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Keureu4i n^a3MaAa uaubrpay
npoqecrepi ue ro3ar{Abr 6enruex-

ri4 nonnprsaqrrcurHur4 ecepi

B 4aHHoi pa6ore noly\leHbt 3KpaHilpoBaHHbte noreHUtaalbl
B3ahMoAefcrBr4g qacrhq g nurneeoi nna3Me c yqeroM nolgph3aqrh nbt-
neBbrx qacrhq. Ha ocHoee 3KpaHrpoBaHHbtx noreHuraloB l4ccleAoBaHbl
npolleccbt pacceqHhg Ang napbr ]4oH-nbt^l4HKa h nbtnhHKa-nbtnhHKa/ B
\racrHocrr4 ceqeHhg pacceqH[q. floralaHo, qro npr4 cl4lbHbtx B3a]4Mo-
4eficrerax (p> > 1) BAneHne:$Serra notspv3aL\t4t4 Mano, oH Bo3H14-
Kaer rolbKo npr cna6urx asanuo4erZcrerzlx (p<1). YcranoeneHo, .{ro
BAngHVe nOAqpV3a\tAVl Ha paCCe9Hne t4OHa Ha nbtnhHKe He3HaqrTeAbHo.
TaK xe, hccleAoBaHo pacceqHhe nbtnhHKt4 Ha nbrnt4HKe nonarag qro
nbrnr,lHKr4 Moryr hHAyqrpoBarb AhnonbHbtt MoMeHr Apyr y 4pyra. f1o_
Ka3aHO L|TO no^9ph3allLlq nbrnrHoK Mo)KeT BecTh K yMeHbueHh0 ceqe_
H19 Heynpyroro croAKHoBeHhq Me)KAy nbtnhHKaMh.

Kru,oqenule cloBa: nblleBag nna3Ma/ 3KpaHhpoBaHHbte noreHLlralbl
B3ahMoAeicrBug, no Aqpt43auilq / ceLteH zq pacceg H hq.

In this work screened interaction potentials in dusty plasmas, taking
into account the polarization of dust particles are obtained. On the basis
of screened potentials scattering processes for pairs ion-dust and dust-
dust are investigated. In particular, the scattering cross section is
considered. lt is shown that in strong interactions (B> >1)the effect of
the polarization effect is small, it occurs only in weak interactions (p < 1).
It was found that the effect of polarization on the ion - dust scattering
slightly. Scattering of dust-dust particle is investigated assuming that the
dust particles can induce a dipole moment of each other. lt is shown that
the polarization of particles of dust can lead to a decrease in the cross
section of inelastic collisions between dust particles.

Key words: dusty plasma, screened interaction potentials,
polarization, cross section.

Eyn )KyMbtcra ro3a{Abr 6enuter notqpvaawqcbtH ecKepe orbtpbtn
6enuerrep4iq srpaH4anraH oceplecy noreHqhurlAapbr anbtHAor. 3r-
paHAaAy noreHuha^Aapbr HeFt3tHAe hoH-ro3aH )KeHe To3ari-To3aHHbtH
uaubrpay npoqecrepi reprren4i, )KeKe €r raHAa uaubtpay KfiMacbt.
KyLuri ecepnecyae (p> >1) nonrph3aqreHbr4 ocepi encis, on oncie
ocep^ecyAe (B < 1) ryulH4afirulHur repcerin4i. llo,,rrprasaqrrHsr4 ocepi
r,loHHbrH ro3a4Abt 6erruterre ualubtpaybtHa o,,rcis ereH4iri aHbtKranAbt.
Toearp,ur 6enurerrep 6ip-6ipiHe ArnonuAi voveuriH ryAbtpybr r,ayvriH
4en 6onxarZ orbtpbln ro3a4bt 6onu.rerri4 To3aHAbr 6ennuterre uaubr-
paybr 3eprrenren. Tosa44ur 6snuterrep4i4 nonrpr3arjhecbr ro3aqAbr
6e,ru.rerrep4i4 apacurH4arur cepnivcis coKTbrrbtcy KhMacbtHbtr-l reMeH-
4eyiHe arenyi vyrrariH er<eHAiri repcerinreH.

