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Co,ll.ep)Kanae 

Viccne.ll.yeTCSI ypasnenae, onHCbiBaiOruee pacceSIHHe neiTpanbHbiX nceB.ll.OCKanSip

nnoc M930HOB B o6naCTH HH3KHX SHeprHI. flony'leHO o6ruee peLUeHHe STOrO ypasHeHHSI 1 

. /1/ 
ananoraqnoe peLUeHHIO KacTHnbexo, .llanHTna H Jlalcona .ll.nSI ypasneHHSI t.{y-noy,; 

3TO peLUeHHe .ll.ODYCK8eT ,ll.B8 pa3nH'IHbiX 8CHMDTOTH'leCKHX DOB9.ll.9HHSI DpH 60nbLUHX -:1 
sneprHSJX. B cnyqae, KOr.ll.a npa 6onbLUHX sneprHSJX aMnnaTy.ll.a y6blsaeT KaK {8-, E)J 
perueHHe COOTBeTCTByeT nepenopMHpOB8HHOI TeOpHH B03MyiUeHHI. Bo BTOpOM cnyqae, 

KOr.ll.a 8MDnHTY.ll.8 y6biB8eT K8K E-¥ , peLUenae ne cooTseTCTsyeT TeopHH sosMy- ~-· 

rueHHI. B neKOTOpOM CMbiCne OHO MQ)KeT 6biTb CODOCTSBneHO C nenepeHOpMHpyeMbiM 

a!f/ a !1'/ z. 
narp8H)KH8HOM ( '/8~ "/aKf'# ) • 3TO BTOpoe peLUeHHe o6na,ll.aeT pSI.ll.OM HHTepec-

HbiX OBOICTB. B '18CTHOCTH J ORO OK83biB8eTCSI Bbip0)K,ll.9HHbiM DpK BbiKni0'19HHH B38HMO-

,ll.eiCTBHSio 

-

t'i-. 

'0 
i ___ 
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1. B B e JJ. e H H e 

B nocneJJ.HHe rOJJ.hi 6hma npeJJ.npHHSITa nonhiTKa nocTpOHTb TeopHIO cHnbHhiX 

B3aHMOJJ.eAC.TBHA B o6naCTH HH3KHX 9HeprHA., HCXO)J.SI H3 aHanHTH'ieCKHX CBOACTB aMnnH

/2/ 
TYJJ.hi pacceSIHHSI 1 B ¢opMe • npeJJ.no*eHHOA MaHJJ.enbcTaMOM ,. H Tpe6oBaHHSI yHHTap-

HOCTH. 

B ocHoBy paccy*JJ.eHHA 6hino nono*eHo npeJJ.nono*eHHe o B03MO)KHOCTH saMKHy

Toro onHcaHHSI SIBneHHA 6 o6nacTH HH3KHX sHeprHA. MaTeMaTH'ieCKH sTa rHnoTesa cso

JJ.HTCSI K JJ.onyweHHIO 0 TOM 1 'iTO noseJJ.eHHe aHanHTH'ieCKOA ¢YHKUHH B ManoA o6naCTH 

/3/ 
onpe.aenSieTCSI 6nHsne)KaWHMH OC06eHHOCTSIMH • 

OrpaHH'ieHHe o6nacTbiO ManhiX sHeprHA nossonSieT npH6nH)KeHHO sanHcaTb ycno

BHe YHHTapHOCTH TOllbKO C y'ieTOM JlByxqaCTH'iHhiX npoMe)KyTO'iHbiX COCTOSIHHAo TaKOe 

npH6nH)K8HHOe ycnOBHe YHHT8pHOCTH BM8CTe CO cneKTpanbHb!M npe.llCTasneHHeM .aaeT 

/2 4/ 
B03M0)KliOCTb HanHCaTb 

1 
3aMKHyTyiO CHCTeMy HenHHeAHhiX HHTerpanbHbiX ypaBHe-

HHA .anSI aMnnHTY.llhi pacceSIHHSI, KaK ¢yHKUHH .asyx nepeMeHHhiX. 

BBH.llY cno*HOCTH TaKHX ypasHeHHA .aenaiOT ewe o.aHo npH6nH)KeHHe, npe.a

cTaBnSISI aMnnHTY.llY pacceSIHHSI B BH.lle CyMMbl He60nbWOrO 'iHCna nepBbiX qneHOB 

ee pasno*eHHSI no nonHHOMaM Jle*aH.apa. TaKHM nyTeM lfy H MaHJJ.enbcTaM nony'IH

/5/ 
nH saMKHYTYIO CHCTeMy HenHHeAHhiX HHTerpanbHbiX ypaBHeHHft .anSI HH3WHX napuH-

anbHhiX aonH nHoH-nHOHHoro pacceSIHHSI. Bcne.a sa 9THM aHanorH'IHbie ypasHeHHSI 6hinH 

/6 7/ 
nony'leHbi .anSI pSI.aa npoueccos • H .ap. B 9THX pa6oTax npH aHanHse aHTH9pMHTo-

BOA 'laCTH aMnnHTYJlhl B KpOCCHHr-HHTerpane HCnOnb3YIOT aHanHTH'ieCKOe npO.llOn)KeHHe 

no nonHHOMaM Jle*aH.apa B o6nacTb /co.sB/">1 . Ho orpaHH'IeHHe nepBhiMH qneHa-

/8 9 10/ 
MH pSI.ll8 Jle)KaH.apa npHBOJlHT K 60nbWHM OWH6KaM 

1 1 
1 KOTOpbie OC06eHHO BenHKH 

npH Bb!COKHX 9HeprRSIX KpOCCHHr-npouecC"OB. YlHTerpanbi OT Bh!CWHX napuHanbHbiX BOnH 

