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B03Mo~uo nu panuauuouuoe oxna~neuue Kauanupy~mux 'lSCTuu? 

06cy~I!.8~TCR cj>aKTOpbi, Ol'p8HH'lHB810mHe pBI!.H8UHOHHOe 38TyX8HHe 

nonepe'IHhiX Kone6auull KauanupyJOWHX nrouTpouoe H aneKTpouoe. KeauToB~ 
MeXSHH'leCKHe Ol'p8HH'leHHSI CBR38Hbl C npeKpameHHeM H3nyqeHHR nocne 

nepeX01!.8 '18CTHUbl B OCHOBHOe COCTORHHe, OnpenenRJOWYIO p01Ib Hl'p810T 

Ol'paHH'leHHR H3-38 MHOI'OKpaTHOI'O paCCeRHHR, J.1x BnHRHHe yMeHbwaeTCSI 

C pOCTOM 3Hepi'I!H, HO I!.S~e npH O'ICHb Bb!COKKX 3Hepi'HRX (y ~ 104 
) OHH 

npi!BOI!.RT K TOMy, 'ITO nonepe'!Hble KOne68HHR nepeCT810T 38TYX8Tb, H HX 

8MllnHTYI!.8 C Te'leHHeM epeMeHH B03p8CTaeT. 

Pa60T8 Bbmonueua B na6opaTOpBB Bb!COKHX 3Hepi'HA QJ.1,f!J.1, 

Coo6weuue 06beJlHHeuuoro HHCTHT)'Ta Sl!lepHbiX HCcneAOBaHHli. Dy6ua 1978 

Bonch-Osmolovsky A .G., Podgoretsky M. I. P2 - 11634 

Is Radiative Cooling of Channelling 
Particles Possible ? 

The factors restricting the radiative damping of trans
verse vibrations of channelling positrons and electrons 
are considered. Quantum-mechanical restrictions are 
connected with radiation stoppage after the particle 
transition to the ground state. The main part is played 
by restrictions due to multiple scattering. Their influ
ence decreases with the energy growth, however, even at 
extremely high energyes (y~10 4 ) this results in stopping 
of transverse vibration damping, and their amplitude 
increases eventually. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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§ 1. B pa6oTax' 1 - 4 , paccMoTpeHo pa.n;HaUHOHHoe 3aTyxa

HHe IIOIIepeqHblX KOJie6aHHH KaHaJIHPYIOU\HX II03HTpOHOB H 

3JieKTPOHOB. B ocHoBy 6blna rrono~eHa H.n;eaJIH3HpoBaHHaH 

KapTHHa, CB060,IJ,HaH OT BJIHHHHH ,IJ,eKaHaJIHpyiOU\HX tlJaKTOpOB, 

IIpHqeM B pa6oTax13 •41 BeCb aHaJIH3 IIpOBO,IJ,HJICH B paMKaX 

KJiaCCHqecKHX rrpe,IJ,CTaBJieHHH 6e3 yqeTa B03MO~HbiX KBaH· 

TOBbiX orpaHHqeHHH. C KBaHTOBOH TOqKH 3peHHH 3aTyxaHHe 

CBH3aHO C rrepeXO,!J,OM H3 6onee BblCOKHX C06CTBeHHbiX 

COCTOHHHH Ha 6onee HH3KHe, H IIOCJie rrepexo,IJ,a B OCHOBHOe 

COCTOHHHe ,IJ,aJihHeHwee 3aTyXaHHe rrpeKpamaeTCH. llMeeT· 

CH, CJie,IJ,OBaTeJibHO, HeKOTOpaH MHHHMaJibHaH aMIIJIHTy,IJ,a 

IIOIIepeqHblX KOJie6aHHH *, II pH IIpH6JIH~eHHH K KOTOpOH KJiaC

CHqeCKHe tPOPMYJibl, IIpHBe,IJ,eHHbie B /3/, TepHIOT CMbiCJI. 

BnHHHHe MHoroKpaTHoro KynoHOBCKoro pacceHHHH TaK

~e IIpHBO,!J,HT K TOMY, qTQ KOHeqHaH BeJIHqHHa aMIIJIHTY,IJ,bi 

IIOIIepeqHblX KOJie6aHHH OTJIHqHa OT HYJIH. ~eHCTBHTeJibHO, 
Ka~,IJ,biH aKT KyJIOHOBCKOrO pacceHHHH COIIpOBO~,IJ,aeTCH B03-