TyiiH cer4ep: To3aF{Abl nna3Ma/ 3KpaHAaAraH eceplecy noreH-
rlha^Aapbl, no A9pn3aw9/ uaujbrpay KrMacbt.

@ 2015 Al-Farabi Kazakh National UniversiW
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Kagaxcrufi HarlrroH[urr,Hbrfi ynueepctrer u*r. ax,-@ apa6n,
Pecny6nzrn Kasaxcran, r. Alvarrr

E -mai I : r amazan @phy sic s.kz

BneaeHne

B IrocJIeAHZe ABa,qrrarr, JIer rrbrJleBafl rtra3vra .f,Br.f,erc.f,
o6:sercrou r.rHTeHcrr BHoro zccneAoB a:rrwl.. I4letorcs 6omrxoe rco -
nrrqecTBo gKcrrepIIMeHTzurbHbIX AaHHbrx IIO CTaTrrqecKIIM r,r An-
HaMI{qecKr4M ceoficrsaN{ nrrnesofi rrJla3Mbr, Koropble Harrrnu yc-
rrerrrHoe o6rscHeHze B paMKax reoperr{qecKr{x MoAenefi u llero-
AaMr{ KoMnbrorepHoro MoAenr{poBaHr{.f,, B Koropbrx asauuo4eft-
crBr4e MexAy qacrr.rrlaMu 6epercr B Br{Ae noreHrlr4zura IOKasa.
OAnaxo r{3BecrHo, qro B rrbrJreBofi nna3Me noreHrlr4zur BoKpyr

rlbrJrr,rHoK r4Meer acr{Mrrrorr{Ky =r-n, c n=3,2 ll-3), BcneAc-

rsrae ru6eru [oHoB Ir 3neKTpoHoB Ha noBepxHocrr{ IrbIJItrHKrr.
B pa6ore [4] uoxasano, rrro raKoe rroBeAeHze noreHrlrraJra

He crrJrbHo BJInter Ha rlpoqeccbr pacce.rrHrrr B IrblneBofi nnaslnle.
Bonpoc o Bo3MolrHocrr4 npvrrxeHrrr Menqy oAHor{MeHHbrMrr
fIbrneBbIMpI qacrr{rlaMz ocraerc.fi orKpbrrblM. O4uuu I{3 Bo3Mox-
HbIX MeXaHr{3MOB IO.rrBIeHpLf, Ar4nOnbHOfO MOMeHTa y rIbInI{HOK
3a cqer vHAyrlkrpoBanHofi nolxpvaa\vwr rrbrJrrrHoK [5,6] nu6o sa
cqeT nontrpvrca\vpr cocTaBHofr cucTeMbr rrbrJrrrHKa+3axBaqeHHoe
o6rarco r4oHoB Bo BHernHeM DneKrpraqecKoM rroJre [7-9]. Teope-
TzqecKoe o6r,scueHue npr4TrxeHr{fl nbrJrr4HKr{ r 4pyrofi rrbrJr}rH-
Ke B ra3oBoM pa3pflAe nocroflHHoro roKa 3a cqer Qorcycuponrcz
r{oHoB nrrnznrcofi AaHo B pa6ore [0,11]. [eralrnoe uccneAo-
BaHr{e pacceflIJvrfl. rIoHoB Ha frbIJII{HKe C UCIIOJIb3OBaHI{eM IIOTeH-
rluana lOxasa npoBeAeHo e pa6orax ll2,4l. B pa6orax [13-15]
Ha ocHoBe q[cJreHHoro perneHr,rr ypaBHeHrrfl Boruqillana [oKa3a-
HO, qTO BnrrflHr{e nbrJreBoft KoMrroHeHTbr na 6yQepnsrfi ras N{o-
xer 6rrrr 3HairrrreJrbHsru. B qacrHocrrr 3a cirer ru6enu r4oHoB rI
gJreKTpoHoB Ha nbrneBofi iracrvrle, Koropoe Moxer 6rrrr :ua.rn-
TeJIbHbrM B 3aBUCTTMOCTI4 OT qI.lC]trA IIbIJII4HOK B pa3pflAe II Ceqe-
Hr4.rr norJrorqeuux (paccexuur.) uouor (alercrponoe) nulzur<ofi.
flocre4uee 3aBkrckrr or pa3Mepa rrbrJrr4HKrr v rroreHrlrrzrJra
rsaznro4eftcrBvrfl c nrrnunrofi. Tarczru o6pasovr, trccJreAoBaHr{_rr

eroft rpo6neMbr raK xte BaxrHo c npaKTzqecKofi ToqKr..r 3peH.rr B

Tex o6JracTtrx, rAe aKTuBHo vcnoJrb3yeTcf, Hr{3KoTeM[epaTypHas
pa3p{xeHHafl rrnztsMa I I 6- 1 9].

