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PaseuTta HeneptypbaTuBHas Teopus NOTEPb IHEPrUM MPU CTONKHOBEHUSIX ABUKYLLMXCS C PENSTUBUCTCKUMN
CKOPOCTSIMI CTPYKTYPHbIX BbICOKO3apsiiHbIX TsXKENbIX WOHOB C aTtomamu. [MonydeHa npocrtas ¢opmyna ans
acpbekTnBHOrO TOpMOXKeHus. [og CTPYKTYpHbIMU MOHAMU B pamKax [aHHOW paboTbl MOHMMAOTCA NOHbI, CO-
Jep>Kaline HacTUHHO 3aMOSIHEHHbIE NEKTPOHHble 060n04ku. IMEHHO Takme MOHbI, Kak NPaBuso, MMELNe
3HaumMTenbHbIN 3apag (Hanpumep, H4acTMHHO «0BoApPaHHbBIE» MOHBI ypaHa), NCMONb3YHOTCA BO MHOFUX dKCMepu-
MEHTaX Ha COBPEMEHHbIX YCKOPUTENSIX TSAXKENbIX NOHOB.

PACS: 34.50.Bw, 11.80.Fv
1. BBEOJEHUE

N3BecTHO, 9TO HEYNIPYTHE MPOIECCHI, COTPOBOYKIA~
IOI[e CTOJKHOBEHUs DENSITUBUCTCKUX HOHOB JIOCTA-
TOYHO OOMBIINAX 3apsI0B € ATOMAMH HE MOTYT OBITDH
omucanbl [1, 2] B paMKax Teopun BO3MYINEHMIT marke
MPU CKOJIb YTOIHO OOJIBINMUX JHEPTUSX CTOJKHOBEHUS.
[TocnemoBarenbHasa HenepTypOATHBHAST TEOPHS IOTEPH
SHEPTUU PEIATUBUCTCKUX «TOJIBIX» TIKEJIBIX HOHOB HA,
CBODOITHBIX 3JIEKTPOHAX paseurta B pabore [3]. Omma-
KO 9aCTO B KCHOEPUMEHTAX HCHOTB3YIOTCS YaCTHIHO
000paHHbIE WOHBI, KPOME TOTO, TIPU JIBUKEHUH ObIC-
TPOTO WOHA B Cpefie B Pe3yJabTaTe TPOIECCOB Mepe3a-
DSJIKM U TTOTEPH JEKTPOHOB YCTAHABIUBAECTCS HEKOTO-
Ppblil pABHOBECHBIH 3apda] MOHA, MEHBbIINWN 3apd/ia roJIo-
ro mona. Ilpu pacuerax TOPMOXKEHUs TIOJE€ SKPAHUPO-
BAHHOIO MOHA OOBIYHO OMHMCHIBAEGTCS KAK TOJE TOYed-
HOrO 3apsijia, XOTsl B MPUHIAIE SICHO, 9TO TPU CTOJK-
HOBEHHUSIX C MaJIBIMU MapaMeTpaMu yaapa Wiu OOJb-
MITAMU TePeJAHHBIMUA UMITYJILCAMU UOH BeJeT ceds Kak
rOJIBIA HE3SKPAHUPOBAHHBIN 3ap4al, a MPU CTOJKHOBEHU-
X ¢ OOJIBIIMMUY MTapaMeTpaMu yaapa WM MaJIbIMU Te-
PEIAHHBIMY UMIYJILCAMUA MOH BEIeT ceDs KaK IKPAHU-
pPOBaHHBIHM 3apsia. JIpyruMu cIoBamMu, MpeacTaBisercs
HEODOXOJUMBIM PACCMATPUBATH TOPMO3SAIIUICS UOH He
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KaK TOYEUHY0 JaCTHILY, 4 KAK MPOTAKEHHY O CTPYKTY]-
HYI0 YACTHUILy Pa3MepoM TOPSIKA pa3Mepa 3JeKTPOH-
HBIX 000JIOUEK, HA KOTOPBIX PACMTOIOMKEHBI 3JIEKTPOHBI
NP yCTAHOBHUBIIEMCSI PABHOBECHOM 3apsijie MOHa. B ps-
ze pabor (cm., nanpumep, [4-6]) nomobubie 3¢ dexTb
paccMaTpUBAIUCE B PAMKAX TEOPUH BO3MYINEHUH, 00-
JIACTh TPAMEHUMOCTH KOTOPO# TPeOyeT BBINOTHEHUS
HepasercTBa Z/v < 1, tne Z — 3apsn Hametaomei
YACTHUIIBI, ¥ — OTHOCWTEThHAST CKOPOCTH CTOJTKHOBE-
Hus (3[eCh U Jjajiee UCMONb3YIOTC ATOMHbIE eJIUHULBI
h =m, = e =1). Ins nocne10BaTeIbHOTO yIeTa HAJIH-
Y 3JIEKTPOHHON «IMIyOBI» TSAYKEIOTO PEAATUBUCTCKOTO
MOHA HEOOXOIMMO HEemepTypbaTuBHOE paccMoTpente. B
HocJie/IHee BpeMsi BbINOJHEHbI SKCIEPUMEHTBI (CM., Ha-
npumep, [7-10] n yKazaHHBIE TAM CCHIIKN), T NCCTeI0-
BAHBI MOTEPU SHEPTUYM NOHOB HACTOIBKO OOJILITNX 3apsi-
JIOB, 9ITO ISl HUX 00JIACTh MPUMEHUMOCTH OOPHOBCKOTO
npubiuzKeHus, CTpOro ropopsi, e jgocruraercs [1] na-
JKe TIpu v & ¢ (¢ — CKOPOCTH CBETA), TaK YTO YaCTO
oka3zbiBaercs Z /v ~ 1.