6y~,IJ,eHHeM rrorrepeqHbJX Kone6aHHil; rrpe~.ne qeM OHH ycrre

IOT IIOJIHOCTblO 3aTyXHYTb, IIpOHCXO,!J,HT CJie,IJ,yiOwHH aKT 

pacceHHHH, 3aTeM - TpeTHH H T.,IJ,. B KOHIJ;e KOHUOB MO~eT 
ycTaHOBHTbCH He 3aBHCHwee OT HaqaJibHblX yCJIOBHH CTa· 

UHOHapHOe COCTOHHHe, IIpHqeM BeJIHqHHa paBHOBeCHOH aM· 

IIJIHTY,IJ,bl orrpe,IJ,eJIHeTCH COOTHOWeHHeM Me~,IJ,y B036y~,IJ,eHHeM 
IIOIIepeqHblX KOJie6aHHH H HX 3aTyXaHHeM **. 

!1 2/ !11 
* CM. TaK~e KpaTKoe 3aMeqaHHe B • ; B pa6oTe , 

HMeeTCH orreqaTKa, HCIIpaBJieHHaH B fi.)I(Tcl>, 3, ll00 

/1977/. 

** Ponh KynoHoBcKoro pacceHHHH B rrpouecce KaHa

JIHpoBaHHH HeO,IJ,HOKpaTHO o6cy~,IJ,aJiaCb B JIHTepaType /eM., 
Harrp. if>/, a Ta~e /6/ H CCblJIKH, IIpHBe,IJ,eHHble B '6 

1
(0,IJ,HaKO, 

HaCKOJibKO HaM H3BeCTHO, pacceHHHe paCCMaTpHBaJIOCb BHe 

CBH3H C pa,IJ,HaUHOHHblM 3aTyXaHHeM. 
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IJ.enL HaCTOJIU{eii: CTa TLH COCTOHT B auanH3e yKa3aHHbiX 

BLIIIIe IIpH'IHH, orpaHH'IHBaiOU{HX pa,D;HaD;HOHHOe 3aTyXaHHe. 

B .IJ;anLueii:IIIeM Mbl 6y.IJ;eM HHTepecoaa TLCJI KauanupoaauueM 

TonLKO npu oqeuL 6onLIIIHX :meprHJIX IE > 1 T3BI, Kor,IJ;a 

ORO COIIpOBO)K,IJ;aeTCJI ,IJ;OCTa TO'IHO HHTeHCHBHLIM 3ileKTpOMar

HHTHLIM H3ily'leHHeM. 

§2. HaqueM c KBaHTOBOMexauuqecKHX orpauuqeuuii:. 

HH)I(e 6y,IJ;eT BH,IJ;HO, 'ITO aMIIilHTy,IJ;a KOne6aHHH, OTBe'laiOU{HX 

OCHOBHOMY KBaHTOBOMY COCTOJIHHIO, Mana IIO cpaBHeHHIO 

c rronepe'IHLIMH pa3MepaMH Kauanoa. B 3THX ycnoBHJIX 

MO)I(HO C'IHTaTL, 'ITO B cnyqae O,IJ;HOMepHOrO KaHanHpOBaHHJI 

lrrnocKOCTHoe Kauanuposauue no3HTpouoa, Kauanupoaauue 

3neKTpouoa BHYTPH "cnoes", o6pa3oBaHHbiX TerrnoBLIM .IJ;BH

)I(eHHeM aToMoB KpHcTanna/3,7/ I ycpe,IJ;ueuublii: norrepeq

Hblii: IIOTeHD;Han HMeeT BH,IJ; 

U(x)- .l... kx2 
2 111 

~JI .IJ;ByMepuoro KauanupoaaHHJI locesoe Kauanupoaauue 

II03HTpOHOB, KaHanHpOBaHHe 3ileKTpOHOB BHYTPH "Tpy-

6oK" 13 ,B •9 / Ia CXO,IJ;HbiX ycnOBHJIX IIOTeHu;Han 

U(x,y) • .l...k (x 2+Y 2), 
2 121 

r.IJ;e y - BTopa• nonepequaJI Koop.IJ;8HaTa. llpu TaKoM noTeu

u;uane ,II;BH)I(eHH.R B HaiipaBJieHH.RX X H y He3aBBCHMbl, 

H HX MO)I(HO paccMaTpHBaTh IIOp03Hh. 

3a.IJ;a'la cocTOHT a KBaHToaauuu KnaccuqecKoro ypasue

HHJI ,IJ;BH)I(eHB.R 

d 2x my-+kx-0, 
dt 2 131 

B KOTOPOM y -nopeuu;-l!laKTOp KaHanupyroll{eii: 'laCTBD;bl. 