BAVflHI4E
nohflPvt3{uvtv

nblAEBblX qACTl,lU

HA nPOUECCbI
PACCEflH14f

B KOMNAEKCHO]Z
NAA3ME
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Bnz.rHHe rronflpv3ar\uu flLTJreBbrx ilacrr4u Ha rlpoueccbl paccefl,Hrtx B KoMnJIeKcHoil nlarlre

Boupoc o BIrvtflr.vlr rronfpl43allv[ nbIJIrrHoK Ha

llpoqeccbl pacceflHldfl, Ha IIbIJITTHKaX etqe He HarIrJIo

cBoero AerzulbHofo paccMoTpeH]1lfl' cBfl3rl C qeM B

AaHHOfi pa6oTe [ccJIeAoBaHbI pacce.flHl{t t4oHoB Ha

c(bepr4.recKofi nrrnuure c yqeroM nonflpv3a\vuI
nocJre.rlHrrx. Hafiaeso qro oro BITlz.Arlilzc- fBJl-gerc-fl

HI4qTOXHbIM. Tarc Xe, UccJIeAoBaHo paccefHAe rIbI-

JII4HKLI Ha IIbIJTI4HKe rroJlala.fl qTo ITbIJTI.IHKI{ MOryT

t4HAyrlupoBarb Ar{IIoJIF,HbIfi lronrenr Apyf y Apyra.
floxasaHo qro rlonflpl43ar\vfl. rIbIJIrrHoK Moxer Bec-

TU K yMeHr,IXeHI4IO CeqeHI{t Heyrlpyfofo croJrKHo-

BeIlVIfl, Me)KAy IIbIJrI4HKaMrr.

Bo aropofi ilacrll npuBeAeHbl nsl6pauuue lo-
TeHrlr4zurbr rsaulro,4eficrsus.6ez yqera cpeAbl I{ BbI-

BeAeHbI CooTBeTcTByroilIue 3KpaHr.rpoBaHHbre IIo-
TeHrlrrurJrbl nsaralro4efrcreux Ha ocHoBe MeroAa

$ynxqura AugreKrputlecxofi npoHl{IlaeMocrll. B
rpereft qacrlI Ha ocHoBe BbIBeAeHHbIx 3KpaHVpo-

BaHHbrx IOreHIII{ZIJIOB ITCCneAOBaHbI rlpoqeccbl
pacaefl]'j^vr', s urrresofi IrJIa3Me.

iloreHuua;rbl B3ar{MoAefi crelrq

floreuuuar esaulaoAeficrBrrs. vorra c IrbInIlH-
Kofi 6es yrrera cpeAbr B3sr B ru4e [5,20]:

DneKTpoHoB Lr rloHoB e6rusz noBepxHocrrl rrbIJII{H-

Krr c r4cnoJrb3oBaHl{eM noreHlll{ana (1) nonyueurt
3HaqeHr.rr nns. 3apfl,Aa fIbrJIrrHKI{ KoTOpbIe Xopolxo
cofnacylorcs c 3KclepI4MeHTiLIIbHbIMr{ AaHHbIMI{.
Ha pucynne 1 lpeAcraBneuu rpaQnrcrr rloreH-
lqlnara (1) arrx pa3rvqHbrx 3HaqeHI,II4 3apflAa nbl-

JrrrHKr4. Kar ruAno eQQerr nonf,pr{3allvv ycvnu-
BaeTc.[ c yMeHbIxeHveM 3apfl.Aa ITbIJII4HKI{.

