -ciJyHKUHH 

Boo5we Henb3SI BBO.llHTb lnono6HO TOMY K8K 3TO 6binO yCT8HOBJ19HO .ansr 

§ 41, nH60, 'ITO nonHbie COBOKYIIHOCTH npH6nH)KeHHH § 3 H §4 3KBHBaneHTHbi. :!oc-

nenHee 03H8'189T H8IIpHMep, 'ITO BBeneHHe R -qneHa B § 4 IlpHBOllHWee K Ha-

MeHeHHIO 'leTHOCTH 'IHCITa Hyrreftl COOTBeTCTByeT nepexo.ay Ha 'nJIIOC-BeTBb' B clJop-

Myne 13.131 nnH lm il i , H aapyweHHIO BTOporo H3 ycnOBHH 13.151. 

npennonO)KHM Tenepl:., nono6HO TOMY K8K 3TO 6b!JIO ,cnenaHO B HeHTpanbHOH 

Ill 
MonenH I 'ITO R -qneHaMa MO)KHO onHcaTb a¢¢eKTbi oT TH)KenhiX aecTa6Hnb-

HbiX "l8CTHU. 0TCIOll8 Bb!TeKaeT, 'ITO peW9HHSI, paCCMOTpeHHb!e B § 3 H §4 HBnH

IOTC!I 'npOCTeil:LLH'V!H' T8K)Ke H C cpH3H'IeCKOH TO'IKH apeHHSI, lOCKOJlbKY OHH OIIHCbi

B810T pacceSIHHe B OTCYTCTBHH Tg)f(enbJX H9CT86HnbHblX '18CTHU. 

§ 5. AnHa6aTHqecKoe pew eaHe npH ManhiX A 

ViccnenyeM Tenepb COOTB9TCTBH9 Me*nY ypaBHeHHSIMH 12.31 H o6bi'IH01!: II~ 

peaopMHpoBaHaoA Te_opHeA aoa AyweHHA. CpaBHeHae c Teopaeil: soaMymeHRA noaso

nHT oueHHTb cTeneHb TO'IHOCTH ypaaHeHHil: 12.31 B o6nacTH Manbix aaeprRA. Dns 

9TOA uenH p8CCMOTpHM T8KH9 peweHHSI CHCTeMbl 12.31 1 KOTOpb19 npH M8nbiX 3Ha'le

HH!IX napaMeTpa MoryT 6biTb paano*eHbi no cTeneHHM aToro napaMeTpa. Pewe&HH 

15 I 
TaKoro TRna nns ypasaeaHA "Yy MaHnenbcTaMa 6bmH nonyqeabi B pa6oTe c 

!IOMOlUbiO sneKTpOHHOH Bbi'IHCnHTeJlbHOH M8WHHbi 1 a T8K)f(e aaanHTH'IeCKHM MeTo-

16 I 
.aoM Tep-MapTHpocstHuM H CHMOHOBbiM • PeaynbTBTbi aTHx nsyx pa6oT xopowo 

cornacyiOTcst npyr c npyroM. 
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/6 I 0CHOBbiBa SIC& Ha STOM COI"JIBCHH M bl HCIIOJI&ayeM rrpHeM pa60Tbi H rrpe.n-

CTBBHM II8piiHBJI&Hble BMIIJIHTy Ilbl B BHJlQ 

A (cu) = 1 . 
D

8
(x) ' 

A (cu) .. _x_ 
D1(A) 

. x .. cu-1. v 
, (;+1 ~ 

M HHM ble '18CTH <f>YHXIlHA ll;( X) Ha paapeaax RMeiOT BR.ll 

lm D
8 

( x) = -Vi 0<x<1 

- 1 \1% vo ( .1_) 
X 

·% > 1 

-x v'% 0 < % < 1 
Im D1 ( x) = 

--Lv ( _l_) vic- 1 x x>1 

r.ne sae.neao o6oaHa'leHae 

¢1YHXllHH h; (cu) 

v; (x) • lm Ai (-11)) 

lm A; (o.t) 

MoryT 6DIT& npe.ncTaanesDI a BR.lle 

1 I 
Re D8 (x) • .L- ..!. 1 dr + ...1._ 1 vLdr v (c;D) 

•• , 0 \Ji"(r-x) , o(1/x- ') • 

... . r=- 1 1 
Re D1(x) • D1(o)- .AJ vl dr + -1 vl (1) dr+ x D 

,;-0 1 - x rr 0 \li?t/x-1) 