KaK H3BeCTHO, ,IJ;ilJI OCHOBHOrO COCTOJIHH.R OCD;HnJIJITOpa, 

OIIHCbiBaeMOrO ypaBHeHHeM 13/, HMeeT · MeCTO paBeHCTBO 

"h 
7- (1'1 2 /4 kmy ), 141 

T.e. MHHHMani.Ha.H aMIIilHTy,IJ;a xapaKTepH3yeTCJI BenH'IBHOH 

~ )lh. - ('h2/4kmy)
114

, lSI 

4 

... 

-1/4 
KOTopa.a: c pocToM 3Hepruu yMeHLIIIaeTCJI - y . Muuu-

ManLHLiii nonepe'IHLIH HMIIYilLC q onpe,D;en.a:eTC.H ,IJ;ilJI OCHOB· 

HOrO COCTO.HH8JI COOTHOIIIeHHeM 

--
X 2 • q 2 • l._ fi2 

4 
161 

MHHHManLHLiii yrnoaoii: pa36poc Kauan8pyromeii: qacTHD;LI 

@].q2fp2 ' 171 

r.IJ;e p - 8MIIYilLC npO.IJ;OilLHOrO ,IJ;BH)I(eHH.H. 113 COIIOCTaBneH8.H 

141, 161 8 17 I cne,IJ;yeT 

- kA2v , 
() 

<) ( u ) Y2 -3/2 
~--- ·y' 

4mc2 181 

A 1J. u 

r ,IJ;e u"" iiiC - KOMIITOHOBCK88 pa.IJ;8YC. 

0AH8M 83 napaMeTpoa, xapaKTep83yromux Kauan8poaa

H8e, .HBn.HeTCJI T .H. Kp8T8'1eCK8H yron 

e ( - _v 
Kp = y y) Y2 

3,IJ;eCL 

y-~ 
kA2 

Kp 

191 

1101 

r,IJ;e AKP - MaKC8ManLHO .IJ;onycTHMaJI aMnnuTy.IJ;a nonepeq

HLIX Kone6au8ii:, np8 KOTopoii: Kauan8poaau8e eme ue pa3-

pyiiiaeTCJI. ConocTaaneuue 181 8 191 npHBO.IJ;8T K 

e2 ~ - lh 
---- .(L) 
0 2 2A r 

Kp Kp 

1111 

CooTBeTcTaeuuo, 83 141 TaK*e cne.IJ;yeT 

x2 11 y lh 
----·(-) 111 'I 

A2 2A Y 
Kp Kp 
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113 /11/ H /11 'I BH~Ho, qyo c pocToM 3HeprHH KaHanHpyro

UUIX qacTHIJ; paCCMaTpHBaeMLie KBaHTOBble orpaHHqeHHJI 

ocna6JIJIIOTCJI. B HHTepecyromeii Hac o6nacTH BbiCOKHX 3Hep

rHii Y = Y HJIH eme 60JILWe, H KBaHTOBble OrpaHHqeHHJI 

Mano cymecTBeHHbl. HanpHMep, npH nnocKOCTHOM KaHanHpo

BaHHH n03HTpOHOB B~OJIL nJIOCKOCTeH /110/ KpeMHHJI 

-:;r% 2 
(~) <4.10., ;aHaJIOrHqHaJI BeJIHqHHa npH KaHaJIHpOBaHHH 

AKP -
3JieKTpOHOB BHYTPH "Tpy6oK" HJIH "CJIOeB" CBHHIJ;a COCTaBJIJI

eT npHMepHo 8. 1o-2 .TionyqeHHble o.o;eHKH onpaa~LIBaJOT 
HCXO~Hble npe~nOJIOlKeHHJI, CcPOPMYJIHpOBaHHLie B HaqaJie 

HaCTOJIIIJ;ero naparpaclla. 