.ftr perueuvfl 3ara'rirr o Kraccl4ilecKoM paccet-
Hrrrr BaxHo paccMaTprlBaTb 3KpaHVpoBaHHoe IroJIe

rrbrJrrrHKr4 [4]. B qemx Haxox(AeHv-n 3KpaHrrpoBaH-

Horo aHiurofa noreHlll{a-rra (1) ucrloJrb3yeM MeroA

QyHrquu Ah3neKrpl4ilecrcofi rrpoHrrllaeMocru. (Dy-

pe o6pa: oKpaHzpoBaHHoro rIoreHIIlraJIa Haxo,4t4M

ro Qopnryre:

60.)= ry, e)' e(k\
rrc Q(k) @ypre o6pas roreuqutura (l) u e(k) cra-

TrrlrecKa-fl Au3ireKTpl{qecKas [poHI4IIaeMocTb Koro-
pyro 6epeu s suse l2ll:

t(k) = ,*F, (3)

r1e a - paryryc IrbuIuHKv, ( pareu ep.lzlrlz\e Ans'
MerzurlrvqecKrlx IrbIJIIrHor u ( : (ea- l) I (ea+ 1)

An.rr AV3neKTpUrIeCKIrx TIbIJIII HOK C AklgreKTpl{qec-
rofi upouuqaeMocrblo u [201. B pa6ore [20) v
paMKax (noB epxHoctrofi uo.4enl{)) nyreM rtpu6 ttu-
x(eHHoro pemeHl{s ypaBHeHlrtr lllpe4uurepa rnfl

rge kp - IlapaMerp 3KpaHvpoBaHI{-[ - Benuqu]F'a o6-
purnafl..{e6aencrofi Alzne },.

@ypre o6pas uoren\vura (l) zueer nz4:

4tre'Z (etant ,, ,,Qfr)= *T(l -cos(fra)). (4)

floAcraertt Qopr"rynu (3), (4) n (2) u npoBeA.a

o6paruoe Oypre npeo6pa:onaHlre, HaxoAI{M gKpa-

HHpoBaHHbrr"r noreHunztJl esazuo4eft c rBrrfl. vIona c
c$epnvecxor-r nslresofi vacruqefi :

e'z I e2a3
ltjlrl= ---Y\'' r 2r'1r'-a'1'

(1)

.f lr = al - -l'lr - a)
'l

lrA-

-f (x) = exp(-xkr)E (-*, | -evr-rt-- lfir--rt-- )-

J

.r . fitarl: l,iesgirrl -r.

-f@)
(5)

fAe
(6)

Ei(-ax) =

Ha pr.rcynxe 2 noxagano cpaBHeHI{e noreHunzlnos ( I , II t -i t

na 6onrruzx paccrof,Hlrllx.

- ldxexp(-axl

B{.B.' qrLr n(-treHluran

t6 Becrnur KagHY Cepnr Qntnvecs- -El r il r ] - 
j

(5) expauuporau
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Pucyuorc I - Ioresqraan nsalrlruogeft crnuri uoua

c nurr,rnxofi (1) a egeHlaqax q(a) npu pa3nr{qHbrx 3HarIeHr'It

3aptAa [brn4HKIr.

PacroxnHe AaHo B e.qeHrrllax paAr{yca [LIJrr'InKr{'

HyNno orMerl'Irb, qro rpl4 a / (22) < 0'1 sK-

paHr,rpoBaHHblfi roreHlll'{an (5) c npll6n[xeHHo
Mox(er 6srrl saMeHen sopuynoft:

l rrz t eza3 
_l 

,O(r)=-l ""++-;+ 
^lexp(-rk). 

(7)

I r '2r-\r--a-))

Paccuorpuu rerlepb nsazvro4eficrnue 3apfl-

xeHHbIx nbIJIrrHoK c AI{rronbHbIMIl MoMeHTaMIl dr
dz. BsoAfl pa3Hocrb AI'IrIoJrbHbIx MoMeHToB

Ld =(dr-dr)n, fAo n eAlanulrrrrr,rvl BeKrop

coeAl.rHtrctuufi qenrpH AI{rIOJIefi, rloreHllfian IIx

B3ar{MoAeficrsut 6es yqera sKpaHI4poBKI{ MOX(er

6rrrr ganltcan r nu4e [8]:

ea$) ="2' *"tlo' (8)
rr-

Pncynon 2 - Io'renquan rsalruuo4eficrBr'It I4oHa

c uruunxofi (1) u er<panupogaanrtfr rIoreHIIr4zuI

nsamvloreiicrerar (5 ).