15.1 I 

15.21 

15.31 

15.41 

15.51 

15.61 

3Jlec& •a -.nnHHbi pacceHHHsr 8 
-sona, BBeJleHHble s 12.81, a 'IJieH xD 

Y'IHTbiB88T XOH8'1HOCT& p-BOJIHhl Ha nopore KpOCCHHI"-HHTerpana 

D = lim ..!!tJ& ,.. 1 
X ~(·1) 

15.7 I 

3Ta B8JIH'IHHa MO:lKeT 6biT& Bblpa)f{eHa 'lepea JlJIHHbl pacceHHHSI C IIOMOUI&IO 

KpOCCHHI"-CHMM8TpHH, KOTopaSJ Il88T 

I 

D 

Dl 

Do( 

D 
2 



16 I 
hi H npe.a-

15.1 I 

/5.2/ 

15.31 

/5.4/ 

15.5/ 

15.6/ 

/5.7/ 

C IIOMOI.Ub!O 
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a0 +5a 3 
3 

A (-1) =Sa 3 - 2a 0 , 4~(-1)= 2a 0 +a 3 
1 18 .. 6 

15.81 

18 D 
15.91 

B npaBbi1e qacTH 15,51 H 15.6 I Mor-yT 6biTb .no6asneHbi CHHI'YJIHpHbie qneHbi, 

COOTB9TCTBYIOWH9 B03M0)KHbiM HYJIHM IB TOM qHCJI9 H KOMIIJI9KCHbiM I napuHan&

HbiX aMnJIHTy.a. M bi npe.anoJIO*HM, qTo ecnH .aa*e TaKHe HYJIH H cyruecTsyroT, To 

OHH ne*aT .aocTaToqHo .aanexo H ae BJIHSIIOT aa nose.aeHHe aMnnHTY.llbi B o6nacTH 

9Hepr-Hit. npe.aiiOJIOX<9HHe 06 OTCYTCTBHH HYJIH IlpH X = } COOTB9TCByeT 

nor-apHcl:JM Hqecxoit acHM rrToTHK H I a I. 

CsSI3b c napaMeTpOM A y.ao6Ho ycTaHOBHTb, HCIIOJib30BaB HOpMHposxy B 

TOqKe CHMMeTpHH X = - 1. nonyqaeM 

15.101 

1 

D
1 

(-1) = 1J (0)- D + 0,137- .!_J dy Vz (y) 
1 • 11 0 yy(l + y) 

3.aecb HCIIOBb30BaHbl qHCJI9HHhl9 3HaqeHHSI HHT9I'paJIOB 

1 1 
Lr ay = L; _1_ r "ry ay - 2- 1 = o,137 
11 0 \!Y( y + 1) 2 11 0 1 + y ---;- 2 

15.111 

¢opMyJibl KpOCCHHT'-CHC\iMeTpHH 15,8/ .ll8IOT TSK)Ke ,llJISI II -BOJIH 

1 
TJ (oo) = _L+ _1_ J _!ly_ (1- V (y)) = _ _1__ __ = 3 

0 a
0 

11 0 \ry 0 Aq(-1) a
0 

+Sa 
3 

/5.12/ 

1 
D (oo) = L + _l_J _Az._ ( 1 - v (y)) = _1 _ = 6 

3 a 11 o yy 3 A (-1) 2a + a 
3 3 0 3 
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K poccHHr-cHM MeTpHH noaponHeT Tax )f{e nony'IHTh noporoBbie aHa'leHHSI 
cPYHKUHA V1 (0) • nony'laeM C fiOMOIUhiO /5,8/ 

v0 (0) • 3 ai +Sal ; v (0) = 6 2ai + a\ ; v (0) = -· 18 (2ai -Sa\) 
( ao +5a 2) 2 2 ( 2ao+,. ,J' 1 ( 2a o +Sa :l p 

/5.13/ 

3Ha'leHHH Vi (1) onpe.oenHIOTCH c noMOIULIO ¢opMyn Ia/ H /2,16/ 

~(1) = 0,475; v1 (1) ""'- 27,6 ; v2 (1) = 3,91 

B npe.oene Manhlx A 
npe.ocTaBHM .llllHH.bi pacceHHHH B BH.lle 

a8 =y8 A (l+a
8

A+ ... ) 

noacTaBllHH /5,15/ B /5,13/ nonyqaeM 

H 

r.oe sse.aeHo o6oaHa'leHHe 

v0 (OJ= o,6 , v2(0) = 2,25 

";/0)=- _M 
(a -a ) 2 

0 .:l 

~ (JC) = A2 "1 (x) 