§3. llepeii~eM TenepL K aHaJIH3Y pOJIH MHOrOKpaTHOrO 

KyJIOHOBCKOrO pacceJIHHJI, KOTOpaJI, KaK BLIJICHHTCJI B ~aJIL

HeHWeM,JIBJIJieTCJI onpe~eJIJIIOIIJ;eii. ,l(JIJI onpe~eneHHOCTH or

paHHqHMCJI nJIOCKOCTHbiM KaHaJIHpOBaHHeM nOJIOlKHTeJILHLIX 

qacTHIJ; /n03HTpOHOB/. llpHHJITOe B TeOpHH KaHaJIHpOBaHHJI 

npe~cTaaneHHe o ~BHlKeHHH qacTHIJ;LI B ycpe~HeHHOM none, 

C03~aBaeMOM HenpepbiBHO "pa3Ma3aHHbiMH" 3apJI~aMH, JIB

JIJieTCJI BCero JIHWL MO~eJILHLIM OnHCaHHeM COBOKynHoro 

~eHCTBHJI CKOppeJIHpOBaHHbiX MelK~Y co6oi nocne~oBa TeJIL

HbiX aKTOB KYJIOHOBCKOrO pacceJIHHJI Ha OT~eJILHbiX aTOMaX 

KpHcTanna. Cne~oaaTeJILHO, KYJIOHOBcKoe pacceJIHHe BbiCTy

naeT "B ~BYX JIHIJ;aX", OHO o6yCJIOBJIHBaeT cyiiJ;eCTBOBaHHe 

CaMoro KaHaJIHpOBaHHJI H OHO lKe JIBJIJieTCJI OCHOBHbiM 

~eKaHaJIHpyiOID;HM cPaKTOpOM. llo3TOMY npelK~e BCero CJie

~yeT BbiJICHHTL, qeM onpe~eJIJieTCJI COOTHOWeHHe MelK~Y 

yKa3aHHbiMH ~BYMJI JIBJieHHJIMH. 

3~eCL Ha~O pa3JIHqaTL KYJIOHOBCKOe pacceJIHHe Ha aTo

Me, KaK Ha e~HHOM .o;eJIOM, H pacceJIHHe Ha OT~eJILHbiX 

3JieKTPOHax aToMa. B nepBOM cnyqae B aKTe pacceJIHHJI 

BHyTpeHHee COCTOJIHHe aTOMa He H3MeHJieTCJI. ECJIH, K TOMY 

lKe , He H3MeHJieTCJI H COCTOJIHHe ero KOJie6aTeJILHOrO 

~BHlKeHHJI B6JIH3H COOTBeTCTByiOIIJ;ero Y3Jia KpHCTaJIJIHqeCKOH 

peweTKH, TO COBOKynHOCTL nOCJie~OBaTeJILHbiX aKTOB TaKOrO 

po~a npHBO~HT K Kay3aJILHOMY ~BHlKeHHIO, OnHCbiBaeMOMY 

C nOMOID;LIO ycpe~HeHHOrO noTeH.o;HaJia. ECJIH lKe KOJie6a

TeJILHOe ~BHlKeHHe aTOMa H3MeHJieTCJI, COBOKynHOCTL TaKHX 

aKTOB OnHCbiBaeTCJI CTaTHCTHqecKHM MHOrOKpaTHbiM pac-
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CeJIHHeM, JIBJIJIIOIIJ;HMCJI O~HOB H3 npHqHH ~eKaHaJIHpOBaHHJI. 

,l(pyrHM ~eKaHaJIHpyiOIIJ;HM cPaKTOpOM liBJIJieTCJI pacceJIHHe 

Ha OT~eJibHLIX 3JieKTpOHaX aTOMOB, KOr~a B pe3yJibTaTe 

pacceJIHHJI 3neKTpOHLI cTaHOBJITCJI cao6o~HLIMH. CoaoKyn

HOCTb TaKHX aKTOB TaKlKe npHBO~HT K MHOrOKpaTHOMY 

pacceJIHHIO, H B ~aJibHeHWeM Mbl 6y~eM npHHHMaTb BO 

BHHMaHHe TOJlbKO 3TOT npo.u;ecc, noCKOJlbKY H3BeCTHO, qTO 

HMeHHO OH JIBJIJieTCJI onpe~eJIJIIOID;HM /no KpaiiHeB Mepe 

~nJI KpHcTannoB, o6pa3oBaHHbiX nerKHMH aToMaMH /eM., 

Hanp. /6, 10,11 j. 
,l(JIJI TOro, qT06bl npOH30WJia HOHH3a.D;HJI aTOMa /HJIH 

ero B036ylK~eHHe/, Ha~O nepe~aTb O~HOMY H3 3JieKTpOHOB 

HMnynbC q, npeBLIWaiOIIJ;HB TOT HMYJlbC, C KOTOpbiM 3JieKT

poH ~BH)I(eTCJI BHYTPH aTOMa; noCKOJlbKY npH KaHaJIHpOBaHHH 

nOJIOlKHTeJibHLIX qaCTHIJ; peqb H~eT, B OCHOBHOM, 0 BHeWHHX 

3JieKTpOHaX, MO)I(HO HCXO~HTb H3 Tpe6oBaHHJI 

q>1'1/a, /12/ 

r~e a - pa~Hyc a TOMa. EcnH KaHanHpyromaB: qacTH.o;a 

nponeTaeT MHMO 3neKTpoHa, HMeJI napaMeTp y~apa p , oHa 

nepe~aeT eMy nonepeqnLIB HMnynLc 

q=2e 2 /pc. 