@ypre o6pas noreHr\uara (8) urvreer nn4:

Arre'z' 2tt2 ez LdQoo(k)=7+-. (e)

floAcrann-sx (3) u (9) n Qopuyny (1), uocre

o6parnoro (Dypse npeo6pasonaHllt HaxoAI{M 3Kpa-

Hr4poBaHHbIfi norenqual asauuo4eficrBrlf, IrbIJrI{-

HOK:

e'z' ez\dll | ".yl,tfO)Qoo(r\=-exl(-r t A)+ r lr- Zll V 
I

rye f (x) onpeAennercr Sopvryrofi (6).

I,Is pucyura 3 nu4no, qro floreHllual (10) er-
paHI,IpoBaH Ha AaJrbHlIx paccro-f,Hl'Iflx.

E-]

0.0 0'5 1.0 l.s z'u

r Llt

Pncyuorc 3 - florenqlranrr esalrvo4eficrnzr (8), cuJloruuat rutrzx, u (10)'

rryHKrr.IpHat Itzlalrx,fipLr Ld I (eZL):0'l s eANHIaqax @ (I)
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Bnunrue nontpl.{3aIII4I'I nblJleBblx qacrlrq Ha npoqeccbr paccetHltt B KoMlrneKcnofi ua:ue

B pa6ore 122] Y KaqecrBe sKpaHllpoBaHHofo

rroreHql4zlJla BaI'IMOAeficrBI{-f, 3ap'f,xeHHblx TIbIJII{-

HOK C AI4IIOJIbHbIM MOMEHTOM IIPEAJIOXEHL C]IE-

AyroilIafl QoPrrYla:

(e'Z' eZLd) , -.,'\@,,(r)=l "" +-lexP(-rl)')' (11)
-da\ ' I r r' )\'

IrIs cpanueul{fl c floJryqennofi roqHofi Qopt"ty-

rofi (10j nafi,4eno uro upra6nnKeHl{e (11) cupa-

BeAJITIBo Irpu ycnoBr4u Ld I (eZA) < 0'1-' Oatraxo

HaAo raK xe yqllrblBarr' qro tfopuyna (8) uoxer

6rrrr ucnonb3oBaHa roJrbKo rpl4 A'd I (eZA) < |

[8]. IIpu HapylueHul4 rlocneAHefo ycnornx neo6-

xoArrMo yqurblBarb orAeJIbHO Aet{crByloqee

ssarftIoAeficrBlre AByx Aunolefi' [alee 6yaeu

paccMarpl,IBarb rlpeAen cna6oil rronf,plaraql{I{ rlbr-

rr'rHoK lult 1ezll < 0.1.

Ilpoqeccu pacceflHrrfl B KoMrureKcnofi uJrasMe

.[anee IlccJIeAyeM ynpyrue croJIKHoBeH[fl

MexAy AByMt qaCTuIIaMI'I C MacCaMII fIIl I{ IIl2' KO-

Topble sgaulaoAeficrByror rlocpeAcrBoM tloreH-

r\uNn UG). B eroM cnyqae yron pacceflHnfl qacrlr-

rlbr c TIpI{IIeJIbHbIM napaMeTpoM p onpeIenflerc '

cJreAyIotIIt4M o6Pasovt:

o,:zo [lr-cos z@)lpd p
U

Paccesttus' rroHa Ha nrrneeofi qacrl{Ile' B raqe-

crBe rloreH1t,zLuru rsauuo,4eficrnur U(r) uclroJlb-

3yeM gKpaulapoaannrrfi rIoreHIrI'IzlJI ssaul{oAeftcr-

BLrflvlo:aa c 3aptxeHHofi cQepofi (5)' rge noJlaraeM

l: l.IlpurepexoAe K HopMI{poBaHHoMy paccrofl-

rtrrro r / )" toueqeulle eQ$erruBnoro rloreHlrlraila

onpeAentlorct cneAylouuuu 6eepasMepHblMl4 rla-

pui"rput" f : 
"tzo 

/ mo2)' v o - a ./ )" rge

o - pit^y" nunesofi qacrllllbl' B pa6ore ll2] 6st-

nu rrccJreAoBaHbl croJrKHoBeHI{fl I4oHa c nrrnesoft

uacrraqefi, Koroplle ssauMoAeficrByror c noreH-

ur4tuloM IOKaea. Cre.uyr pa6ore [12], lpuuenrnrrfi

IIap poBaH Ha ue-

pex rIaPaMerP

P* ' rotoPsrft

onpeAer-f,ercf, uI3 cneAylou[x ycnonr'rfi: (1)

1; (ii) (J'*(r^u*,P*)=0; (iiD

lroroprrfi o[PeAenserct rr3

rmtr flollo)Kerlvle

(14)

MaKclIMyMa,

ypanHenufi

r@) --lo -2q@)1, (r2)

*, dr
r$e, (p\l))= Pl ,--'- 4-) r \r ' ' !," t|-u *(r' P)

3lecs (J * - etftferrurHaf, rloreHlrllanbHa-fl sHep-

rrrfl, HOpMI4pOBaHHafl Ha KI{HerI{qecKyIo gHeprlrrc

E: mo" l2

u*(r,P)= Pt l12 +2u(r)lmo'' (13)

SQiferrurnufi uorenqual (13) yqurblBaer rlo-

t."ur-n rsauuo4eficrnur U(r) l'r qeurpo6exHyr)

culy. [ttt 3aAaHHOfo p 3FiaqeH:nfl rry;n, frpv KOTO'

pov Uu6 ?^n, P) : I coorsercrByer paccro'nHllro

Mr{HI{MruIbHoro c6nraxeHlaq qacrull'

Ooprvryna Anfl TpaHcloprHol'o ceqeHlle paccefl-

HI4fl I{MEET BIIA:

(r^u*l ),)s'*tt : f (r* I t'-l)' Ha pucymax 4-5

npI4BeAeHbI )ron pacces]F'krfl' B sABldCUIMocrkr or

upuqenrHoro [apaMerpa. Vrnu paacefllrLrs '4JUI 
no-

reHqr,rzua (5) paccvuraHbl B cJlyqae, KorAa pacc-

TorHI{e MrIHI{MztrIbHoro c6nuxenlrs 6omrue pa-

Auyca nruesofi qacrl4lrbl tmin ) a' Yron paccefl-

Hr.ur, rloJrjtrIermrrfi ercpanl{poBaHHblM rIOTeHuI4ZrnoM

nsazl\aoAeficrBut (5) 6ruv cpanneHbl c pBynbra-

TaMI'I, IOJIJITIeI{III'IMH C IICIIOJIb3OBaHflOM nOTeH-

quana IOxasbr. He6ommoe pa3nl'rque na6nroAaer-

cr roJIbKo trpH ManeHbKoM 3aptAe nlrnesofi qacrvl-

\s ZrlO, iu nnmo I{3 prrcyHKos 4 u 5' flpu

P < P. yrOn paCGetrilr.f, yBeII'IqI4BaeTCt MOHOTOHHO
'go p :'p., n 6Hclpo yMelrblnaercfl npvr P > P-' C
yBenr{qeHnex 3apflra muresofi qacrlllrbl s$tperr

rronflplr3arrrB Hf,rnoxen (lncynrur 6-7)' B cJryqae

*o.au f < | (cnaSoe nsarryoAeficmue) npzqenr-

nui lapaxerp EoprffpoBarr na l" Ha pucyme 8

noKiBas yroJr paocffix B 3aBI'ICI4MOCTI4 Or rlprr-

qerlbuoFo rePrcrP P / I NA P: 0'1, a: 0'I'
Ceseme pacceffie EoEa Ha rrbuleBou qacrulre B

3aBuctrMocrtr or trryax€Tpa p rtpuaegeH Ha pucyH-

rce 9. IIo ltaFEr.nr pc:tyJlbraroM BI{AHo, tITo BJTIILI-

HlIe IIontpE]aIE Ba cToJIKEOBeHHe rloHa c nbIJIe-

sofi sacnqef, E€3[arETeJrbHo'
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BruqHI4e nonrpr43aqr,rr4 rrbrJreBr,rx qacrl4rl Ha npoueccbl pacces+ufl B KoMrIJIeKcHofr n,ra:rrae