OK83b!B8IOTCSI paCXO.llSIWHMHCSI1 a peweHHSI ypaBHeHHft HeycTOft'IHBb!MH no OTHOWeHHIO 

K ManbiM B03MyWeHHSIM B o6JiaCTH Bb!COKHX 9HeprHA. AHanHTH'ieCKOe npO.llOn)KeHHe no 

• /11/ 
nonHHOMaM Jle)KaH.apa B 'iaCTHOCTH npHBeno K npOTHBOpe'iHSIM npH nonbiTKe onpe.ae-

nHTb napaMeTphi pesoHaHca p- ¢as hi '1{'"1( -pacceSIHHSI H3 7C N- pacceSIHHSI 

H H3 CTpyKTypb! HyKnOH8 1 a T8K)Ke K H8B03M0)KHOCTH nony'iHTb ycTOA'IHBOe peweHHe 

/12/ 
ypaBHeHHA .anSI X~ -pacceSIHHSI c 6onbwoA p -aonHoA • 
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TaKHM o6pa30M1 Hcnonh30B8HHe aHanHTH"lecKoro npo.llOn:>KeHHSl no nonHHOMSM 

ne:>K8H.llp8 B KOHe"'HOM HTOre npHBO.llHT K npOTHBOpe"'HIO C HCXO.llHbiM npe.llnOnO:>KeHH

eM 0 38MKHYTOCTH o6naCTH HH3KHX 9HeprHHa Oepe"'HCneHHble Tpy .llHOCTH MOryT nopo

.llHTb COMHeHHSl B B03MO:>KHOCTH nocTpoeHHSl 38MKHyTOI TeOpHH CHnbHblX B38HMO.lleA

CTBHI npH HH3KHX 9HeprHSlX. 

0.llH8K01 no H8llleMy MHeHHI0 1 .llnSl TSKOro neCG:HMH3M8 llOK8 ewe HeT .ll0CT8TO"l
_,. 

HbiX ocHosaHHA. BecbMa B03MO:>KHo, "'TO nepe"'HcneHHhie TPY.llHOCTH MoryT 6h!Tb npeo-

.llon eHhl npH HeCKOnbKO .llpyroM nO.llXO.lle K BbiBO.llY ypasHeHHA .llnSl napUHMbHbiX 

/9 10/ 
sonH, npe.llno:>KeHHOM s pa6oTax • • B aTOM BhiBO.lle He Hcnonb3yeTcsr aHanHTH"le-

CKQe npO.llOn:>KeHHe no nonHHOM8M ne:>KaH.llp81 H ypasHeHHSl .llnSl napUHMbHbiX BOnH 

OTnH"l810TCSl OT ypasHeHHA THna qy-~aH.llenbCT8M8 CTpyKTypol KpOCCHHr-HHTerpanos. 

3TH HHTerpanbi 1 B "18CTHOCTH 1 o6na.ll810T ny"llllel CXO.llHMOCTbiO B 

lllHX 9HeprHI. 

o6nacTH 6onh-

YnOMSlHyT8Sl nporp8MM8 MO:>KeT npHBeCTH K OnHCSHHIO SlBneHHI B o6naCTH HH3KHX 

9HeprHI, CB060.llHOMy OT BHyTpeHHHX npOTHBOpe"'HI. Jlnsr 9TOro1 pa3yMeeTCSl 1 Heo6xo-

.llHMO BbinOnHHTb "'HCneHHOe pellleHHe ypasHeHHI .llnsr napuHanhHhiX sonH pa3nH"'HhiX 

npoueCCOB H B nepsy10 O"lepe.llb .llnSl nHOH-nHOHHOrO pacceSlHHSl 0 Oocne.llHHe 6hinH >;:c--

/8/ / :f 
nony"leHbi s pa6oTe H s 6onee npocTol <PopMe, s npe.llnono:>KeHHH 1 "'TO at- H -

/9/ 
sonHhi npeHe6pe:>KHMO MSnhl no cpasHeHHIO c S- H P- sonHSMH 1 s pa6oTe • OpH 

Bb!BO.lle 9TH X ypasHeHHA 6binH HCnOnb30B8Hbi nHlllb CTpOr 0 .llOK838HHbie .llHCnepCHOHrible 

cooTHOllleHHSl .llnSl paccesrHHSl snepe.ll. 

Jlnsr TOr0 1 "'T06hl nposeCTH "'HCneHHOe pellleHHe 9THX ypasHeHHI 1 He06XO.llHMO 

npe.llCTSBHTb ce6e XOTSl 6bi HeKOTOpb!e 06UlHe CBOICTB8 pellleHHI ypas'l:eHHI T8KOrO 

/9/ 
THna. 0.llH8K0 1 aHanHTH"leCKOe HCcne.llOB8HHe ypasHeHHI pa60Tbi 0K83biB8eTCSl cno:>K-

HbiMo 

C 9TOA uenb!O Mbl paCCMOTpHM CHS"lana HeATpMbHhiA- aHanor CHCTeMbl ypaBHeHHI 

/9/ 
pa60Tbl • 3TO paCCMOTpeHHe npHBO.llHT K pSl.llY B8:>KHbiX cne.llCTBHI 1 KOTOpbie Heo6xo-

.llHMO npHHHM8Tb BO BHHMSHHe npH 8H8nHTH"leCKOM HCCne.llOB8HHH H "'HcneHHOM pewe

HHH T8KHX ypaBHeHHI. 