~

B macrosmeit pabore passura HemeprypOATHBHAS
TEOPUS TIOTEPh YHEPTUU TPU CTOJIKHOBEHUSX IBUIKY-
IIIUXCS C PEAATUBUCTCKUMUA CKOPOCTAMU CTPYKTYPHBIX
BBICOKO3APSIHBIX TAZKEIbIX HOHOB C HEPEeJIATHBUCTCKH-
mu aromamu. [Tonydena npocras dpopmyna mis 3¢ dex-
TUBHOTO TOPMOKEHUS .
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2. IOTEPA SHEPI'UN IIPN
CTOJIKHOBEHNAX C OTAEJIbHBIMN
ATOMAMMN

JL1st IpOCTOTHI PACCMOTPUM CHAYAJIA CTOJTKHOBEHHE
PENSITHBUCTCKOTO TSAKEJIOTO HOHA ¢ aTOMOM BOJOPOJIA.
Cormacno [11], Bech nrTepBan 0 < b < 00 BO3MOYKHBIX
3HaYeHUil mapamMerpa yaapa b MOXKHO pa30NTh Ha TPH
obsacTu:

A)0<b<by, B)bg <b<b, C)by <b<oc, (1)

COOTBETCTBYIOIINE MAJBIM, CPEJIHAM U OONBIIAM Ma-
pamerpam ymapa. Berauncanm 3¢ pekTuBHOE TOpMOZKE-
uue [12] k B kazK10# U3 o6nacteit (1) u HOMyINM MOTHOE
3¢pPEeKTUBHOE TOPMOKEHNE, CI0KUB BKJIAIBI OT TPEX
obsacreit. [Ipu 3T0M TOUYHBIE 3HAYEHUST TPAHUIL JJIsI HAC
HECYIIEeCTBEHHBI, MOCKOILKY 3aBUCUMOCTD K B KayKIOH
obmactu oT mapamerpos by u by oKazbIBaeTcs morapud-
MHUYECKOH, YTO TPUBOIUT K CITUBKE BKJIAI0B CMEIKHBIX
obyracTeit W WCKJIOYaeT 3aBUCUMOCTH OT TMapaMeTPOB
cummBKA b; U by B OKoHYareabHOM orBeTe. Heobxoiu-
MO UMETh B BU/LY, YTO COKpAIIEHHUE JTOrapupMUIeCKIX
CJIAraeMbIX SBJISIETCS HEOOXOAMMBIM, HO OTHIOAL HE 110-
CTATOYHBIM YCJIOBHEM KOPPEKTHOCTH CINMUBKHU. B Kax-
J0# u3 Tpex obacTeit Mbl OyaeM TPUMEHATE crerudu-
JecKkoe 71T BLIOpAHHOW 001acTi MpUOINKEHNe W pas3-
HBIM 00j1aCTsIM OyIyT COOTBETCTBOBATL DPA3HBIE MPU-
onmxenns. Torma ycmoBmeM MOCTATOYHOCTH KOPPEKT-
HOCTH CIIWBKE Oy/IeT yCIOBHE PABHONPABHOM MPUMEHMU-
MOCTH HCTIOIB3yEMBIX B CMEYKHBIX 00/1ACTSAX MPUOJINIKE-
HUI B HEKOTOPOU OKPECTHOCTH, COJepzKalleil BHYTPHU
cebs mapamMeTp CITHBKH.