/5.14 I 

/5,15/ 

/5,16/ 

/5.17/ 

Yfa Bbipa)f{eHHA /5,1 I H /5,5/ BR.llHo, 'ITO npH Man.bL'C A A
8

:::: a;::y
8

A 
BfillOTL .ll 0 X T8KHX 1 'ITO 

~ 1 + v.(lll In _1_ :sl 

" 1-x 
/5.18/ 

npHHRMasr 80 BHHMaHHe, 'ITO A1 
HMeeT nopH.oox ManocTH A2 , nonyqaeM 

V8 (x) ;::: V S (0) 15.18/ 

nosToMy 

Re D8 (x) = _L+ Ll x] ( _1_) + v (0) J
1

(x) I 
a 77 o x s s /5,20/ 



HSI 

131 

.141 

15 I 

61 

11 

81 

I 
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3..aeCb BB9.Ll9Hbi 0603H8'19HRSI 

I 

~ (x) = 2l \ffr 1.~ y) 
15.21 I 

• 
.,J 

06paTHMCSI K cPYRKURR v, (0) • .llnH ee onpe.oeneHHH Heo6xo..aHMo cnepaa 

H8ATR 8CHMI1TOTH'19CKH9 3H8'19HHSI BenH'IHH 'l
1 

(0), D 

nonO)KHM 

D
1 

(0) = ~
.V 

H A, (0) 

no.ocTaBngSI 15,151, 15,161, 15.HII H 15.221 B 15.51, H8XO.LlHM 

a 0 + 0,6 r = 2,089 

a
2 

+ 1,5 r = 0,3836 

C .opyroa cTopoHbi, H3 ypaBHeHHA 15.12 I nonyqaeM 

a -a = 15 ( 1 - v. (0) ) =- 24- ( 1 - v 2 (0)) = _Q_= 1,91 
0 2 7T 0 577 7T 

H IJOSTOMy, C llOMOlllbiO 15,91 H 15,161 -8 = 0,942 u v1 (0) =- 1,478 

C yqeTOM 15.241 l10JIY'I89M T8K)K9 If3/ 5,231 

T = 0.228 a 0 = 1 ,952, a 2= 0,042 

I 5.22 I 

15.231 

I 5.24 I 

I 5.25 I 

15.26 I 

..::InSJ onpe.oeneHHSI aenH'IHHbi f3 BOCI10Jib3yeMCH ¢opMynoii 15,6 I. n pH 3TOM Mbi 

npe.onono*HM, 'ITO rnaBH&Ie axna.o&r, nponopuHOHanhH&re , B npaay10 qacTb 

15,6 I ..aaiOT S -aonHblo 3TO npe,lll10JIO)K8HH9 COOTB9TCTByeT OTCYTCTBHIO peao-

HaHCOB B p-BOJIH8 IH S -aonHaXI 1 .llOCTaTO'IHO WHpOKHX 1 'IT06b! .ll8Tb BKna..a B 

HHTerpan nopSJ..aKa A 2 lnopst.oxa A I. B sTOM npe.o no no )KeHHH nonyqaeM noc-

ne HHT81"'pHpOB8HHSI 9rr fJ =- = 2,817 
10 

I 5,271 

M O*HO Tenepb nepeifTH K onpe.oeneHHIO cPYHKUHH ~ (x) . VfcXO.llSI Ha onpe.oe-

neHHH 15.41, aanHweM B rrpe.oene ManbiX A 

• 
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:r/2 
"" () 5 I ( ?_ (fo(:r)- f,(x))- 1 ftv (y) dy vt z •- 3 9 {3-Sx+_ -l 