2. YpasHeHHe H rroBe.lleHHe pellleHHSl rrpH 6onblllHX aHeprHHX 

B paccMaTpHsaeMOM cny"lae aMrrnHTy.lla pacceHHHSI A HBnHeTCSI cKanHpHol 

cPYHKUHeii Tpex 06hi"'HbiX HHB8pH8HTHb!X apryMeHTOB 

' I 

I 
1'-
~-
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S==Lt(vn) 
I 

u== -2v(t.,c) t =- zv(t-c) 1 (2.1) 

r.ae 
f~ 

\) == / .1'1 • c = cose ? H - HMnynbC H yron p8CC9HHHB B CHCTe~ 

Me ueHTpa Mace. B cHny Kpocc&ur-cHMMeTpHH ¢YHKUHB A HBnBeTCB CHMMeTpH'IHOI 

OTHOCHTen&Ho nepecTaHOBKH mo6ol napbl apryMeHTOB (2.1 ). nosToMy ee pB.a Re.>Kau.a-
~ /9 10/ 

pa co.aep.>KHT TOnbKO '19THble C o B COOTB9TCTBHH C Hawel nporpaMMOI 1 
J Mbl 

OTO.>K.QeCTBHM 8MDnHTy.Oy pacceHHHB Bnepe.a C 5 -sonaoA 

~ 

.1/(cJ,c)::! J/D(v)=:: J/(v), (2.2) 

J.1cnonb3yst CHMMeTpHJO 8MDiiHTY.Obl OTHOCHTenbHO nepeCT8HOBIIIH S H f H npu-

HHM8B BO BHKM8HH91 'ITO 

nony'laeM 

j/(v) = e·~r~ /l{v~,·E)1 
e-o 

Ycnos&e yHKTapuocTK .anB' 5 -sonHbi MO.>KeT 6b1Tb aanKcaao B BK.ae 

JI'Y1 ..1/{v)= /l{v} /Afv)/z V>O 

K{v) == r--\J · Vv:;( 

(2.3) 

(2.4) . 

3Ta ¢opMyna HBnBeTCH T04LHol snnoTb .ao nopora nepsoro aeynpyroro npouecca npH 

V •3. Mbi, o.auaKo, 6y.aeM C'IHTaT&, 'ITO ¢opMy~a (2.4) cnpase.anKsa npH scex nono

.>KKTen&HbiX \} , npe.anonaraB, 'ITO T&Koe .aonyweHKe Mano nosnaBeT ua peweHHe npK 

MMbiX V • cl>opMyna (2.4) orp8HK'IKB89T !f>yHKUHIO ~(i/J t D09TOMY npK H8DHC8HHK 

.QHCnepCHOHHOro COOTHOW9HHB .QOCT8TO'IHO O.QHOrO Bbi'IKT8HHB1 KOTOpoe Mbl c.aenaeM 

B CHMM9TpH'IHOI TO'IK9 V .: - ~ • nony~HM 

j/{v)= ~ + - --''-} ./v' v+ v-;~t • 

(2.5) 

Via cpopMynbl (2.5) BH.auo, 'ITO npe.anono.>KeHHe 

V-'>-

DpHBO.OKT K norapK¢MH'IeCKOMY pOCTy peanbHOA '18CTH H1 cne.aosaTenbH01 K npOTHBo-

pe'IHIOo nosTOMy 
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H1 cneaoaaTenbH0 1 Mbi MO:>KeM HanHcaTb ypaaHeHHe anSI /l{v) 6e3 Bbi'IHT8HH.fl -.1/ (v} = ; /e7~/l(&(') ( -f-
o 

I ] + . o/u '. 
1./~ V-1 I (2.6) 

113 (2.6) Tax:>Ke cneayeT, 'ITO 

-a 

.A=; J >0 
(2.7) 

0 

~· 
TaxHM o6pa3oM ypaaueuxe 6e3 Bbi'IHTaHH.fl (2.6) .fiBn.fleTc.fl MaTeMaTH'IecKH SKBHBaneur-

HbiM ypaaHeHHIO C Bbi'IHT8HHeM (2.5). 0TCIO.ll8 BbiTeKaeT
1 

'ITO npOH3BOn B peweHHHJ CB.fi-

38HHbiA: C napaMeTpOM )\ ne .fiBnsteTC.fl Cne,llCTBHeM Bbi'IHT8HH.flo 

3. PeweuHe YpaaHeHH.fl 

BaeneM npe:>Kne acero uoay10 nepeMeHHYIO 

.I 
/l(v) = 8 (w). ( 3.1) 

z 
CJ = (2V+t) 

YpaaHeHH.fl {2.4) H (2.6) npHMyT BH.ll 

j;n (3(w}= k t'w) I B t£-VJ I z 
~t. 

kcw)= ( Vw -I)~= f((v) 
tz;T -f I 

(3.2) ... 

-8(c.v) = _(_/ el'h? 8fc..J') / , 
7{ w , C( t:.() • , -w 

(3.3) 

/1/ YpaaHeHHe (3.3) pewaeTc.fl MeTO.llOM KacTHnbexo, .UanHTaa, .naacoua • PaccMoTpHM 

·anSI sToro cpyHKIIHIO 8(w }a KOMnnexcuoA nnocKoCTH ~ = W"''.Y . B t'WJ o6naaaeT 

cne.llyiOUlHMH CBOA:CTB8MH: 

1. AuanHTk'lecxag a nnocKOCTH E' c pa3pe3oM /i, e>o:>} • npH'IeM 

8"'(¥)::: 8(~·) H :/,.,., f3(w+t'o) = kcc..JJ/8(4J~,f)j.2 

2 • .Hsn.~teTC.It o6o6meuuoA /C -cpyHKIIHeA, T.e. jn? fJ {~ J = .A (il J · J...., ~ 
e- /8fc.JY/z 

)d~J = ~ j lt(w') 1 "·''- ~ /Z ol'w' > 0. 
I 

• 

1 

l 

I 

--! 