Tor~a H3 /12/ cne~yeT 
2e 2 -2 

P /a<--~2a.::-10 -1\c 

/13/ 

/14/ 

llonolKHTeJILHaJI qacTH.o;a, KananHpyromaB: MelK~Y KpHcTan

nHqecKHMH pB:~aMH HJIH nnocKoCTJIMH, nepeceKaeT nepHliJe

pHqecKHe o6nacTH aTOMHbiX o6onoqeK. MolKeT noKa3aTLCJI, 

qTO 3TO npHBO~HT K aCHMMeTpHH pacCeJIHHJI, B pe3yJILTaTe 

KOTOpOH qaCTH.o;a OTKJIOHJieTCJI B HanpaaneHHH .o;eHTpaJibHOH 

qacTH KaHana qaiiJ;e, qeM B npOTHBOnOJIO)I(HOM HanpaaneHHH. 

O~HaKo H3 /14/ cne~yeT, qyo HHTepecyromHe Hac 3neKT

poHLI pacnOJIOlKeHLI He B JI1060M MeCTe aTOMa, a TOJlbKO 

BHYTPH .o;HnHH~pa oqeHL Manoro pa~Hyca c ocLJO, coana~aro
IIJ;eii c TpaeKTOpHeii KaHanHpyromeii qacTHIJ;LI. BHyTpH 3Toro 

.o;HJIHH~pa 3JieKTPOHbl pacnoJIOlKeHbl CHMMeTpHqHo, H n03TOMY 

o6cylK~aeMaJI acHMMeTpHJI pacceJIHHJI Ha caMoM ~ene oT-
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cyTCTByeT. B pe3yJILTaTe Mbl npHxO,IJ,HM K npocTo:H KapTHHe 

MHoroKpaTHoro KynoHOBCKoro pacceHHHH 6e3 KaKHx-nH6o 

Bbi,IJ,eJieHHbiX HanpaBJieHHH. 

EcnH ynLTpapenHTHBHCTCKaH qacTHI.J,a c 3HeprHe:H E 
nponeTaeT MHMO cBo6o,IJ,Horo 3JieKTpoHa npu napaMeTpe 

y,IJ,apa p, oHa pacceHBaeTCH Ha yron 

TJ ~ .?..f.:_ · I 151 
pE 

HH.>Ke HaM nOHa,IJ,06HTCH BeJIHqHHa 7, ycpe,D,HeHHaH no 

cnyqa:ifHbiM 3HaqeHHHM p . ,[J;nH Hee nerKo nonyqaeM 

4e4 I ) TJ2 - ----. ln(p p . , 
2 • 2 2 max nnn 

Prnax 
1161 

r,IJ,e, B COOTBeTCTBHH C 1141, p :::2 a a. qTO KacaeTCH 
max 

BeJIHqHHbl p . , TO OHa CBH3aHa C "KaTaCTpO$HqecKHMH 
mtn 

pacceHHHHMH", BbiBO,Il,Hill,HMH qaCTHI.J,y H3 pe:>KHMa KaHaJIH" 

poBaHHH B pe3yJILTaTe O,IJ,Horo e,IJ,HHCTBeHHoro aKTa. WHLIMH 

cnoBaMH, Prnin onpe,IJ,enHeTCH $opMyno:H I 151, B KOTopo:H 

TJ"'eKP. T.e. 

2 - ll 

--~-2(L) 12 

- Ee Y 
p . 

