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Ddpdexr Tyuleka B NpUGIMKeRUN AByMEPHBIX CTOJIKHOBEHM N

AL IO. Toaybenxo, C.A. Huxumun

NucraryTt aaeproi dbus3uku um. I'M. Byaxepa,
630090, HosocuGupck, Poccust

Angoranmus

Paszeur nomxox Jis yHera ABYMEPHOrO XapaxTepa CTONKHOBeHMu
YACTHII B WJIEKTPOHHOM pEJIHTEBHB'IEKBM CrycTKe H OIEHKE BIAHHHAH
sroro GaKTOpa Ha mapamerpsl myuka B curxporpone. Halinen momu-
rmmposannbif BA DYHKIAE pacopeleIenssd N0 HMIYILCY, & TAKXKe
BhIpaserull 118 cKOpocTH AU Qy3uu H BPeMEeHM XH3HA C BBE/JCHH-
eM JOmOMHNTeNbpHOro 06obmenHore napaMerpa CBS3: ~— OTHONIEHHS
yrsioBeix pa3bpocos B mydKe N0 ropE3ONTaNH W BepTHkaym. IlpaBene-
HEl 9MCIEHHLe npaMepn s xounadigepa BOIII-4M. Iloxasaro, 1o
B CJIy9ae KPYIJIOrO My49Ka MONPaBKa K TPAIANMOHHOH TEOPHH OJHO-
mepHOro nmpubmokennst B pasbpoce sHepruM B MyYKe H €r0 pasmMepax
moxker cocrasuth 20%.

Touschek effect in the two-dimensional collisions approach

D.Yu. Golubenko, S.A. Nikitin

Budker Institute of Nuclear Physics
630090, Novosibirsk, Russia

Abstract

The approach to account for the two-dimensional character of colli-
sions of particles inside the relativistic electron bunch and to estimate
this factor influence upon the bunch parameters in a synchrotron is
developed. Modified forms of the function of distribution over momen-
tums, the diffusion rate and the life time are found using the addi-
tional general parameter of coupling — the ratio between the vertical
and horizontal angle spreads in the beam. The numerical examples
are presented for the VEPP-4M collider. It is shown that in the round
beam case, a correction to the traditional theory of the one-dimensional

approach in respect of the beam energy spread and the beam sizes may
be of 20%.

© Hucmumym adeproti Pusuxy
um. I'H. Bydxepa CO PAH, Poccus

1 Bsepnenune

Hpoﬁ,eccu B3AMMHOIO PACCESTHUSA YACTHUI BHYTDH PEJISTHBACTCKONO CrycCr-
ka, wia 3ddexr Tywexa, BO MHOroM ONpeJIeIIOT Pa3MepHl i BPEMs KH3HH
IEKTPOHHLIX ¥ MO3UTPOHHBLIX My'KOB B HAKOMHTEILHBIX KONbIAX M KOJLIIak-
JEpax MpHM JOCTATOYHO HU3KOH SHEPrHH. HWspecrnas Teopus 3roro sdbdekra,
OC/IEI0BATEILHO H3J/IOXKEeHHAs B (1], ocHOBaHA Ha OHOMEPHOM npubIKeH A
NBYX4ACTHYHOTO KYJOHOBCKOrO B3auMOAefiCTBHS, ITO IPAKTUYECKH CIIpaBe/-
JMBO IS TPAJHMIIMOHHBIX CHHXPOTPOHOB € ILJIOCKHAMH opbuTamH, B KOTOPbIX
paBHOBECHBIHA rOPH3OHTANBHbIN pasMep Ny4Ka HAMHOIO MPEBLIINIAET BEPTH-
wonbHBE. C DA3BUTHEM METOJOB YNpPaBiieHds BEPTHKAILHLIM pa3mepoM C
MOMOILBX TTPOAOGILHEIX H CKBIO-KBaIPYNOJIbHBIX MAarHUTHBIX noJjie#, H, 0Co-
eHHO, C IOABIEHHEM KOHIENMIAH KPYTIIBIX Iy kOB [2], yxa3auuoe mpubike-
HUE MOXKET NOKA3aThCsl HEAOCTATOHBIM. [peanaraemasn paboTa CTaBAT cpoelt
[e/THI0 PA3BATHE TIOX0/A JJIA yIeTa JBy MEPHOTO XapaKTepa B3aHMOAEACTBHA
YACTHI, BHYTPH CIYCTKA B OLEHKE €ro BJIMAHUS HA napaMeTpei my1Ka.