A) Obnacts masbrx napamerpos yaapa: 0 < b < bg.
[Ipu cTONKHOBEHUSX C MAJBIMU MapaMeTpamu ygapa
WU OOTBITUMHY TePeJAHHBIMUA UMITY.TbCAMU MOXKHO CUH-
Tarh [13] aTOMHbBIE 37E€KTPOHBI CBOOOAHBIMU M MOKOSI-
IIAMUCS 10 PACCESHWS, & WOH OMUCHIBATH KaK TOJIBII
HEIKPAHUPOBAHHBIH 3apsa Z. DTO TMO3BOJSIET BOCIONb-
30BaThCs PE3yIbTaToOM [3], MpuUeM, COTIacHO YHCIIeH-
HbIM pacueram 10 7 < 10 u 3apsmos mona < 92, 3¢-
dekTHBHOE TOPMOKEHUE MOXKHO MPEJICTABUTH B 9aCTO
UCTIOTB3YEMOM BUJIE

Ar 72
02

1
X <1n(b07vn) - 552 + ALBjoch + ALMott> , (2)

h}(b < b(]) = X

rie
1

v

ALpioeh w ALpjorr — monpasgu Bmoxa [14] u Mor-

g=2 y=1781,
C

v

ta [15], addexruBHO oTIHYAOIMEcs OT Hy g [3] auib
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Py MaJbIX mapaMerpax yaapa. Yder monpasku MorTa
JIUIITB B 0OJIACTH MAaJIbIX MapaMeTpoB yjaapa HyZKIaeT-
cs1 B JIOTIOJTHUTEILHBIX KOMMeHTapusix. [Tompaska Mot-
Ta BO3HUKAET M3-3a PA3HUIBI MEKTy pe3epdOpIOBCKUM
CedeHneM M TOUHBIM cederneM [16] KBaHTOBOTO pessiTh-
BUCTCKOTO PACCEesTHUST B KYJOHOBCKOM mojie. B Harem
cIIy4ae aTOMHBIA 3JEKTPOH 0 CTOJTKHOBEHHUS BCErIa
HEPeNSITUBUCTCKU, TPUOOPECTH ¥Ke DPeTSTUBUCTCKHE
CKOPOCTH MMPU CTOJIKHOBEHUU C MOHOM TaKOM 3JIEKTPOH
MOZKeT JIMIIb B 00/1aCTH MAJIBIX apaMeTpoB yaapa (no-
JPOOHBIE OIEHKHU JJIsi 9TOTO U JAPYIUX PA3JEIOB CM. B
pasm. 3).

B) Tlpomexytounas obmactsb: by < b < by. Orpa-
HUYUMCST PACCMOTPEHUEM CTOJKHOBEHHH € JIEPKUMU
(nepensTUBUCTCKUMHU) aToMamu. B 3ToMm ciaydae, Kak u
B [4-6], MOzKHO TIpeHeGpeUnh MpoteccaMn BO30Y K IeHUs
9JIEKTPOHHBIX O0O0JI0YEK HOHA U PACCMATPUBATEL HATe-
TAIOIIUI CTPYKTYPHBIA MOH KaK MPOTAKEHHBINA 3apdAll.
Cnenys [4-6,17], 6ygem cuurarTh, 9TO AP0 HAJETAIO-
Iero MOoHa MMeeT 3apsia Z, a ero N; 3MeKTPOHOB pac-
npesesieHbl BOKPYT si/ipa ¢ TIOTHOCTHIO

r

ke ()

) ==y P =y

e A — mapaMmerp dKpaHupoBanusa. KyToHOBCKOe B3an-
MoJIeficTBHE HOHA, PACTIONOKEHHOTO B Touke R, ¢ aTom-

HBIM 3JIEKTPOHOM, PACTIOJIOKEHHBIM B TOYKE T, UMEET
BH/T

Z(1-v) Zv 1
e (3R @

TIe MBI BBEJIM OTHOCUTEIHLHOE YUCJIO JIEKTPOHOB MOHA
v = N;/Z. OGBIYHO KOODIMHATHI MOHA W SIEKTPOHA

UR;r) =

3aNKMCHIBAIOT, BBOJSA MPUIIEIbHBIN mapamerp b u s —
TTPOEKITNI0 KOOP/IMHAT I' aTOMHOTO 3JeKTPOHA Ha TIJIOC-
KOCTH TTapaMeTpa yjapa:

R = (X,b),

r = (z,8).