m1n 
Kp 

• r 
e 1171 

r,IJ,e r • ~ • 3JieKTPOMarHHTHbiH pa,IJ,HYC 3JieKTPOHa. 
e mc2 

Tenepb MO.>KHO nepenHCaTb /161 B BH,IJ,e 

4 
-;;2· - - 4 e ln I ...!.!.!!:... ( L )liz l 

"I 2 2 - I 
p ·E r e y 
max 

116' I 

§4. ,[J;aJILHe:ifwag 3a,IJ,aqa COCTOHT B aHaJIH3e BJIHHHHH 

CJiyqa:ifHbiX TOJiqKOB, Bbl3b1Bal01l.J,HX MHOrOKpaTHOe pacceJI· 

HHe KaHaJIHPYIOill,HX qacTHI.J,, Ha HX Kay3aJibHOe ,Il,BH.>KeHHe 

B ycpe,IJ,HeHHOM 3JieKTpHqecKoM none. B pa6oTe 131 6blno 

8 

f 

J 

1 

J 

noKa3aHO, qTo nonepeqHOe ,IJ,BH.>KeHHe KaHaJIHpyiOill,HX qacTHI.J, 

OITHCbiBaeTCJI ypaBHeHHeM 

• • • k 
X+fX+--X-0, 

my 
( z 2 ke 2 ---

3 m2c 3 
1181 

Ero peweHHH npH JII06hlx HaqaJILHLIX ycnoBHJIX 3aTyxaroT 

3a BpeMH r = 11 f. Ilo3TOMY qepe3 BpeMH t >>r nocne Ha· 

qana KaHaJIHpOBaHHJI BJIHJIHHe HaqaJibHbiX yCJIOBHH ITOJIHOCTbiO 

Hcqe3aeT, H YCTaHOBHBIIIHHCH pe.>KHM nonepeqHbiX KOJie6aHHH 

onpe,D,eJIJieTCJI TeMH aKTaMH pacceJIHHJI, KOTOpbie HMeJIH 

MeCTO B TeqeHHe HHTepBaJia BpeMeHH t: 1/ (, npe,IJ,WeCT· 

BOBaBWero paCCMaTpHBaeMOMY MOMeHTy. 

qHCJIO TaKHX aKTOB pacceJIHHJI ,IJ,aeTCJI $opMyno:if 

N=rrncp 2 /f, 
max 1191 

r,IJ,e n - nJIOTHOCTb 3neKTpOHOB B I.J,eHTpanLHOH o6naCTH 

KaHana. 3To oqeHL 6onLwaH BenHqHHa, paBHas npHMepHo 

2 ·10 5 · IJ03TOMY HHTepecyiOill,He HaC CTai.J,HOHapHble pac

npe,IJ,eneHHJI no 8 H X OnHCbiBaiOTCJI 3aKOHaMH raycca, 

H Tpe6yeTCJI TOnbKO onpe,IJ,enHTb napaMeTpbl ~ H ~ . 
CT CT 

JICHO, qTo no nopJI,D,Ky BenHqHHbl MO.>KHO HanHCaTb 

2 2 -2- """"2 2 
x = r.; • e , e = N ., , 1201 CT CT CT 

r,IJ,e ;j2 ,IJ,aeTcs $opMyno:H 116 'I, a L,.(ymc-2)11~- npocTpaH-
k 

CTBeHHbiH nepHO,Il, nonepeqHbiX KOne6aHHH. IlO,IJ,CTaBJIHH B 

1201 BenHqHHbl :qrr, N H f, HCITOnb3YJI 191 H 1101, 
IIonyqHM 

2 

( 2 I 2 XCT ) e e)-(---= 
CT Kp - A2 

Kp 

~rrne2 • i_ lnl~(L)Vz I, 
k Y r e y 

/21/ 

IlOCKOnLKY 3neKTpHqecKoe none B6nH3H I.J,eHTpanLHOH nnoc

KOCTH KaHana onpe,IJ,enseTCH TOnbKO nnOTHOCTbiO n, BenHqH· 

Hbl n H k CBH3aHbl Me)I(,Il,y co6o:H. JlerKo noKa3aTL, qTo 

k x4rrne 2. /221 
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Il03TOMY /21/ MO>KHO TaiOKe nepenHCaTb B BH,IJ,e: 

()2 2 - -
(~ )= (~):: _1. Lin! ~(1....) lh l:: _1. Lln( 260 Y ). /23/ 

e 2 A2 2 y r y 2 y -
Kp Kp e y 

fj2 
IlpH Y = Y 4JopMyna /23/ ,IJ,aeT -If -::..8. Cne,IJ,oBaTenhHO, 

ek 
,IJ,a:lKe npH TaKOH 6onhWOB 3HeprHH CTaUHOHapHOe COCTOHHHe 

He ycTaHaBnHBaeTCH, pa,D,HaUHOHHOe JaTyXaHHe He MO:lKeT 

npeO,IJ,OneTh pacKaqKH, Bb13BaHHOB MHOrOKpaTHbiM pacceJI· 

HHeM. Ilocne,IJ,Hee npHBO,II,HT K llOCTeneHHOMY B03paCTaHHffi 

aMnnHTY.D.hl nonepeqHbiX Kone6aHHB H K ,IJ,eKaHanuposaHHW, 

KOTOpoe npOHCXO,IJ,HT paHbWe, qeM qepe3 BpeMJI r=l/ f, 

T.e. Ha nyTH, MeHbWeM A ~c/E /npa KaHanaposaHHHB,IJ,Onh 

nnocKOCTeH /100/ KpeMHHH A ::6 CM, y -::.. 4.10 4
/. 