Tl 0 VY ( L- y) 
X 

f (z) = ___4.s - _l_=t as-~ I x I ( _!_) + v (0) I (x) I 
s y .V A. rr o z s t 

s 

2 25 -1 ] + __ xl /5.28/ 
g 

/5.29/ 

Y'paBaeaHe /5.28/ MO:lKeT 6&ITb pew eao '.1eTO.llOM rrocne.uosaTenhHbiX rrpu6mr:meaufi, 

no.llCT&BJIH.fl B rrpaayro 'I&CTh /5,28/ npo6ayro cpyHKIIHIO ~(y)-:::'~(0)=- 1,478 

nony'la&M cneaa nepsoe npHonu:meaue H T.Ll. 3Ta rrpoue.uypa 6bJCTpo cxo.uuTcH K 

KpHBOI, KOTOpaH xopOLLO anrrpOKCHMHpyeTCH rrapa60JIOH, 

v (x) = V' (0)( 1 - x 2) 
t 1 

I 5. 30/ 

3aMeTHM 1 'ITO IlpH X 9TO Bblpa:meaue y LlOB.TieTBOpHeT TO'IHOMy 3Ha'leHHIO 

v (1) = lim A 2 v (1) = f) 
t t 

A-+0 

TaxHM o6pa3oM, nonyqaeM 

A2 Re D 1 (:s:) = {3 - x 8 + 2 -;t (0) I I (:s:) - I (x) I 
1'1 0 2 

/5,31/ 

B xa'lecTBe npoaepxH annpoKCHMaiiHH paccMoTpHM ¢opMyny /5,101,·3anHcaa ee B 

BH.ll e 

f3 + s- o,425'VJ (0) = L 
r 

15.32/ 

3.lleCb Hcrronb30Baaa nepaag ¢op!l.iynE> /5,11/, a Tax:me 

- ~ I2 ·(-1) = 'll- !_ = 0,075 
11 3rr 

Bb!'IHCJISISI {3 H3 /5.32/ nonyqaeM 

{3 = 2,81 

'ITO rrpaKTH'I9CKH COBII&.llaeT C /5,27/. 

• 

j 
l 

I 
I 

J 

n 

Aofc.l)• 

A:z(c.l) 

.LlnH 

aeotl.xo.aaM 

fiBJIReTCSI 

Tax :a:.ax B 

nona 

nepBOI'O B 

B 

A 11/ 
0 

A
1 

I 1 

A
2

11 I 

A 17 
0 

Al/7. 

A
2

171 
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I 

eHHIO 

1 I 

B ee s 

I 

• 
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npoB9.ll9M Tenepb Cp8BH9HH9 C TeopHei!: B03MyrueHHi!: 1 OCHOB8HHOA H8 nar-

paH>KH8H9 4tr>..1 (~~) 2 
• Bo BTopoM nopH.llKe no >..1 , npH HopMHpoaxe B 

TO "'Ke s = u = t = 4/3 nony"laeM 

LlnH Cp8BH9HHSI STHX Bbipa>KeHHA C peru eHHSIMH HHTerpanbHbiX ypaBHeHB'A 

Heo6.xo.llHMO nepeATR K aopMHpOBKe B O.llHOA H ToA >Ke TO'!:Ke. HaH6onee Y.llOOHOA 

SIBliSIElTCSI cfJH3H"l9CKHA nopor W = 1 

T8K lt8K B STOll: TO"'K9 BbiCLUH9 BOliHbl He .ll8!0T BK118.ll8. 

nonaraH nonyqaeM Ha cfJH3H"lecxoM nopore H Ha nopore 

nepaoro Heynpyroro npouecca /eM. Taon. 3/ 

TaonHua 

VfHTerp.yp. 

A I 1 I 5A 
0 

__l!}_A 2 
v A l /1 I 9rr 

A2 11/ 2A- 3,82A2 

A 171 5A-23,1 A2 
0 

A
1

!7 I 0,544 A2 

2A2 2 
A

2
171 - 9,70A 

3. 

TeopHH soaM. 

5A 

_Ml_ A2 v 
9rr 

2A- 3,7~ A 2 

5A - 24/l4 A2 

0,521 A2 

2K 10,26 A 
2 

0wH6Ka B 

"1119H8X A2 

0 

2% 

4% 

5% 

5% 

T aKHM o6paaoM HawK RHTerpanbHbie ypaBHeHHH, nony"leHHbie He Ha npe.llcTar. .. 