Ceuenvie mepexoa HEPENSITUBHCTCKOTO aTOMa BOJIODPO-
na n3 cocrosirus |0) B cocrosiHMe |n) B pe3yabTare
CTONMKHOBEHUA C PEIATUBUCTCKHM HOHOM B HpI/I6ﬂI/I}I(e-
HWUM SHKOHAJA WMeeT BUI (CM., Hampumep, [11])

o = /de\<n|1 -
—exp{—%/deR;r)} 0P (@)

O1a Qopmysia crupaBeainBa, ecid B odiactu by < b <
< by mapamMeTpoB yJapa aTOMHBIN 3JIEKTPOH TOTydaer
B PE3yJabTaTe CTOJKHOBEHUS] UMITYJIHC MHOTO MEHBITIHH
¢ W MOXKET CUATATLCS JI0 U TOCTE CTONKHOBEHMS HEpPe-
JNATABUCTCKAM. VIMEHHO 3TO MO3BOMSIET MCHOTB30BATH
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(cm. takzke [18, 19]) mns cedennit dbopmyny (4) ¢ mo-
TEHIIUAJIOM B BUJE CTATHYECKOrO KYJIOHOBCKOTO (U He
YUIUTHIBATH B 3TOH obiacTu u B obmactu C' MoOmpaBKy
Morra).

Cranmaprusiii ipuem [20, 21] npn BbIUnCIeHNN -
KOHANBHON (hasbl 1/ KyJOHOBCKOrO MOTEHIHAJA CO-
CTOUT B CJIEJLYIOIIEM:

U(R;r) = U((X,b): (z,s))
UI((X7 b)v (l"/ S)) = U((X/ b)v (l‘, S))_U((va)a (x,O))

n maTerpan ot U' mo dX 3anmceiBaioT, OMycKas MTPHUX.
B pesynbrare maTErpMpOBaHUs NMeeM

b —s|

b

v [ (m-ad) -1 (2], @

rne Z* = Z(1-v), Ko(z) n K (z) — dbysxkunn Mako-
Hanbaa. Cnenuduka CTONTKHOBEHUE HOHOB OOJIBIINX 3a-
PSZIOB C aTOMAMU COCTOUT B TOM, YTO CEUYEHUS HEYIPY-
TUX MPOIECCOB, KAK MPABUIIO, TOBOJLHO BEJIUKHU U CYIIIE-

. +o0 Z*
L / rax =21 % 1 |
v v

— o0

CTBEHHO MPEBBIMIAIOT ATOMHBIE pa3Mepbl. ViMest B BULy
5T0 06CTOATENLCTBO, OyieM cauTarh, 910 §/b < 1, To-
raa (5) MOYXKHO Mepernucarh Kak

. +m
%/UdX:iq-s., (6)

— 00

TIIe BeKTOP

- b (B]5 o

O4YeBUOHO, WMEET CMBICJ UMNYJbCa, TepegaBaeMOoro

ATOMHOMY 9JIEKTPOHY NPH €r0 CTOJIKHOBEHHH C HOHOM
npu 3HaveHnn mapamerpa yzapa b. ITpm stom npe-
JIeJIbHbBIe 3HAUEHUST ¢ MMEIOT TIPO3pavHblii pusnaecknii
CMBICIT:

27(1 - v)b
—E
9TO COOTBETCTBYET DPACCESHMIO HA SKPAHMPOBAHHOM
uone 3apsga Z (1 —v);

q— mpu b — oo,

—)W opu b—)O,

YTO COOTBETCTBYET PACCESHWIO HA TOJIOM WOHE 3apsiia
Z. Takum obpasom, cedenue (4) Heynmpyroro mporecca
JUTsl OPTOTOHATIBHBIX [n) u |0) mpumer Buj

o = / @2b)(n| exp (~iqr) [0)]? = / 020 fon?.

rae 00O0OIeHHbIH HeynpyTuil dpopMdarTop
fon = (n|exp (—iqr) |0).