Paccesnve, rrbllleBbrx qacrrrll. Paccuorpulr pac-

ce-fiHl4e 3apDKeHHbIX TIbLIIeBbIX qacrlrll. B r<aqecree

rroreHr,tlaJra B3alrMoAefiCreux 6epeu 3KpaHr{poBaH-

Hbrfi noreHlllran (10). Tanxe 6y4enl cpaBHl4Barr, c pe-

3yJIbTaTaMI{, [OnylIeHHI'rMI4 Ha OCHOBC nOTeHIII{aJIa

IOxaesI. Oupe4elurl cneAylotul4e 6espasrr,repune ua-

paMerpbl F = p I ),, P : e222, I mu' )'. Tarcxe nc-

peonpeAenl{M napaMcrp o, KaK a :l\dl I (eZ )') .

Ha pzcynrc l0 npzee4en yron paccerHnfl'rtbr-
reeofi llacrrrubl B 3aBucI,IMocrIr or rlpuqcnbHofo
napaMerpa npv o, : 0.1 u P : 0.1.Hafi4euo, vro e

cnyqae worga p<1 (cna6oe r:anno4eficrrue) uoxn-
rrercs nexzfi KprrrrrqecKl4fi npuqcntultfr lapa-

MeTp p",' B KOTOpOM HaJIeTarcIIat IILIJII{HKa' pac-

ccuBaeTct na tnla,rr,rfi yron 6lr.r:xlr K Hynro.

Zs pucynra l l eIa4no, qro c yBenulleHlteM o,

3HalreHr{fl KprlTllqecKoro fipuqcnbHoro napaMeTpa

coorBercrBeHHo yBenuiluBaerc .. Ha pucyut<e 12

rrpeAcraBneHbl yrnbl pacceflHrls, B 3aBI4CI{MOCTI{ OT

HopMr4poBaHHofo npuqenbHofo rlapaMerpa npv
pa3nuirHbrx 3HaqeHr{rx B. Pucynox yKa3blBaer, qro

Kprrrr{qccKrlfi upuqeltnrrfr napa*rerp orcyrcrByer
rryvr p > 0.2.

10

0,1

0,01

Pncynon 10 Vro:r paccernur B 3aBr{cnMocrrr or HopMI.{poBaHHoro npHue-lbHoro r,apawerpa p / ).
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Pauagason TC. v 4p.

10'
01

p

Pucynorc 13 - CeqeHnq pacceflHtq B 3aBlrcr.rMocrr,r
or napanrerpa p [pr,r 3HaqeHr.rrx o - 0.05

Ha pucyurcax l3-14 rroKa3aHbr ceqeHrrfl paccef,-
HVrJd B 3aBr{crrMocTrr oT rrapaMeTpa B npv 3Haqe-
HHflx u: 0.05 u a : 0.1. Ce.reHrls pacceflHrrfl. lrla-
qecTBeHHO CofnacyeTc{ ceqeHIIeM, BBrqUCIeHHbrM
c rroTeHrlrranoM IOKaBa. Pasrnqze rroflBJr.f,eTc.f,,
KOrAa MvHrrMyMbr B yrJre pacceflHvtl .rrpKo Bbrpa_
xeH, ro ecrb npu 0.005 < p < 0.2.

3axlroqeHue

Ha ocnoee BbrBeAeHHbrx gKpaHzpoBaHHbrx [o-
reHrlr{anoB esauuo4eficrnrax lracrrrrr nlrnesofi
rrrlzBMbr c yqeroM rron;rpra3arlzv qacrr{rl 6r,rno upo-
BeAeHO VCCJIeAOBaHVI9 BJfiLflIlVIfl trOJIflpr43aIII4rI flbr_
IHHKI4 Ha npoqeccbr KjraccvqecKoro pacceflHrrfl..
VcranogreHo, rITo 3To Bru.f,Hue Ha paccef,Hr{e
flOHA HA TIbIJIIIHKC HC3HAqPITCJIbHO I{ EIO MO)KHO
upene6peur. Tarcxe ycraHoBneHo, qro rrorrxprr3a-
ilH{ rrbrJrrrHoK BeAeT K yMeHbrxeHr4ro ylpyforo ce_
teHnt pacce.r{Hus [buIvHKa-IIbIJII{HKa.