2 @yHKNOus pacnpeneneHus YacTHL IO
EMOYJILCY B CHCTEMeE IEHTPa MAaCC

2.1 OcuHoBHBIE onpeaeleHnd

TIpuBejeM HEKOTOPbIE KAYECTBEHHBIE coobpaskeHns, HOACHSIONAEe OCHOB-
HOe OTJIHYME B OTIMCAHHHA TPOLECCOB BHYTPHCTYCTKOBOIO PaCCesHHH JACTHIL
B JBYMEPHOM 3JIEKTPOHHOM IIy9JKe [0 CPABHEHHIO C DﬁH‘fHHM_.D,ELH(iMEPHHH
npubmxenneM (MIOCKAHA ny4ok). O6o3nauuM yepes p = |py — p2|/2 am-
TIy/IbC YACTHIBI B CHCTEME IeHTPa Mace (c.m.), ABEXKyIIEHACS BMECTe C Iy
koM. FIMIyJibChI CTAJTKABAIOMMAXCS JaCTHI] P # p2 B oBuieM caydae UMEOT
KaK TOPH30HTATBHbIE (PX ), TAK U BEPTHKAIBHLIE (pz) cocrasusnonye. Kax u
B KHHETHYECKON TEODWH ra30B JAMCIIEPCHsl HMITYIIBCA P YABAHBALTCS IO cpas-
HEHUIO C OJHOMEDHBIM CITYyYaeM, eciid paBHbI 3¢ deKTHRHbIE TEMIIEPATYPbI N0
crenensiv cBobommr (02, = 05, = o2): < p* >= o3. 3peck TeMueparypa
JUTH KAaXKJAOrO W3 HANPABICHHUHA JBHAKEHUS onpesensiercss pasbpocoM COOT-
BETCTBYIOMEH KOMIOHEHTH! NONEPETHOrOo MMIYJIhCA HACTAL, OOUHAKOBOTO B
naBoparopuoii (lab) u comyTCTBYIOLEl CHCTEMAX (c.m.). Ysesmuenue AuC-
[IepCHH O3HAYAET U3MEHEHHE dbopmbt GyHEKIME PACIPEJAENEHUS O HMIYIbLY
P H, CIeA0BATENbHO, 1O OTHOCHTEIHHON CKOPOCTH CTAJIKHBAIOMIMXCS HACTHIY
v = 2p/m (m — macca 9IEKTPOHA). DTO JOJIKHO BIUATH HA S(bdzeKTHBHDCTb
IPOIECCOB BHYTPHCTYCTKOBOTO PACCesiHMs B UEJIOM, TaK Kak MEJLJIEPOBCKOE
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maddepenifpaibHOe CeIeHHEe ofpaTHO NPONOPIHOHANBHO yeTBepToit crene-
HH /.

B nepsyio 09epe/ib BAXKHO IOy HTh BHIL bynkuuu pacnpeaenexnst f (p),
xoTophifi GbI ONPEJEICHHALIM 00Pa3oM yIMTHIBAT I[ByMEpHBI XapaKTep AByX-
YACTHYHOIO B3aUMOeCTBUS BHYTPH SIEKTPOHHOrO CryCTKa B YCJIOBUSAX, KO-
I3 BEPTHKAJBHAS TEMIIEDATYpPa o3, HE MAja. OTMmeTuM, 9TO TOJNLKO B
eJMHCTBEHHOM CJIy4ae, & HMEHHO NPH PABEHCTBE X u Z-remneparyp, QyHK-
mas f(p) npunumaer ¢opmy ABYMEPHOTO MAKCBEJUTOBCKOrO pacipeieieHns:
f(p) x p- exp (—p*/0%)- '

Buga yukuuu f (pg HafiieM CHa4aJ1a B OJHOMEDHOM, & 3aTeM B ABYMEPHOM
npuGIHKEeHHNAX.

2.2 Onmomepnsbiii ciaygalt (mrockui ITy90K )

Mycrs mIOCKu# MEKTPOHHLIA MyH0K B CHHXPOTPOHE XADAKTEPH3YeTCH

rayCCOBBIM DACTIDE/IEIEHAEM YIVIOB TDAEKTOPUH B POPH3OHTAJIBHOI IJIOCKOCTH
(X"} ¢ pasbpocom ox-:

1 ex( %
v~ & B

F(X’)dX’ = JdXﬂ

O603HaunM yepes

2 2c

CKOPOCTE CTAJIKHBAOIMXCH TaCTHIL ("1” u 72”) B cuCTEME C.M. B €JUHUIAX
ckopocTi ceera. QYHKIEA MIOTHOCTH BEPOSTHOCTH BEJIAHUUHEL € pasHa

. Gl 20

o) = [ Fle+X3) FODX+
+ [ POX; - 20P(Xp)ax; = e (ol /o)
A | Vo

HMﬁyﬂEC B C.MmM.-CHCTEME 3aMuIreM KakK p = meyE = poYE, a paaﬁpoc none-
PEYHOr0 MMITYJIBCA B Iy4Ke Op = Poyox’, MAe ¥ — pensTHBACTCKHE hak-

top. B wrore, QyHKIHA PaCHPETENICHH f(p) Ans MAOCKOrO My4Ka NaeTCH
BhIpaykeHuem|1]

oy = b - ;;)dp. )

2.3 IIpmbmmkenue ABYMEpPHBIX CTONKHOBEHNH

HaiineMm pacnpeieeHne KBAJIpATa OTHOCHTEJILHOM CKOPOCTH B 3JIEKTPOH-

HOM IIy4Ke :
P =vk+vz

rae BBEJIEHBI o6o3HAYeHAs €8 KOMIIOHEHT VX | VZ, KOTOpbIE B CBOIO O4EPEAD
onpeesieHsl KaK Pa3HOCTH KOMIIOHEHT CKOPOCTEH HaCTHl} n1? » "2". Ilpm
ppiBoE QYHKIMH PaCpeeneHns Gy/ieM TIOIArATh, 4TO0 BEJUIHHEI vy A vy
CTATHCTUGECKH HE3ABHCHMBI. Yo HOTMYLUEHUE, OTBEIAIONIES B KHHeTHYECKOH
TEOPHH [a30B I'HIIOTE3E » MOJIEKYJISIPHONO XB0CAa” , COCTABIACT OCHOBY HCIIONb-
3yeMOro HamMu upubIIKeHHs .