119HHSI M 8H.ll91IbCT8M8 1 a H3 .llHCnepCHOHHbiX COOTHOW 9HHA .!11151 p8CC9SIHJr51 Bnepe.ll 1 

B o5nacTH M81IbiX sHeprHI .ll8!0T norpewHOCTb B "'lleHax A2 
He- npeBbiWaJOwy!O 

5%. 3TOT Q:laKT YK83biBaeT H8 paayMHOCTb npH61IH>K9HHI C.lleliSHHbiX npB BbiBO.ll9 

ypaBH9HHI • 
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§ 6. 06cyw:neHHe peaynbTaToa 

HaH6onee HHTepeCHbiA peaynbTaT §§3,4 COCTOHT a HanH'IHH y3KOI"O peao

HaHCa a p-BOnHe nnSI peweHHA CO CTeneHHbiMH aCHMfiTOTHKaMH /a/ H /c/ Heaa

BHCHMO OT HanH'IHSI fiOJIIOCHbiX 'lneHOa nayx paCCMOTpeHHbiX THnoa. AH~nO!"H'IHOe 

rrono•eaHe HMeeT MecTo a HeATpanhHOA MonenH, rne nnH nony'leHHSI peaoHaHca 

crrenyeT JIHOO a3SITb CTeneHHYIO aeTab peuieHHSI, nH50 aaecTH 

aeTCTaYIO•UHA HeCT85HnbHOA '18CTHUe. 

R -qneH, cooT-

B HeATpanbHOA MonenH 6binO OTMe'leHO, 'ITO CTeneHHaSI aCHMITTOTHKa MO)KeT 

cooTBeTcTaosaTb rrarpaH•HaHy c npoaaaonHbiMH. BecbMa ni06on&ITHo, 'ITO TaKoe 

N<e COOTaeTcTaHe MO)KHO ycTaHOaHTb H a paCCMaTpHaabMOM 38pSI)KeHHOM cnyqae. 

AcHMnToTHKe /a/ conocTaanHeTcSI o6&I'IHbiA uepeHopMHpyeM&IA narpaH•HaH 

L 1= 4rrAj;$ if,) 2 /6.la/ 

AcHMnToTHKe Ia! cooTaeTcTayeT narpaH*HaH c nayMH npoaaaonH&IMH 

... ... ... ... 
L2= A2 [ c a" ifJ ) ifJ H c a" ifJ ) ifJ 1 /6 .. 1 a/ 

A~HMnTOTHKe lei cooTaeTcTayiOT nsa narpaH*HaHa c qeT&IpbMSI npoaaaonHbiMH 

... ... 
L=A({M__dL); 

3 3 ax ax 
IL IL 

... .... .... .... /6.lc/ 
L =A (~~)( 1!!. ~) 

4 4 a"" a~ a"" aXy 

Bee OCTanbHble 'leTbipeXITHOHHble narpaH*H8Hbl 9KBHBaneHTbl abiiTHCaHHbl M a HH3-

W HX nOpSinKaX TeopHH a03MYlll9HHA. 1-fHTepeCHO OTMeTHTb, 'ITO npH OTCYTCTaHH 

Ri ((i)) npoaeneHHbiA abiWe 8H8nH3 npRaOnHT K8K pa3 K 'leTblpeM HeaaaH-

CHMbiM' KOHCTaHTaM. TaKHMH KOHCTaHTSMH HanSIIOTcSI, uanpHMep A c 

£0 H II , aaeneHH&Ie a § 2. 

Baw:HOCTb peweHHA THna Ia! H /c/ , cooTaeTcTayiOmHx uenepeHopMHpyeMbiM 

aaaHMOneACTBHSIM, CBSI38H8 C TeM, 'ITO a 9THX peweHHSIX Y3KHA p-peaoHaHc 

aoaHHKaeT •crecTaeHHbiM o5paaoM. B sToA caSI3H aaMeTHM, 'ITo sKaHaaneHTHoe 

B38HMOneACTBHe C npOH3aOnHbiMH a QJH3HKe CHnbHbiX aaaHMOneAcTaHA npH MSnbiX 

ao no 

aHeprRA 

B 

H8HCOB 

Jr/( 

nonxon 

MH'19CX 

B 

p930 

......l 
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.lc I 

B HH3-
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9HeprHSIX SIBJISieTCSI BIIOJIHe 06bi'IHbiM. npHMepoM SIBJISieTCSI &HOM&JibHbiil: M&I'HHT

Hbii MOMeHT HyKJIOH&. 3¢<fleKTHBHbie narp&H)KH8Hhi 16.11 MO)KeT ll8Tb 1 H&IIpHMep 1 