I 
j 

-I 
I 
I 
I 

j 

I 
' I 

"' -----
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nosTOMY B (I!) He HMeeT HHr.ae HyneA 38 HCKmo'leHHeM pe8nbHOA ocH H 6ecKoHe'lHO 

y .ll8neHHOA TO'lKHo 

3. £3 {W)>O npH W ~ i 

4. Mo:>KeT HMeTb mo6oe KOnH'leCTBO H30nHpOB8HHblX Hyne1t H8 0Tpe3Ke (I,-) 

P8CCMOTpHM ~YHKUHID 

/-/{~} = _!_ .. 
13 (<J) 

f/(i1) o6n8.aaeT CBOACTB8lyi:H! 

1. AH8nHTH'lH8 B KOMnneKCHoA nnocKOCTH c paape30M [1, oo) J npH'leM 

J-/Yi2)=f/(;>/ 1.1 H8 paape3e Jl?'? HftAJ-u·o)=- /t{c..J) 

(3.4) 

2. HBmreTCH o6o6weHHoA 

npH :J,~rl0. 

1(, -~yHKUHeil: 1 H 1 cne.llOB8TenbH0 1 He HMeeT Hyneil: 

3. He HMeeT HHr.ae noniDcoB 38 HCKniD'leHHeM (!, 00) , r.ae B03MO:>KHO niD6oe 

KOnH'leCTBO H30nHpOB8HHblX noniDCOB nepBoro UOpSI.llK8 (sTO cne.ayeT H3 21 T8K K8K 

noniDC8 B.biClllero nopH,llK8 He o6n8.ll8IDT CBOACTB8MH 'R -~yHKUHH ). 
4. He HMeeT Hynel H8 .lle.ii:CTBHTenbHOA OCH. 

0TCID.ll8 MO:>KHO H8UHC8Tb o6wee Bbip8:>KeHHe ,llnH 1-/(8) 

(3.5) 

r.ae 

:1 <' w., < 00 • (3.6) 

npoBepHM CBOACTBO 2. YIMeeM H3 (3.5) 

I 

A r~J 1 joo krw') e¥w' > 0 
- 7r I 41'- ~I z • 

I 



0TCIO.lla BbiT9KaeT, 'ITO 

D ~0 11...,., J c ~o. (3.7) 

OposepHM Terrepb csoAcTso 4. 

H (w) rrpH W < / MOHOTOHHO y6biBaiOwaH ¢yHKUHSI H, cne.ooaaTenbHo, Llml Toro, 

'IT06bi y Hee He 6hino HyneA Ha STOM HHTepsane, .LlOCTaTO'IH0 0 'IT06bl 

r.lle 

a 

~ ~ ..,: J (t) + c -/- R (I)} .. 

Jlw) , _, j- ~cw') olw, = 7C- 2 6 Qo (6)- ~ Q., (If;;:) 
- '""" (..J ' { w'-w) '"' 

I 

__JL I ~,. V., I 

Q. (x) = f P,., !.:!..!.... 
X-! 

- <l:JyHKUHSI ne)[{aH.opa 2-ro po.lla. 

Co6HpaS1 peaynbTaTbi, rronyqaeM peweHHe ypasHeHHSI ( 3.3) s sH.oe 

.A 

(3.8) 

(3.9) 

BtwJ= 
J- )h, J(w) -.A c w- ,Awllfw) 

(3.10) 

3LleCb l((w) orrpe.oeneHa ¢opMynoA (3.6) , a KOHCTaHTbi .A. c ,el? 
~[..._ 

IIOLl'IHHeHbi ycnosHSIM ( 3. 7), ( 3.8). OrpaHH'IeHHe ( 2. 7) HBnHeTCSI cne.llCTBHeM aTHX ycno-

BHA. 

4. CpasHeHHe c TeopHell soaMyweHHA: 

YcTaHOBHM COOTB9TCTBH9 M9)[{.LIY ¢opMynoA (3.10) H peaynbTaTaMH TeopHH 

soaMyweHHA. C'IHTaSI A ManbiM H paanaraH aHaMeHaTenb (3.10)_, rrony'IHM 

1/(v}= ~ + ;.z. J(r~v+l,/lJ -t A cw -~o.ALw R.Cw) + 0()/). ( ) r / 4.1 

0epBbl9 .LISa 'lneHa B ( 4.1) COOTB9TCTBYIOT .LIHarpaMMaM nepsoro H BTOporo IIOpSI.LIKa 

TeOpHH B03MyWeHHA 1 OCHOBaHHOA Ha narpaH)[{HaHe 

ol (11) 

int f ;rA JP ~x J. 
3 

( 4.2) 

.., 

( 

~ 

1 

• 

1 

' 
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LJ:eTBepTbi:Il 'iJieH COOTBeTCTByeT UOJIIOCHbiM BKJIS.QSM OT .OH8I'p8MM
1 

COOTBeTCTBYIOlUHX 

BTOpOMy UOpSI.OKy TeOpHH B03MylU9HH:Il .QJISI JISI'p8H:>KH8H8 BH.QS (eM. B STO:Il CBSI3H 
/13/ 

pa6oTy .LlaacoHa L 

(I) 