Cuayana noxyunm Buj QyHKi pacIpe/eJIeRist KOMIOHEHT VX, Z, NoJIb~
3ysich PABEAEHHON BBIIIE bynxuuelt pacnpeJesieHds yrion B TJIOCKOM MY 4Ke
u opmyIoi KOMMOSHIHH:

1 V%f,z
F(HX,E) £ 2\/‘3—1.'D'xr’zr e (—453{1131-) :

Bheiem BCIOMOTATEIbHYIO QYHKIMIO Y = 1% . CooTBeTCTBYIOLIAs ITOH BeU-
apHe IIOTHOCTD BEPOSTHOCTH ONPesesiAeTCs COOTHOTIEHHEM JUTsl ABY3HAUHBIX
coyyadineix QyHKIAM:

,{ 0D, y<0
fv=\ sgF(/N+zzF(Vv8) v>0

[LioTHOCTE BEPOATHOCTH BEIHTHHBI Y = 12 ¢ yueToM yKa3aHHOrO NOMYIIEHUA
JAeTCs UHTErPaJIoM

o0 Y ,5 'llrlf.l'=
'j ( 45‘ )
f (y) r [Y -: E - f EXP x_r zr

0

o1 heies LW M
~ 4oxr0z P172 \40%, * 40% 019 \40%, 40% /)

3j1eCh MCIIONB30BAH TAONMTHBIA HHTErpal 13]; Io(z) — momudunmpoBaHAAs
dbynxmus Beccens.

Herpyiao HaliTH TENEPD GYHKIMIO PACTIpEACHCHIS N0 MOJYJI0 CKOPOCTH
4ACTHI B CHCTEME IEHTPa MACC (€):

dy =




O =rYOl 5=

e 06 R w R e fidie 21
ox102" m{p[ E(E+E)- 8 ['—2_ (Eﬂﬂ_f“;)] ¥

Bsenem napamerp

b -
k_ﬂ'gf, (3)

KOTODBIf XAPAKTEPH3yeT OTHOIIEHHE YITIOBLIX Pa3sMEPOB ITy4Ka 110 rOpHU30H-
TAJTM W BepTHKAJNH. B Tak Ha3niBaeMOM "Kpyryiom” mytuxe k — 1, a B MJIOCKOM
k — 00.* Uckomas (pyHKIUS PACTIPENEIEHHS N0 UMITY/IbCY B CHCTEME IEHTDA
MACC HAXOMMTCH 3 (2) M IPH MCHOVIL3OBAHWH NAPAMETPa k HMeeT BHJL |

1o = 52 -ex L+ h [;;%u ) @

Ha Puc. 1 npusenenst rpaduxu ¢yskoun f(k,p) npu pasaeix k, r7e

00 05 1.0 5 20 25

Puc. 1: ®yukupus pacnpenenenus f(k,z), = =pley.

*(ObpamaeM BRUMAHWE HA OTAHTAE JABHOrO NapaMeTpa OT TPajAWOHOHHOTO xoadpdrua-
eHTa CBsI3W, PABHOr0 OTHOMEHWH) BEPTHKAILHOrO ¢asonoro obmema K ropmnumaﬁauy
¢azopony 06beMy, T.e. BenmunHe < 1 B OOHYHEIX YCIOBAAX (cum. manee).

tTlanyueno mezasucamo ot [4], rae, Kak BHOCIEACTEHE HaM CTaN0 M3BECTHO, MpHBEAEHA
dyHKOEsS pacnpeAiesienns, AMeomas nomobmyio crpykrypy. Ilomxonu m nean pabort [4]
OTNEYAN OT Hame#: B Helt OOOCHOBHBAETCH BO3MOMHOCTH H3MEPEHHT rOpPHE30HETANLHON

auaaMugeckol aneprypst Ha BIIITI-2M ¢ HCOO/ML30BAHAEM 3aBACAMOCTH TYMIEKOBCKOrQ
BpeMend XW3HA OT Ranpmxesns BY pesomaropos.

6

$=plap (f(k,p)dp = f(k,p)dp). B pacuerax npuMeHeH crocob BEMHUCIICHAS
dbynxuun Beccens npu GONbIAX 3HAYEHHAX APryMEHTa TyTEM Pa3JIOKeHNH
B pAJ| IO MHOTOWIEHAM YeHuuuesa, [5]. Buapo, ITO NpH k — oo dynxkunas
CTPEMHUTCS K BAJLY, OTBEHAIOIIEMY O(HOMEPHOMY cayyaio (1). D10 XKe Jierko
HOKA3aTh AHAJATHYECKH, HAXO/s ACAMITOTHKY bynkmau Beccens B (4) :
lim Io(z) ~ €*/v2rz. llpn k — 1 pacmpejiejieHHe CTAHOBHTCH ABYMEPHBIM
MARCBEJLIOBCKHM.