EIUe O.IJ.HH ,IJ,eKaHanupyJOIUHH l!laKTOP CBJIJaH c Bbiwe

ynoMJIHYThiMH "KaTacTpo4JaqecKHMH pacceJIHHJIMH". CooT

BeTCTBYJOIUaJI cpe,D,HHJI ,IJ,nHHa 

2 -1 
£..,., (rrnpmin ) ' /24/ 

a OTHOWeHHe 

e I A - -~ ..l 
- 3 y 

/25/ 

TaKHM o6pa3oM, npH y -:..y Ka:lK,IJ,aJI H3 paccMaTpasaeMbiX 

npHqHH npHBO,IJ,HT K ,IJ.eKaHanHpOBaHHIO Ha ,IJ,nHHe nopJI,D,Ka 

A . Ilono:lKeHHe HJMeHHeTCH ,IJ,nJI JHaquTenhHO 6onee BhiCOKHX 

3HepruB:. HanpHMep, npH ~::;:_10 MHoroKpaTHOe pacceJIHHe 
y 

y:lKe He B canax npeo,IJ,oneTh pa,D,HaUHOHHoro JaTyxaHHH H 

- 2 ( () 2 /() )< 1. JTO 3HaqHT, qTO BnHJIHHe COOTBeTCTBYIOIUero 
CT Kp -

,IJ,eKaHanupyroiUero 4JaKTopa pe3KO na,IJ,aeT, a npH eiUe 6onb

WHx 3HeprHJIX - 4JaKTHqecKH ucqeJaeT; ,IJ,eKaHanaposaHHe 

Ja cqeT "KaTaCTpo4JuqeCKHX pacceJIHHB" B npHHUHDe OCTa-
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eTCJI, HO llpOHCXO,IJ,HT HaCTOnhKO pe,D,KO, qTo C HHM MO>KHO 

He cqHTaTbCH *. 
Ilo,IJ,qepKHeM, qTo o6cy:lK,IJ,aeMoe ycTaHOBHBweecH coc

TOHHHe HBnHeTCH CTaUHOHapHbiM TOnhKO B TOM CMhiCne, 

qTo ero CBOHCTBa HHKaK He JaBHCHT OT HaqanbHbiX ycnOBHH. 

IlOCKOnbKY napaMeTpbl ~T H X& OTnHqHbl OT HynJI, HMeJOT 

MeCTO pa,IJ,HaUHOHHble llOTepH 3HeprHH, nopeHu-cl>aKTOp noc

TeneHHO yMeHhWaeTCH,a BMeCTe C HHM H3MeHHIOTCH H CaMH 

:-2 - iT 
BenHqHHbl () CT H X~1' .Ilo3TOMY npH CT << 1 HMeeT MeCTO 

A2 
k 

cne,IJ,yJOIUee nro6onhiTHoe HBneHHe: cHaqana aMnnaTy,IJ,a no

nepeqHhiX Kone6aHHH yMeHbWaeTCH, npH6nH:lKaHCb K CBOeMy 

YCTaHOBHBWeMyCH 3HaqeHHJO, a JaTeM, B COOTBeTCTBHH 

C 4JopMynoB: /23/ H C yMeHbWeHHeM BenHqHHbl y , OHa 

HaqHHaeT yBenHqHBaTbCH, qTo npHBO,IJ,HT B KOHUe KOHUOB 

K llOHBneHHJO HHTeHCHBHOrO ,IJ.eKaHanHpOBaHHH. 

KonuqecTBeHHhli aHanH3 yKa3aHHoro ssneHHH MO:lKHO 

llpOBeCTH C llOMOIUbiO COOTBeTCTBYJOIUero KHHeTHqecKoro 

ypasHeHHB. ~nH 3Toro nepenuweM ypaBHeHHe /18/ B BH,IJ,e 

CHCTeMbl 

x- c(), 
• k e--<fe+ .x). 

me y 
/26/ 

H3-3a MHoroKpaTHoro pacceBHHB e H x BBnHIOTCH cny

qai:HbiMH BenHqHHaMH, H ,IJ.nB OllHCaHHB llOBe,IJ.eHHH CHCTeMbl 

Ha,IJ.O BBeCTH cl>YHKUHIO pacnpe,D.eneHHB f(() ,X, t). IlpH COC

TaBneHHB KBHeTaqecKoro ypaBHeHBB cne,IJ,yeT yqecTh, qTo 

B pe3ynhTaTe Ka~oro aKTa pacceBHBB Henocpe,D.CTBeHHO 

H3MeHBeTCB TOnhKO yron (), npuqeM () nepeXO,IJ.HT B (}+ T/. 
B BTOre npHXO,IJ.HM K KBHeTHqecKOMY ypaBHeHHJO 

a r a r kx a r ace n ) < ) -+C {}---- ---£ •-n0f +n0Jf((J-.,,X,t p T/ d71, a t a X me y a (} a (} 
/27/ 