171 
saaHMOlleAcTBHe qepea HyKnoH-aHTHHyKnOHHYIO rreTnro • .LlnSI nony"'eHHH yaKoro 

peaoHaHca s p-sonHe AOCTaTO'IHO llOBOJibHO cna6oro HerrepeHopMHpyeMoro B3aH-

MOllelcTsHSI. PaccMoTpHM peweHHe THIIa lsi, rrpeArronaraH :\2 M&JihiMB .• 

Torlla H3 paccMOTpeHHSI rrepsbix HeHcqeaarow&x qneHos TeopHH soaMyrueHHA, Mo)K• 

HO IIOK838Tb 1 'ITO IIOJIO)KeHHe pe30H&HC8 B p-sonue Wr H erO WHpHH& r 6y-

AYT nporropuHoHanbHbi 

16.2/ 

noaTOMY llJI!il Toro, 'IT06br Y3KHA pe30H8HC H8XOllHJICSI B o6nacTH M&JihiX 
2 

aHeprHA HY*BO :\,-::::\, « l 

B nocneAHee speMSI rrOSIBHncH PSill yKaaaHHii Ha cywecTsosaHBe yaKHX peao

H&HCOB B pSill9 peaKUHil: CHJibHO B38HMOlleiiCTBYIOLUHX '18CTHU, KaK H&IIpHMep, B 

181 
111< H 11 A pacceSIHHH • EcnH rrpeArrono)KHTb, 'ITO s¢¢eKTHBHbre Henepe-

HOpMHpyeMbie B38HMOlleftCTBHSI SIBJISIIOTCSI cyweCTBeHHbiMH, To TaKHe y3KHe peao

H&HCbi OK83biB8IOTCSI BeCbM8 ecTeCTBeHHbiMH. 

CooTBeTCTBHe Haw&x peayJibTaToB c narpaH)KHaHaMH 16.1 I He YllHBHTenbHO, 

IIOCKOJibKY lflH3H'IeCKH9 llOIIyLUeHHSI 06bi'IHOI'O llHCIIepCHOHHOI'O IIOllXOlla, 6ylly'IH 

llOCT&TO'IHO 06LUHMH, BKJIIO'I8IOT B ce6SI B03MO)KHOCTb BCeX B38HMOlleii:CTBHil: 16.1 :, 

paBHO KaK H B38HMOAeii:CTBHil: C IIPOMe)KyTO'IHbiMH H9CTa6HJibHbiMH Me30H8MH. 

M bi IIOJIY'IBJIH 3lleCb ewe OAHO IIOll TBep)KlleHHe TOI'O, 'ITO llHCIIepCHOHHbiA 

IIOllXOll BMeCTe C YCJIOBHSIMH YHHTapHOCTH He IlpHBOllHT K OllH03H8'1HOMY llHHa-

M H'leCKOMY OIIHC8HHIO. 

B uacToSiwee speMH C'IHTaeTcH ecTecTBeHHbiM csHabrsaTb H&JIH'IHe yaKoro 

peaouaHca c cywecTBOB&HHeM TSI)KenoA HecTa6HnbHOii q:acTHubr. B HaweM aHanHae 

STOMY COOTB9TCTByeT BBeAeHHe R -qneHa. OllHaKo, KaK Mbi BHAenH, HMeeTcSI 

BTopaH soaMO)KHOCTb nony<t:eHHSI yaKoro peaoHaHca aa c<t:eT s¢¢eKTHBHoro Hene

peHOpMHpyeMoro B38HMOlleACTBH!il, 

M bi He MO)KeM cel'laC CllenaTb Bbr6op Me )KAY STHMH ABYMS£ B03MO)KHOC-

TSIMH IIOJiy'leHHSI yaKHX pe30H&HCOB. 0AH8KO, Bbi60p peweHHSI CO CTeneHHOI 

&CHMIITOTHKOI rrpeACT&BJISieTCSI HaM 6onee ecTeCTB9HHbiM, IIOCKOJibKY OH He Tpe-

6yeT BBeA9HHSI HOBbiX I'HIIOTeTH'I9CKHX 'laCTBU. 



30 

B 38Kn~qeaHe aBTopaM XoTenocb 5hl no5naro~apHTb noryHOBa A.A., 

:v\ewepSIKOBa B.A., rHH35ypra 11.¢. H Cepe5pSIXOBa B.B. 38 none3Hbie o5cy)K~e-

HlfSI. 
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