3 MoaudunupoBaHHas CKOPOCThb mudpys3un
SHEprMM YACTHUI] B MpOIecce MHOTOKPATHOTO
BHYTPEHHEro pacCessHuN

PaccMaTpUBasi PONECC MHOPOKPATHOIO PACCesHiH npobHOH JACTHIkI B
PEJIATHBACTCKOM IIYUKe HA MAJIBIE yIJIbl MOYKHO HaliTi ckopocTh AudQy3an
ee sHepruM B 1AOOPATOPHOA CHCTEME [1]

(w0 < 65 >}, = 56 {ov <01 >}

3/1ech W — YUCHIO AKTOB PACCESTHUSA B e/UAHMIY BPEMEHH; < §E? > — ycpen-
HEHHOE 1O YTIIaM DACCEHAs MPHpPAIEHAE KBAIPATa SHEPTEM; iy qh — CPEIHIASA
UIOTHOCTH B Iy9Ke, BRIPaXKaeMas 9epes NoiHoe TuGIo gacTui B mydke N u
ero obsem V, T.e. Yepe3 CPeAHEeKBaIPATUHEIE DAIMEDPDI no sepTukamu (0z),
rOPU3OHTANN (0x ) ¥ BAOID opburs (05):

N N

filad = 7= ;
9 Vv Sﬂ‘wzﬂ“xa'zds,

o - MEJLJIEDOBCKOE CeHeHHe; < 6p? > - cpeanmil KBaAPAT MPHPACHHA none-
PEYHOrO WMITYJIbCa B MJIOCKOCTH paccesHus. B cucreme neHTpa Macc

1":1?2 3 P 2
o < 0py >=2r (——-9-) In (—) :
P Pm

e Tp - KJIACCHYECKuil pajmyC SJeKTPOHA; Po = me; pm = Po/T0/bmaz —
KJIACCHYECKHH HAYKHHMI NPEJIeNt epeaanHoro UMITYJIbCA; bmax — MAKCHMAIb-
HBIE MacmTab MPHIENbHOr0 NapaMerpa. Kpurepuii 3T0ro maciurraba 3amu-

[eM NO0BHO ONPEeJeNeHHIO by gy B KHHETHKE 9JIEKTPOHHOTO OXJIAXKACHHSA [6]:

bml:'.l.:l: = m.in{d, (ﬁiab/ ,.T)—lfﬂ‘ UJ_,min}-
7



Puc. 2: Tlonepetnoe ceyeHue myHia.

Tlebaerckuii pagryc d ~ U1 min/Wp ONPEAETAETCH pa36pocoM MPOEKI|H 10
nepeysHoi CKOPOCTH (v ymin) HO HATPABJIEHHE, B KOTOPOM 3TOT Pasbpoc Mu-
HAMAJIEH, ¥ 3HAUEHUEM [IA3MEHHON JACTOTHI Wp = drfigape’ /(ym) B CUCTEME
[IOKOSI TIYHKA; O L min ~ qapMeHbINHH NonepevHsI pasMep nyuxa. Hanpu-
Mep, AJisl XApaKTePHBIX napaMeTpoB MyHKa B BRIIT-4M B obnacTh oHepPrui
1-2T3B

(ﬁlabf'f}FUS S d € 01 min-

B [7] B xauec1Be oTIpeAeIAI0IIEero BLIOpaH Pa3Mep O i min- Iins wecnenosas
ssi OCHOBHBIX CBOHCTB JIBYMEPHOTO BHYTPEHHErO PaCCesHHA OrpaHAIEMCH
nasiee OOBIHEIM onpejieneHneM bmaz I€PE3 CPEHION [LIOTHOCTD B mydyKe B
cunyfrc:rsymmeﬁ CHCTEME:!

(Swam’rﬁxﬂzag )UB
bma:r. —

N

OueBrAHO, YTO NPH HANMTAN CAJILHOR CBA3A koyreGaRuit BMECTO yKa3aH-
HBIX PA3MEpPOB MO BEPTHUKATIH | POPW3OHTANA JIJIS perdpcaeHns Vo HAA0 HC-
OJTH30BATH pa3Mepsl noayocelt o’y # 0% SILIANICA, 1pe/ICTaBJISIOMIEro none-
peuHoe cedenye IyiKa 1 [IOBEPHYTOrO HA mexoropsiii yroa ¥ (cM. Puc. 2):

; _\[ﬂ‘ﬂxmsﬂ‘ll_—cf%smﬂw
Oy ==

cos 2V ;

s o2 cos? ¥ — o2 sin’ ¥|
e cos 2 :