Hyxuo orMerrrrb, vro eQQexr ronrpv3arluu
nblrrrrHKra Ha pacce.rrHrre 3neKTponos Naoxer 6srrr
tHaqr{TenbHbrru. flocneAHee Hy}KHo paccMorperb
IBaHTOBO - MeXaH]IqecKr,I, frocKoJrbKy trotBneHlIf,
]B-S3AHHbIX COCTO,'IHI4II OKZI3bIBACTCS BAXHbIM,trI-f,
mxyp arHoro orpeAeneHr.r s, 3ap fl,Ia rrr'rluurcu [2 0].

Karc 6ruo rroKa3aHo n pa6ore 122] nsuruuxu
!(oryr r{Merb AprrronbHbrfr uotrenr r4HAyrIVpoBaH-

- Yukawa potential

' Eflective charged drpol potential

o=0,1

! r:::'

B

Pucynorc 14 - Ceqenr.u paacel;uv.r B 3aBncr{Mocrt
or napal.r'erpa B npu 3Haqerr4rx o : 0.1

Hbrfi BHerxHprM 3neKTprrirecKr{M rroneM. B grolr
cnyqae TaKxe MOXHO rrCrroJrb3oBaTb 3KpaHr4poBaH_
Hbrfi rroreHrlr{aJr (8). Ognarco, MeroAVKa orrr4caHHat
n rperefr qacTr{ He npuMeHvMa BcneAcTBr{e Hapy-
rrreHr{-fl cQepzvecrcofi czulrerpu v 3a!Lalc{v.

flocle4nze ABa Borrpoca 6y1y-t krccJreAoBaHbr
oTAenbHo.

B salcmo.IeHlre, B AaHHofi crarre MbI ycraHoBl{-
nr4 rrpoqeccbr pacce.rrHrlf,, Ha KOTOpbTX nonf,pv3a_
IIpIf, nbIJrr,IHoK He prMeeT cI{JIbHOtO BItVtflIJVIfl. r{ MO_
xer 6rrrs HeyqreHo. Tax xe ofrr{caH unrepecur,rfi
sQQexr Bo3MoxHoro (HyJreBoro) paccerHr4.rr nbr-
JITTHKIT Ha fIbLrrI{HKe. flocle4uee rrof, BJr.rrerc_rr roJrb-
KO rrpv orHocprreJrbno 6onrlrzx 3Hepru{x Hane-
rarorueft qacrr{rlbr 0.005 l/ < 0.2. K rpr4Mepy, npv
3apf,Ae rrbrJrrrHKrr 26: l0', 10" arrx P : 0.I uMeeM
KUHeTIIqecKyrc SHeprl4rc HaneTaroqefr uacrvqrr e
cr{creMe rleHrpa v.acc E : 172 eY, l.j2Ev coor-
BercrBeHHo. Mu paccuorpenu cnyvafi cla6ofi lo-
nflpu3ar\rrpr nbrJrrrHoK Ld I (ezl) < 0.1. OanaKo, rro-
nflpv3a\vfl fIbIJrrrHoK, Moxer 6lrrr cranrnee 3a cqer
BHerrrHero 3neKTpvqecKoro noJrfl. B sroN,{ cnyqae
sQserr (HyJreBofo) paccefl:avrfl Moxer rro.rrBrrrbc.rr
lpz 6oree Hr{3Ktzx 3Heprurrx peanr.r3yroqvrxcfl Ha
3KCnepr4MeHTiUrbHsrX yCTaHOBKaX nO UCCJTeAOBa_

Hrrro rrbrJreBofi nnasurr. fge rnneruqecKa.fi TeMrre-
paTypa rrbrJrrrHoK MoXeT rrMeTb 3HalreHrrf oT Hec_
KorrbKr{x eV [23] ao 20 eY [24].

b

. Yukawa potenlial

. Effective charged dipol potential

c=0,05

k
D
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