* Cne,IJ,yeT, npas,IJ.a, HMeTh B BH,IJ.Y, qTo npa TaKHX 
60nhWBX 3HeprBHX CYJUeCTBeHHYIO ponh MO)KeT HrpaTb 
,IJ.eKaHanBpOBaHBe, CBB3aHHOe C M03aBqHOH CTpyKTypOH KpBC
Tanna. 
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B KoTopoM n
0 

•TT n p2 - cpe,n;Hee qucno aKTOB pac-
max , 

CeHHHH 3a e,n;HHHUY apeMeHH, a p ( 1l) • 3aKOH pacnpe,n;eneHHH 

77· 
HCXO,IJ;il H3 1271, C nOMOmhiD CTaH,n;apTHMX npou;e,n;yp 

IYMHo:>KeHHe 127 I Ha ycpe,n;HHeMyro aenuqHHY H HHTerpau;HH 
no e u x I nerKo nonyquTh .n;ucWJepeHu;HanhHbie ypaaHeHHH 
.IJ;nil aenuqHH e 'X 'e 2 ,X2 H (ex}. YpaaHeHHH ,n;nH e H X 
BMnHCbiBaTb He CTOHT, nOCKOllbKY HC~O, qro HHTepecyromHe 
HaC aCHMnTOTHqecKHe 3HaqeHHH e H X paBHbl Hynro. 
OcranhHbie ypaaHeHHH HMeiDT au.n 

d82 ,. __ 2!_(@~-)-2<~ +n
0

ry 2 
d t mcy 

-- k -2illl. c e 2 - c(e;z) - --. x 2 

dt mcy 

~=--2c(Ox) 
dt 

1281 

llpH BMBO,IJ;e 1281 yqTeHO, qTO B paCCMaTpHaaeMOH 3a,n;aqe 
Tj =0. Crporo roaopH, aenuquHa y raK:>Ke HBnHeTCH cny
qauHou, u 3TO MO:>KHO 6wno 6LI yqecrh aae,n;eHHeM .n;onon
HHTenLHoro qneHa a 127 I. O,n;HaKo 4JnyKryau;uu y Huqro:>KHO 
Manw no cpaaHeHHID c }-;·, H Mhi 6y,n;eM HMH npeHe6peraTb. 
Tor.n;a, KaK 3TO noKa3aHo a pa6ore 13~ MO:>KHO 3anucaTb 

.n;ononHHTenLHoe ypaaHeHHe 

~ .. - 2 k2e2y 2 
dt 3 m3c5 

.7 1291 

CoaoKynHOCTh ypaaHeHHH 1281 H 1291 o6pa3yer nonHyro 
cucreMy, .n;ocraroqHyiD ,n;nH BhJqucneHHH acex HHTepecyro
IUHX Hac aenuquH. HaqanhHbie 3HaqeHHH ,n;nH ~ ~ H 
(ex) npH t>> 1 / f ponH He urpalOT, HX MO:>KHO BM6pa Tb 
nro6MMH, HanpHMep, - HyneBMMH. llonHMH aHanH3 CHCTeMM 
ypaaHeHHii 1281 u 1291 rpe6yer cneu;uanLHoro paccMorpe
HHH. 3aMeTHM TOllbKO, qTO npHBe,IJ;eHHaH BMWe 4JopMyna 
1231 rronyqaeTCH, ecnu a 1281 H 1291 ace npoH3BO.IJ;HMe 
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nonO:>KHTb paBHLIMH Hynro. Cne,n;yeT TaK:>Ke HMeTh B BH.IJ;Y, 
qro npoae.n;eHHLIH a HacroHmeii pa6ore aHanH3 cnpaae.n;nua 
TonhKO .n;nH rrapa6onuqecKoro noTeHu;uana. Yqer HenuHeii
HOCTH Kone6aHHH B noTeHIJ;HanhHOH HMe ,n;pyroro THna 
MO:>KeT nOHH3HTb rpaHBUY, npB KOTOpOH HaCTynaeT 34J· 
4JeKTBBHoe oxna:>K.n;eHBe nyqKa KaHanupyromux qacruu. 

Aaropbl 6naro.n;apHbi B.r . .6apwweacKoMy B H.,D;.cl>epaH
qyKy 3a none3HLie o6cy)I(.IJ;eHBH. 
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