Brpaxenne {w < SE? >},,, HANO yCpeAHuTD 10 AHCAMOJIO 9ACTHIL B NYIKE,
K. OHO 3ABHCHT OT BeAIMMHBL OTHOCHTENBHOTO HMILYJIBCE npobroft JacTu-
1. TIpumensis € yrofi 1eab QYHKIMIO pacrpe/ielIeHus JIBYMEpPHOrO TIpH-
Grvoxenns (4), Oy THM MoAHIUPOBAHHY IO cxopocTs Auddysun HEPIHH
B My4Ke

s 4 /rramdct '
{w< 3E? >hap = _nx/_‘____d;___._. . B(k, Xm)- (5)
P
HopsiM 34€Ch ABJLACTCH puj QyHKIEA B, xoTopas 3ABHCHT Tenepb He
ronbKO OT TMApaMeTpad Xm = Pm/[Op, KOK B oBRIaHOM TEOpHH (1], Ho m OT
papameTpa CBA3N k:

o]
- T (x). %0 . p{Ra-ax. ©
B(k,x,“)-—ﬁkf\/; In Xm) e 10[2(1 )] x. (6)
I3 Xm

Pyuxuus B(k, Xm) TOCTPOCHA aa Puc. 3 npu pasHbX k. B npenene k — 0
oHa COBIIAAET C KpUBOA LA ockoro myuxa [1]. Tipa Xm ~ 10~° (BIIIII-
M)rnk—1 pesmuuna B fonee 1eM B 3 pa3a MeHbII® npeaena OJHOMEPHOTO
nprbIKe RN Hyxe GyAeT paccMOTPEHo, B KAKOMl CTENeH: TAKUe W3MEeHe-
Husi MOTYT BAMATE H& sHepreTMIecKui pa3bpoc ¥ pasMephl [Ty 'Ka.

k=2
=

<o . a8 anaas - U FLRT T eS8
Yon

Puc. & MoamdunupoBaHHast " by HKIAA Tymexa’, OIMCHIBAIOMAA 3ABHCH"
MOCTb CKOPOCTH audbdysan OT nmapaMerpa Xm-



4 MomudnnupoBanHas ” PyHKIHUA noTepn”
[IPM OJHOKPATHOM pacCesAHNH

Dddexrusnbili 06bEM, B KOTOPOM npobHas 4aCTALA HCIBITHIBAET B €/IH-
HAIYy BPEMEHH DaccesHHe Ha CPABHUTEHHO GosbmIofi yron W BhIObIBaET U3
YCKODUTEJIS, PaBeH NPOM3BENEHUIO OTHOCHTENILHOH CKOPOCTH U H3 CEHEHHe
noreps oy [1}:

ﬂ'?gfi[;fxﬂﬂ#—l], P>
Yo =
0. p<

2

3necs Ap — "anepTypa” HO OTKJIOHEHHIO IPOAOILHOrO HMITYJIbCA OT PABHO-
BECHOTO 3HAYEHNMS, KOTOPAs onpejesiercs aubo pasMepamu BY cenaparpuc-
chi, 6O peasbHON anepTypoil BAKyyMHOA KaMephl Ax uepe3s coOTHOIIEHHE
Ap = mcAx [Dx, rae Dx -pajuancaas aucrepcuonnas gynxknas. Bemwan-
Ha p = A, /(yp) paBHA KOCHHYCY KPUTHIECKOrO yIJIa, o6pa30BaHHEOIO HAIIPA-
BJIHMEM MMITYJIbCA TIOCTIE PACCESHHSA M NPOJIOIBHON OChIO B CHCTEME LIEHTPA
MAacc.
Wcnonbays (4), saligem cpejsee no My<Ky 3Ha4eHne

=}

von = f vor f(k,p)dp =
Apl

VETam? ¢t

3
JPE

C(k,£),

rae ?¢dysknus noreps” C 3aBACAT OT IAPAMETPOB k, &= (%}2 U HMEeT
BHJL

L= &) ¢ 1 z "
G:ﬁksfx 3[5—5111%#1}8 i{Hk}Iu[%(l—kz)]dx* (7)

Ipu k — oo "dyHKuMs HOTEPH” COBNAAALT C ananorugHofl dynxkuuel
onsomepHOTO npubmKenus [1}:

o0
1
C(o0, €) :E/.? [% — %ln-)-;- —-1} e Xdy.
£

Ha Puc. 4 nocrpoes rpadux ” GyHKIMHA OTEPh” NPH PA3TAIHBIX k. Bugno,
yto npu £ < 10~2 u mebonsmom k seaauHa C' CTAHOBHTCH MEHBINE, IEM B

10

Puc. 4: Moaadunpapobannas ” QyHKIMs HOTEPh” .

omaomeprom npexenie. Ilpu £ ~ 1074 (BIIII-4M) u k — 1 370 ymenbuenue
cocrasisier Gosee, yem 2 pasa. Tem He Menee, OKOHYATENbHBIA Pe3yJbTaT
[0 BPEMEHH JKW3HM My4Ka CYIECTBEHHO 3aBUCHT W OT APYTHX Napamerpos,
B YACTHOCTH, OT Op, KOTOPbI TAKXKe M3MEHSETCs BMecTe C napamerpom k.