.£. t .L)\ 
= (4.3) 

I',Qe UOJISI £'.,.(liC) OUHCbiBSIOT HeCT86HJibHbie 'lSCTHUbi C MSCCSMH }tt'l'l- > J. 
0 

CooT-

~"'- H A MO:>KeT 6biTb nerKo ycTaHoane-

H00 

TpeTH:Il 'iJieH MO:>KeT 6biTb UOCTSBJieH B COOTBeTCTBHe HenepeHOpMHpyeMOMy narpaH-

:>KHSHY 

f [ ( ~. )~ )1. 
.::. ~X n -

~ 7' (4.4) 

npH'ieM 

PaayMeeTCSI1 COOTBeTCTBHe C JI8I'p8H:>KH8HOM ( 4.4) SIBJISieTCSI B BbiCWe:ll CTeUeHH 

ycnOBHbiM, UOCKOJibKy Mbi He yMeeM CTpOHTb UOCJI9.QOB8T9JibHyiO TeopHIO B03M YLU9HH:Il 

/14/ AJISI TSKOI'O JI8I'p8H:>KH8H8o 0.QHSK01 KSK UOK838HO O.QHHM H3 8BTOpOB 
1 

UO.Q06Hoe COOT>-

BeTCTBHe Y.089TCSI yCTSHOBHTb B HepeJISITHBHCTCKO:Il TeOpHH. 

Mbi OTJIO:>KHM o6cy:>K.QeHHe STOI'O HHTepeCHOI'O 06CTOSIT9JlbCTB8 H OI'pSHH'IHMCSI 

Ce:ll'ISC 8H8JIH30M 'IJI9HOB B (4.1 )
1 

COOTB9TCTBYIOlUHX narp8.H:>KH8Hy (4.2). 

npOBO.QSI Bbi'lHCJI9HHe S -aonHbi, Mbi nony'IHM Ha ( 4.2) 

r,ae 4MUJIHTy,aa UepeHopMHpOBSHS B TO'iKe v = o, 
T.e. 

H 

(~J A on 
'T. 8. 

--

= 

A (o) 
T. B. 

(4.5) 

(4.6) 
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Bbipa:>KeHKH ( 4.5) K ( 4.6) cne.nyeT cpaBHKTI:o c nepBbiMH qneHaM.I'I ciJopMy nbi ( 4.1), KOTo

paH nocne nepexo,na K HOBO it HOpMHpOBKe 1 MO:>KeT 6b!Tb 38fiKC8H8 B BH,l!le ( 4.5) 1 npH-

qeM 

A 
(:1.} 

()I} 
H.Y. 

== .z 
.:(. (...J..) - .2.5 Q.,(~ J - ,fi Qo 1& • 

CpaBHHM qneHbi sToporo nopH.nKa (4.6) H (4.7). B6nHaH nopora nonyqaeM: .. 
a) H3 TeOpHH B03MylUeHHit 

C.t} ...., 

A = r. B. 

I yx 
r.& z. ~~~-r J -x--x -···· 
~S" .11 $" 

6) H3 peLUeHHH HHTerpaJibHOrO ypaBHeHHH 

LLJ 

AH.Y. - I)( 
3 

lb X~ 
IS' 

~~ J _..x -·· 
Js-

Ha nopore nepeoro Heynpyroro npouecca npH Y =: J H8XO.llHM 

(1.1 

A r. n. 
A {1.) 

H.Y. = -3,3~3. = l.r.tt 
) 

( 4. 7) 

Mbi BK.llHM OTCIO.ll8
1 

'iTO B o6naCTH M8Jlb!X SHeprHit peLUeHHe HHTerpaJibHOrO 

ypaBHeHHH C XOpOLUeit TO'iHOCTbiO COOTBeTCTByeT peayJibTSTSM TeOpHH B03MylUeHHito 

0LUK6Ka npH 
~ = 3 B qJieHe eToporo nopg,nxa cocTaengeT ecero 6%. 3To cornacHe 

fiO.llTBep:>K,llSeT rHfiOTeay 0 B03MO:>KHOCTK 38MKHYTOrO OfiHCaHHH OOJ18CTH MliJlbiX 9HeprHil:. 

5. PeaoHaHcHaH eeTBh pemeHHH 

VIa ciJopMynbi (3.10) BbiTexaeT, 'iTO npH v-- pemeHHe .nonycxaeT .nee 

p83JIH'iHbie aCHMfiTOTHKH: 

a) A lV) "" 

'7(;' -.t""-v 
(5.1) 

'iTO COOTBeTCTByeT OTCyTCTBHIO HenepeHOpMHpye¥biX B38HMO,lleitCTBHit 1 H 

6) I 
c y.Z. J 

(5.2) 
A,,> "" 

'iTO COOTBeTCTByeT HenepeHOpMHpyeMOMY narpaH:>KKSHy (4.4 ). 3TH 8CHMfiTOTHKH He 

38BHCHT OT 'iSCTH ~ cflYHKUHH
1 

cooTeeTCTBYIOlUeA HecTa6HnhHbiM qacTHUSM. B .nanb-
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HeJlweM IlJIH npOCTOTbi Mbi orpaHH'IHMCH paCCMOTpeHHeM cnyqag, ~Of'lla HeCTa6HnbHbiX 

'laCTHII HeT HnH, 'ITO SJ03HBaneHTH0 0 KOI'lla cpaaa He 06paruaeTCH B Hynb npH 0 < 'V<.C>O. 