5 PacuyeT BJUSHWA ~IBYMEpHOro” 3d@exTa

Tymeka Ha nmapaMeTpsl Iy4YKa B IVIaIKOM
npuoJIN>KeHU N

OnpegessomuM MPOLECCOM B IHOTHOM 3ddekTe Tymexa sipnsiercs aud-
Gby3usi IHEPruM, BbI3BAHHAS MHOTOKDATHBIM DACCESHHEM HaCTHI B ITyHdKe.
B peayistaTe QUIyKTyalsii SHEPIHE NPH PACCESHUH MPOHCXOMAT BO30Y XK 1e-
ane GerarporHbiXx H (a3oebix Koyebanuil, JONONHANAIONIEE AHATIOTHIHOE BO3-
neficTeue paguanMoHHOro Mexanusma. Ilorepu wyacTuy (Bpemsi JKHU3HHU) TIDH
OHOKDATHOM PACCESHHH 3aBHCAT B CBOIO OYEpeih OT YCTAHOBMBLIMXCS Pa3-
MepOB NyuKa ¥ SBJISIOTCA B STOM CMBIC/IE BTOPUTHEIM TIDOLECCOM. Css3bio
KoJieBaHmil ONpeAeNISeTcs COOTHOIMEHUE NONePeYHbIX Pa3MepoB, B JaCTHOCTH,
napamerp k, a Takxke ITOBOPOT CEHEHHA MyTKa (¥). Ormerum, 9TO HX pacyuer
SBISETCH He3aBHCUMON TPOIELyPOi 1O OTHOMIEHHUIO K Y4eTy IPOUECCOB BHY-
TPHUCTYCTKOBOT'O PACCESIHHSA W MOXKET ObITH IPOBEJIEH ¢ NIPHBACYEHAEM OJHUX
JIAIIE PAARALMOHHEIX 3((eKToB.

11



JIns BLIABJIEHHS TJIABHBIX ocobenHocTel AByMEPHOro NOAX0Aa Gyaem mo-
JIAraTh, ITO yKA3AHHAS reOMEeTpUsl IMy'iKa 3a/1aHa 1, HANPHMED, ONUCHIBASTCH
B TEPMHHAX TEOPHH Pa3HOCTHOIO PE3OHAHCA cpa3u. Kpome TOro, HCTIOJIL3YEM
rIaIKoe NpUbJIKeHHe sl AMIUIATY AHBIX dbyBKIMi CHHXPOTPOHA.

OBosaaauM U = (0-/7)? — KBAAPAT OTHOCHTE/ILHOrO SHEPreTHIECKOro
pasbpoca; v = Ex — paguansab (asoBbii obwem; & = Ez/Ex — koaddu-
IAEHT CBSI3W BEPTHKAJLHOTO W PaJUaibHOTO dbazosbix 00bEMOB, 3aBACAIIAA
OT MOILIHOCTH PE30HAHCA H pE30HAHCHON OTCTPONKH. B paBHOBECHBIX yClIO-
pusix pasbpoc u Pa3osbiii 00BEM HAXOAATCA U3 CHCTEMBI YPaBHEHUH

”
u=tug+ur= ‘*%‘(DR-, +DT»T), (8)

v=vR+vr= %“(DRX + Drx)-
3nece unaexcsl R, T noMedaioT BKJIAIB! pammamu (R) n adpdexTa Tymexa
(T); Drxx 4 Dpey 1 — COOTBETCTBYIOIIHE koapbummentnl Auddy3un
pa3MepoB U YHEPTHY; 7X,y XAPAKTEPHBIE BpeMeHa PaMAMOHHOrO 3aTyXaHH4.
Paguanponsbiit ko3dpdunmentT mubdysnu snepruu Dpy, & TAKKE BeIH-
9YHHBL TX 4 ABHBI, B YACTHOCTH, B [1]. KosdpumpenT muddy3un npa MHOrO-
KPATHOM DAcCesHWH BHYTPH IyHKa HaXOJMHTCA ¢ nenosb3osanneM (6):

1
'DT’T = E{‘Iﬂ < o E? }}Iab'

(MHOMHTENB 1/2 BOSHHK H3-33 YCPEAHEHMS [10 CHHXPOTDOHHBEIM KonebaHu-
sm). B roaaxom npubimikeHHd HMEIT MECTO CIIEAYIOIAE COOTHOLIEHMS !

Dpx Drx R
I8 - ETr— = G = const,
uwr ur

Bz
el e iy
2Bx
1
ox0z = —%’EG;

R — cpenuull paguyc; Bx,z = R/Qx,z — GeTaTpOHHBIE AMILTATYHHBIC dyux-
wan; Qx,z — OETATPOHHBIE ACTOTHL. IIpogoibHLIA pa3Mep Ny4Ka DaBeH

12

R S ———————S—————m————————==——————W———

os = Ray/u/Qs, rae Qs — 4aCTOTa CHHXPOTPOHHBIX xonebanuii, o — dax-
Top ymioraenus: opbur. C yyeroMm (9)

NricQsky/Bx Bk, Xm)

D, =

™Y = 1673 Rau2BzVG(G + H) (10)
- (s o

Xm = \ §3/247g x0 703 WG+ H)

B raagkom npubmmkenun Dpy B Xm SABASIOTCH dyHKIHAMEA TOIBKO O~
Hoit mepemenHofl - u. Tem cambiM CHCTEMA (8) cBOAMTCH K €IMHCTBEHHOMY
ypABHEHMIO

3 _ NryrdeQsky/BxBl,xm) 02
T 32ny3RaBzVG(G + H) ik ool Ca

B ommume or [1] faHHOE ypaBHEHHE yYHTBIBAET BJIMSHMAE JIBYMEPHOCTH
CTO/TKHOBEHHHI BHYTPH NYy4YKa C MNOMOLLBIO moauduIupoBanHOl GyHKIHHA
B(k, Xm)- '

Bripaskenue Jisi 0GpaTHOrO BPEMEHH JXH3HH [Ty IKa TIQJIYIEHO € UCIIOIIL30-
saHMeM HAMJeHHOH BHIIlE BEJIHYHHBI VO ¥ moaubunuposannol ” pyHxau
norepn” (7):

? o ﬁrgm%“N 9 Nrgmac"’ngwﬁx
T oV e 87 RaffzG3/2 A2u? b s o)

6 Umcaennpie npuMepsl aiust BAIII-4M

6.1 3aBMCEMOCTL IapaMeTPOB NyYKa OT IHEPruu

Ha Puc. 5,6 npuBe/iens! Pe3yJIbTATHI PACcieTa SHEPreTutieCKoro pazbpoca
¥ BpemeHn xusnu mydka u3 (11) n (12)ans xomnainepa BIIII-4M b 3a-
SHCHMOCTHM OT SHEPrHW YACTHIl NPH PA3HBIX 3HATEHHAX NapaMerpa CBI3H K
Ins cpasHenns Ha PuC. 5 MOKA3AHEL TAKHE KCNEPAMEHTAJIbHBIE DE3YALTATEI,
[OVIyYeHHbIe TyTeM U3MEPEHHs NPOAOIBHOr0 PasMepa myuxa npd GUKCHPO-
RaHHON HACTOTE CHEXPOTPOHHBIX KonmeGamuii [8]. Pacuernnie KpuBhIe og/E
HOPMHMPOBAHBI Ha TIOCTOAHHBINA ko3 uiuenT Tak, 4robsl B 001aCTA BHICOKAX
snepruil, rue pausaue 3P¢PexToB BHYTPHCTYCTKOBOTO paccestHusl MaJjio, OHU
COBIAJAJMA C IKCIIEPHMEHTAJIBHBIMH JAHHBIMA. D10 HeoOXOMAMO LISl YJIeTa
CHCTEMATHYECKON MOTPEIIHOCTH, CBA3AHHOA ¢ TOYHOCTHIO OMPEJENEHHHA Ia~
paMeTpoB MarHWTHOH CTPYKTYPBL Buago, uro B obmacra sueprun 1 I'sB
sdbdexr Tymeka HATHHAET HIPATH ONPEENSIONLYIO POTlb.

13



E, Mev

Puc. 5: Pacuernsie ¥ SKCIEPHMEHTAJIbHBIE 3aBHCHMOCTH 3HEPreTHHECKOro
pa3bpoca OT SHEPraM YACTHI, B KOJadnepe BS3IIII-4M.

100 - n
B0 =
-
| 40 - —0
iz =100
] k=1000
0 T v T ¥ i L
a0 1000 1200 1400

E. MaV

Puc. 6: PacuerHas 3aBHCHMOCTb BDEMEHH XKHM3HH ITy4Ka OT IHEPI'UH FaCTHIL

B konmafinepe BAIITI-4M.

14

Hauyumee COrJIacHe € 9KCIEPAMEHTOM B JAHHBIX MO SHEPreTHIECKOMY
pa3bpocy mocTuraercst npu k = 4, 9TO COOTBETCTBYET HabJojaeMoMy COOT-
Homenuio ¢a3obx 06bemos. Puc. 7 AIUNOCTPHPYET PA3IHike B PE3yJIbTaTax
pacuera o/ FE B OZHOMEDHOM H JBYMEPHOM npuOIHKeHHAX.

05+

"

01 v T - T ¥ T ¥ T - T 1
800 1000 1200 1400 1800 1900 2000

E MeV

Puc. 7: PesyanTaThl pacdera SHEPreTHtuecKoro pazbpoca; CIUIOMHBIE JIHHHH
— B IpUOIMIKeHHH JBYMEPHBIX CTOJIKHOBEHHUH, Iy HKTHPHBIE —— OJHOMEDHBIX.

6.2 3asBucmMOCTh OT NIapaMeTrpa CBA3M

HuTepecro paccMOTPETh, B KaKOH CTENEHH BIMAET y4eT JABYMEDHOCTH
CTONTKHOBEHMIA, €CAM NPEANnoIoKuTD, 4T0 3P dext Tymexka AOMAHUDYET Hal
npoueccamu uanydenus (guddysns) u Bag MPOLUECCAMH PACCESHNSA HA OCTa~
TOYHOM ra3se (BpeMsi XKu3HH).

C 3701 Hebio HallIEM OTHOIIEHHE PA3MEPOB M BPEMEH YKU3HHK NyYKa i
Pa3HEIX 3HAYEHH NAPaMeTPa CBA3H k, HO IPH PABHBIX NPOYUX YCIOBHAX, &
(12) cnenyer, 4To

1 k

;_" = EC(.&,E)

Tak KaK 1 ¢ TOYKH 3peHus: 3asucamoctd C ot &(u) MEHSETCS MaJo, TO AJIsi

15



AByX ciy4daes k = k; ¥ k = kz MOXKHO NOJIOKHTD £ = const. Torna

n k| (‘E)“._G_l
71 "k \(th Cy

B npenene up < u (cm. (11)

... {0 (szz -

u, lel
™ (5_ ”"‘.(& b -
T ko By Ca '

Tipumep: ky = 10, By ~ 120, C; ~ 7 (BIIIII-4M, 1 I'sB: € ~ 104 (cm.
Puc. 4)), kg == 1} Bg it 50, Cﬂ ~ 3:

No3TOMY

(23]
ee 18,
Uz

3oy

T
31eCh MBI TIOJOKAIA Xm B OGOMX CIYYasX OAWHAKOBBHIM (Xm ~ 10~2), no-
CKOJIBKY 3aBHCHMMOCTB f OT Xm AOCTATOYHO ciaban. Taxwum obGpa3oMm, ecyiu
abdext Tymexa AOMUHUDPYET, TO paNKalibHbIN pa3mep pa3bpoc 3HEpruu B
"KpyryiomM” IIy4YKe 3aMEeTHO MEHbIIe, & BPEMS JKU3HH 3aMETHO Bounbiie, 9EM B
ny4xe ¢ OOLIYHBIM HA MPAKTHKE 3HAYEHWEM NapaMeTpa CBA3M (k ~ 10).

6.3 Cuayuail pukCHpPOBAHHON! MJIOTHOCTH YaACTHIL

TIpu duxcaposansoli miornoctn yacrury (N/V = const, V' o u3/2 k),
HO pa3HbIXx k umeeMm

k1 = 10, B(k1, Xm) = 120; ky = 1, B(kz, Xom) = 60.

Uy [B(kljxm)]lfaﬁlgﬁ

"ﬂ: B(kﬂu Xm)
vil 1751 C(kz, E)
- = — =t (.54.
T3 ug Cl(k,€)
16

Ormeram saskHOe cnencrue yisi cayuas ucrounukos CH. Ilpr omunako-
BO#t "spKkoCTH” B KDPYIJIOM IIydKe Tpebyercst MMeTh HAMHOrO MeHbIIAH TOK,
HOCKOJIBKY OTHOINEHHE HACIa 9aCTHIL =S

M _ (w W g
E—(;{;) "'-'_NG.Z.

6.4 OueHKa PacXOXXAEHUN C TPaAMIMOHHBLIM MNOAX0A0M

OneHnuM HACKOJIBKO MEHSIOTCS PE3YJIbTATH 110 OTHOIIEHHIO K TEODHH,
OCHOBAHHON HA MPUOIIMIKEHHH OJTHOMEDHBIX CTOIKHOBEHHH (BEeNIMYMHBI C MH-
AekcoM *). 3ameTum, 4TO B TPAAMIHOHHON TEOpHH ”ABYMEPHOCTH” y4TeHa
TOMBKO NPH BBIYMCJIEHHH IIOTHOCTH, 3aBHCALIEH OT MONMEPeYHbIX PA3MEPOB
Ny 9KA.

Hpu B(00, Xm) = 200, B(1, xm) ~ 60 orromenne pasmepos

u\1/2 [ B(00,xm)\""° _
b “(B(k,xm')) ——

OTHOHIEHHE BPEMEH >XKH3IHH

2
T u '\ C(o0,€)
g ~ (u*) m~105

Takum 06pa3oM, B CJy4ae KPYIJoro mydka HONpaska B pasbpoce sHep-
ruu u pasmepax cocrasysier 20% (Puc. 7); Bpems XH3HH NPAKTHYECKH HE
MEHSIeTCSl BCJIE/ICTBHE OJHOBPEMEHHOIO M3MEHEHWs pPa3sMepoB U ~ PYHKIMH
NOTEPH” . '

7 3akJo4deHue

C yueroM JAByMEPHOrO XapaKrepa B3ammojelicTsusi JacTni B d3Pdek-
re Tymexa maifizen MoaabUIMPOBAHHbIA B MYHKIMM pACHDEAESIEHHs 1O
AMIYJAbCY, CKOPOCTH Juddy3un ¥ CKOPOCTH MOTEPh C BBEAEHUEM NOMOJIHU-
TebHOTO 0BOBILIEHHOrO MTaPaMeTPa CBSI3U — OTHOUIEHUS YIJIOBBIX pa3bpocos
10 N'OPU30HTAM ¥ BepTHKANA. IlocTpoeHs! YHHBEPCAIBHbIE XADAKTEPHCTH YL
ckue byHKIMH, onucsiBaoye 3¢bdexT IpH PasHLIX 3HAYEHUIX ITOTO Napa-
METpa ¥ B NPEJIENe IIOCKOTO My KA [IEPEXOASIE B H3BECTHbIE 3aBHCHMOCTH.
IIpuBeeHs! YHCIEHHbIe TpuMephl s Konmaiiaepa BOIIII-4M s obnacru
sneprud BO6su3u 1 I'sB, rie BausHNe BHYTPHCTYCTKOBOIO PACCEAHHS JaCTHIL
CTAHOBHUTCS OIIPEAEIISTIOIIIAM.
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Ioxa3ano, 9TO B CAYy4ae KPYIJIOro Iy4Ka NONPAaBKa K TPANMIAOHHOI Te-
opuH B pa3bpOCe SHEPTHA H Pa3MEPaX MONKET COCTABUTD 20%, npu 3TOM II0-
NPaBKa KO BPEMEHM JKH3HH HECYIeCTBEHHA.

Asropn Grarogapar VL.A. Koona, moGesHO COTMIACHBIIET0CA OPOATATE
DYKOIMCh ¥ BHICKA3ABIIETO MOJIE3HbIE 3AMEIAHUS.
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