Tor.ua peweHHe a cnyqae (a) He .uonycxaeT peaoHaHca, a B cnyqae (6) HMeeT peao-

HaHC B TO'IKe 

-- I { __!.._ v)l. .z ·b.c. (5.3) 

EcnH A H j o.uHoro nopH.uxa, TO peaoHaHc Haxo.uHTCH a o6nacTH HH3KHX 
SHeprHA. 

PeaoHaHcHoe peweHHe npH Manbrx A 
M02KeT 6biTb aanHCaHo B BHlle 

+ • ( 5.4) 

B npe.uene MHHMaH 'laCTb Acv) annpOKCHMHpyeTCH J -cpyHKUHHMH 

],. A< v > ~ ~;. ( v..-. • i J [ s c J) _ """ ) - .r c ),7 + v .... + J , J , (5.5) 

a .ueACTBHTenbHBH 'laCTb IIOniOCHbiMH 'lneHaMH 

~e At.v) ~ ~ ( 
11

1'&. + f. ) [., ..... ' -v + ll
4 

.... v + • } • (5.6) 

TaxHM o6paaoM npH cpHKCHpoaaHHOM 

nponopnHoHanbHO 
lllHpHHa peaoHaHCa CTpeMHTCH K HyniD 

H npH A :: o Mbi nonyqaeM Hyneaoe peweHHe. <Paaa pacceH-

HHH CKa'IKOM MeHHeTCH OT 0 llO 71: B TO'IKe peaoHaHca 'V.,oa.. 
1 

nono2KeHHe KOTOpoA 

HBnHeTcH npoHaaonbHbiM. TaxHM o6pa.:moM npH .-\ = 0 peweHHe oxaabraaeTCH BbiP02KlleH-
HbiM. 

0TMeTHM 1 'iTO B .UaHHOM cny'lae ol -aonHa A2 6y.ueT nponopUHoHanbHa nepaoa 

CTeneHH A • 0Ha1 OllHaxo., Bbipa2KaeTCH 'lepea KpOCCHHI'-rfHTerpan C 60nblllHM 3HaMe

HaTeneM, 6naro.uapg 'leMy OU3biBaeTCH ManoA. Tax, HanpHMep, npH v.l'l. = 3 H 0 < 17< G 
'IHCneHHbie C)II8HKH .UaiDT 

(, ~ 
/~. 
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Ka:lKeTcst aecbMa aepostTH.piM, 'ITO peweHHst .nnst aapst:lKeHHoro cn)"{ast TSK:lKe 

o6na.na10T npoHaaonoM THna ( 3.10). Mo:lKHO noKaaaTb1 'ITO peweHHst aapst:lKeHHOi 

CHCT9Mbl .ll01l:lKHbl y6bJB8Tb Ha 6eCKOHe'lHOCTHo KpoMe norapHtPMH'leCKOi aeTBH 1 COOT

BeTCTByiOWeA nepeHOpMHpOB 8HHOA TeopHH BOaMyWeHHA1 TaM MOryT cywecTBOB8Tb aeTBH 

c 6onee 6bJCTpbiM y6biBaHHeM aa 6ecKOHe'lHOCTH. OpH BbJK1liO'leHHH aaaHMo.neil:cTBHSI 

STK aeTBH .ll01l:lKHbl npHBO.IlHTb K paapbiBHbJM ¢aaaM1 UO.Il06,fO TOMy K8K STO 6bl110 OUH-

C8HO BbJWeo 

IV 
C.nenaeM HeCK01lbKO aaMe'laHHA o aoaMO:lKHOCTH nony'leHHSI peweHHSI (3.10) ii 

/5/ • 
MeTo.noM t.{y- MaH.nenbCTaMa (eM. ). 

BH.n KHTerpanbHoro npe.ncTaaneHKSI .nnst tPYHKUKH .D cywecTBeHHO aaaKCHT 

OT 8CHMUTOTKKK tP83bl UpK 9 ~ 00 
o 8TO npe.llCT8B1leHHe onpe.neneHO C TO'lHOCTbiO 

/15 16/ 
.llO U01IHHOM8 CT9U9HH ')t 

1 
1 r .ne 

')t = I coo > - t 'I)> 
7C" 

II 

Bb16op npe.ncTaaneHHst a ¢opMe ( V. /5/ 
12) H3 pa60TbJ COOTBeTCTByeT 1'l •0. TeM :Jo· 

CaMbJM t.{y H Maa.nem:>cTaM aapaHee HCKJ1IO'IK1IH soaMO:lKHOCTb H~'leTHoro 'IRena peaoaaa

/5/ 
COB B napnHanbHbJX B01IH8Xo 00STOMy ypaBH9HHSI BK.Il8 ( V.ll ) 1 (V.l2) K3 He MoryT 

OUHCbJB8Tb peweHHA BH.Il8 ( 5.4) o 

PeaOH8HCHble peweHHSI BH.Il8 ( 5.4) Tpe6yiOT BBe.nellKSI BTOporo Bbl'IKT8HH51 B ypaa

HeHHH (V.12). 

0TMeTHM1 'ITO K TaKoMy :lKe aaKniO'leHHIO npKwen Tsinop a caoeA nocne.nHei 

/171 
pa6oTe • 

N" 
3aMeTHM T8K:lKe1 'ITO)UO H8WeMy MHeHHIOJ ypaBHeHHSI 

.D 
MeTO.Il8 THUS 

(V.ll )1 (V.12) He 51B1l51IOTC51 y.no6HbiMH .anSI o6ecne'leHH51 KpOCCHHr-·cHMMeTpHH .neA-

CTBKTe1lbHOI: 'l8CTH 8MU1lHTf.llblo 

<\11'-

6. 06cy:lK.IleHHe peay1lbT8TOB 

C.nenaeM npe:lK.ne acero o.nHo ¢opManbHoe aaMe'laHHe. PeweHH51 (a) H (6) 

HaUOMHH810T no p51.1lY CBOICTB MO.Ile1lbHbl9 Bblpa:lKeHH51 .ll1151 tPYHKllHA rpKHI;l B nepeaop-

. /18 19/ 
MKpyeMbJX H HenepeHOpMHpyeMbJX TeOpK51X 1 npe.nnO:lKeHHble B pa60T8X 

1 
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PeweHHe (a) aHanorH'IHO Bbipa.>KeHHIO .ansr cPOTOHHOA: cPYHKUHH rpuHa • .Llnsr Hero 

cnpase.anuso cneKTpanbHoe npe.acTasneHHe 6es Bbi'IHTaHusr (T.e. ypasHeHue (2.6) ). 

O.aHaKo, ecnu Mbi nonbiTaeMCH npoaecTH pasno.>KeHue no cTeneHSIM A no.a 3HaKOM 

cneKTpaJibHOrO HHTerpana, TO nocne HHTerpHpOB8HHSI nonr'IHM norapHcPMH'IeCKH pacxo

llSIWHeCSI HHTerpaJibi B Ka.>KUOM nOpSI.aKe no ~ o ECJIH .>Ke npoBeCTH OUHO Bbi'IHTaHHe 

B cneKTpanbHOM npe.acTasneHHH, T.e. nepeA:TH K ypaBHeHHIO (2.5) 1 TO 9TH pacxo.au-

MOCTH He B03HHKaiOT0 

PeweHHe (6) COOTae;C'I.'BY~T B STOM CMbiCJie cPYHKUHH rpuHa HenepeHOpMHpyeMOA: 

TeopHH. EcnH pasnaraTb no.aHHTerpanbHOe Bbipa.>KeHue B (2.6) no cTeneHsrM -\. K f 
TO Mbi nony'IHM HHTerpaJibl 1 CTeneHb paCXOUHMOCTH KOTOpbiX B03pacTaeT CO CTeneHbiO 

f • 3TH paCXOUHMOCTH HeJib3SI y.aaJIHTb JII06biM KOHe'IHbiM 'IHCJIOM Bbi'IHTaHHA:. 

TaKHM o6pa30M 1 peWeHHe (6 ) He HMeeT COOTBeTCTBHSI C TeOpHeA: B03MyiUeHHfl:. 
-

0.aHaKO HeT HHKaKHX OCHOBaHHfl: OT6pacbiBaTb ero H orpaHH'IHBaTbCSI peweHHSIMH THna 

(a) 1 KOTOpbie ci:JaKTH'IeCKH npe.acTaBJISIIOT co6ofl: aHMHTH'IeCKOe npo.aon.>KeHHe TeOpHH 

soaMyrueHHfl: s o6nacTb HeManbiX )\ • PeweHHSI Tuna ( 6) sransriOTCSI Bbipo.>K.aeHHbiMH 
. /20/ 

npu BbiKniO'IeHHH B3BHMo.aefl:cTBHSI. KaK 6bmo OTt.e'leHo Eoroni060BbiM 
1 

peweHHSI 

., TaKoro THna npe.acTaBmiiOT 60JibWOfl: HHTepec B psr.ae aa.aaq CTaTHCTH'IeCKOfl: cPH3HKH. 

Mbi BHUHM Tenepb1 'ITO TaKue peweHHSI MOryT OKa3aTbCSI Ba.>KHbiMH H llJIH aa.aaq Teo

pHH aneMeHTapHbiX qacTuu. HsaecTHo, 'ITO 33-peaoHaHc a 7r /1( -pacceSIHRR sranSieTCSI 

.aoaonbHO ysKHM. K TaKoMy .>Ke saKniO'IeHHIO npHso.asrT u npe.aaapHTenbHbre oueHKH 

fJ -pesoHaHca B ?r?C -pacceHHHH. O.aHaKo nony'leHHe yaKoro 33-pesoHaHca HaTan;
/21 22/ 

xuaaeTcsr Ha 6onbwue Tpy.aHoCTH • • Ewe 6onhwHe Tpy.aHoCTH aosHuxaiOT npH 

nonbiTKax nony'leHRSI ysKoro p -pesoHaHca B !Ji !if -pacceHHRR/23•241• Pewe

HRSI TUna /6/ BeC&Ma eCT9CTB9HHbiM o6pa30M npRBOUSIT K y3KHM pe30HaHCaM. 

0cHOBbiBaSICb Ha SIBHOM BH.ae peweHHSI ( 3.10) Mbl MO.>KeM c.aenaTb TaK.>Ke cne.ayiO-

ruee aa.>KHoe aaKniO'IeHHe. 

ViHTerpan&Hbie ypaaHeldtsr, nonyqeHHbie H3 .aucnepcHOHHbiX cooTHoweHufl:, ycnosHfl: 

yHHT8pHOCTH H KpOCCHHr-CHMMeTpHH)He npHBOUSIT K OUH03Ha'IHOMy OnHCaHHIO npouec

COB pacCeSIHHSio nnsr TOr0 1 'IT06bi nOJIHOCTbiO Onpe.aeJIHTb peWeHHe 1 He06XOUHMO sa

U8Tb Ha6op (6ecxoHe'IHb~! ) napaMeTpoa • 

.3TOT cPBKT He SIBJISieTCSI y UHBHTeJibHbiMo .LJ.ucnepCHOHHbJe COOTHOWeHRSI OTpa.>KaiOT 

JIHWb aeCbMa o6IUHe CBOfi:CTBB TeOpHH.I TBKRe KaK npH'IHHHOCTb H peJISITHBHCTCKyiO 
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HHBapH8HTHOCTb1 H He .oeTanH3HpyiOT KOHKpeTHOro MeX8HH3Ma B3aHMO.OeikTBHSI. 8 9TOM 

CMhiCne IIOnO)KeHHe B penSITHBHCTCKOif .llHCllepCHOHHOH TeopHH IIOnHOCTbiO COOTBeTCTByeT 

/13,14/ 
IIOnO)KeHHIO B HepenSITHBHCTCKHX MO.Oengx ( CM. 0 HallpHMep, ) • 

TaKHM o6pa30M .ong Toro, 'iT06hi nony'iHTb TeopHIO H3 HHTerpanbHhiX .oHcnepcHoH

HhiX ypasHeHHit Heo6xo.aHMO 3a.aaTb eme pg.o csoilcTB peweHHit aTHX ypasHeHHit. T aK, ,. 
HanpHMep0 B paCCMaTpHBaeMOM HeitTpanbHOM cnyqae 1 .llOCTaTO'iHO 3a,llaTb 3Ha'ieHHe 

aMnnHTY.llhi Ha nopore npouecca, acHMIITOTH'iecKoe nose.a&HHe Ha 6ecKoHe'iHOCTH H no

Tpe6osaTb 0 'iT06bi <jla3a pacCeSIHHSI He o6pamanacb B Hynb. no.oo6Hble orpaHH'ieHHSI 

MO)KHO HanaraTb1 BBO.llSI cPHKCHpOBaHHble KOHCTE'.HTbl Bbi'iHTaHHSI 0 noporOBOe 3Ha'ieHHe 

38,llaeTCSI rrepBblM Bhl'iHTaHHeM. 3a.aaHHe BTOpOi!: KOHCTaHTbl Bbl'iHTt>..llHSI ( T.e. llpOH3-

BO.llHOit aMnnHTY.llhl Ha no pore) 9KBHBaneHTH01 II pH OTCyTCTBHH Hyneit <jla3bl 1 cPHKCHpo-

B8HHIO acHMIITOTH'ieCKoro nose.oeHHSI. TaKoit cnoco6 cPHKCHposaHHSI peweHHSI S!BnS!eTCSI 

HaH6onee y.llOOHbiM llpH 'iHCneHHOM pellleHHH HHTerpanbHhiX ypaBHeHHife 

Mo)KHO Tenepb HeMHOrO rro<jlaHT83HpOBaTb 0 cPH3H'ieCKOM CMbiCne napaMeTpOB 1 

onpe.oenSIIOlllHX pemeHHSI. Mo)KHO, so-nepBhiX1 ycTaHaBnHB aTb COOTBeTCTBHe Me)K.OY 

9THMH rrapaMeTpaMH H narpaH)KHaHaMH THlla (4.2), (4.3) H (4.4). 3.oecb MO)KeT 

OKa3aTbCSI 0 'iTO B IIHOHHOif cPH3HKe B8)KHYIO ponb HrpaiOT B3aHMO.OeHCTBHSI 1 KOTOpble B 

/25/ 
TeopHH B03MyUleHHit S!BnSIIOTCSI HerrepeHOpMHpyeMbiMH 0 (CM. B 9TOit CBSI3H pa6oTy ). 

VfHblMH CnoBaMH .llHCnepCHOHHbllt IIO.llXO.ll MO)KeT .aaTb B03MO)KHOCTb nyTeM cpaBHeHHSI 

C 9KC11epHMeHTOM OTBeTHTb Ha BOllpOC 0 CyUleCTBOB8HHH HerrepeHOpMHpyeMbiX CHnbHbiX 

B3aHMO.OeifCTBHit. 

Bo-sTopbiX, MO)KHO C'iHTaTb1 'iTO paccMaTpHsaeMbie napaMeTpbi y'iHThiBaiOT BnHg

HHe HeynpyrHx npoueccos Ha ynpyrHe npoueccbi B o6nacTH ManhiX aHeprHi!:. TeM caMhiM 

Mbl llpHXO.llHM K B03MO)KHOCTH <jleHOMeHOnOrH'i8CKOrO y'ieTa HeynpyrHX 11p0U8CCOB B 

cxeMe .osyxqacTH'iHoro npH6nH)KeHHSI. 

8 3aKniO'ieHHe OTMeTHM 1 'iT0 1 KaK IIOKa3biBaeT aHanH3 1 Te cymecTBeHHbie CBofi-

CTBa HeitTpanbHOif MO.oenH 1 OOCY)K.lleHHIO KOTOpbiX Obin IIOCBS!UleH 9TOT pa3,aen 1 rrpHCYlllH 

TaK)Ke H pacceSIHHIO 3apg)KeHHblX IIHOHOB0 Pe3ynbTaTbl HCcne.aoBaHHSI peanbHOro 3apg

)KeHHoro cnyqag 6y.ayT H3nO)KeHbl B cne.ayiOUlHX CTaTbSIX• 

ABTOpbl C'iHTaiOT CBOHM npHS!THhlM .aonrOM rro6naro.oapHTb I-f.H.Eoroni06osa1 

.Ll.Vf.EnoXHHuesa H A.A. J1oryHosa 3a none3HhJe o6cy)K.oeHHSI. 
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