Dddexrusnoe Topmoxkenue [12] pasuo

k= Y len = on = e — o) [ dbfnl’s (9

n n

rue €, sHeprum cocroguuit |n) wu |0),
f =exp(—iqr). Cnenys [12], HETPYAHO MOMYUUTh, UTO
adpderTnBHOE TOpMOKeHHe B obmactn by < b < by

n € —

PeICTaBIASIETCS B BU/JIE

b1
1
k(bo < b<by)= 3 /q227rbdb. (9)
bo

Bxongamiuit cioga mHTErpas JIEerko BHIUUCTSIETCS aHaIN-
TUYECKU, U TPU BBITIOTHEHUN yCITOBUM

bo b1
—<1, =>1 10
3 3 (10)
BKJ1a1 B 3P (DEKTUBHOE TOPMOIKEHIE OT 00JIACTH TTIPOME-
JKYTOYHBIX 3HAYEHMI mapaMeTpa yaapa jorapudyude-
CKH 3aBHCUT OT napamerpos cuusku (by u by) u pasen

4nZ?(1 —v)?
Kby < b < by) = %mbl +
anz2 [ 1 22\
In|—(— (11
) (U) (1
C) O6Gnacth OONBIIAX  TTAPAMETPOB  yIapa:

by < b < o0. 3pecs B3aMMOIECTBHE MOHA C aTo-
MOM MOXKeT OBITH YYTEHO IO TEOPHH BO3MYIICHHIA,
nprdeM a8 GONBIIMX HapaMeTPOB yJapa Ha aToM
JIeiCTBYeT ToJIe SKPAHUPOBAHHOTO WOHA, T. €. BUIAMBIi
sapsz uona pasen Z* = Z(1 — v). CoorBercrByioriee
s¢ddexTrBHOE TOPpMOZKEeHUE paBHO [11]

B (Z*)2 20 ﬂ?
k(b > b)) =4r 2 {ln T JT= 3 - 7} . (12)

3naech, craenys [13], MBI BBeJIN <«CPEIHION» ATOMHYIO

suepruio I.

TTonnoe TopMozKeHME MOy daeM, CyMMUPYST BKIaTbI
OT Tpex obJyacTeii:

k=£k(b<bg)+ r(bg <b<by)+k(b>b).

262
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B pesynbrare nmeem

arZ%(1 —v)? 2v 32 n
K= - =
v? nI\/1-p2 2
N 4 7* 1 un 2 Ll 22\ V27 N
n -2 i
v? Vi-p2 2 n

+ ALBioch + ALnjost (13)

O6o6menne 31oit (GOpMyNBl HA CIyYaum CTOJIKHOBE-
HUIl PENATUBUCTCKUX CTPYKTYPHBIX TAZKETBIX MOHOB
CO CJIOZKHBIMM ATOMAMU IIPOBOJUTCA CTaHAAPTHBIM [12]
crmocoboM: TpaBasi 9acTh (OPMYJIBI YMHOYKAETCsS Ha
YHCI0 ATOMHBIX 7MEKTPOHOB N, a COOTBETCTBYIOIA
aromHag xapakrepucruka I B (12) Bbruucnsercs ajis
CI0’KHOTO aTtoma. Kpome Toro, Kak He TPYIHO BUIETH,
B PAMKAX MPEIIOKEHHOrO MOAXOAA MOYKHO HEOCDe-
CTBEHHO YYHTBIBATH TO OOCTOATENBCTBO, UTO HUHCIIO
ssekTpoHoB woHa N; (a cienorarenbho, n v = N;/7Z)
NpU yueTe MPOIECCOB 3aXBATOB M TMOTEPh OKA3BIBAET-
4 3aBUCAIMM OT MAPAMETPOB MHIIEHH, 3aPs/1a HOHA 1
OTHOCHTEJIBHON CKOPOCTH CTONKHOBEHHSI.

3. TPAHNIBI ITIPUMEHVMOCTU ITIOJAXOJA

Buavenusi rpanui obaacredi (1) u ycjaoeus mpume-
HEHUS PA3BUTOTO MOAXOAA HYZKIAIOTCSA B JIOMOTHATE b
HBIX KOMMEHTApHAX. Pazbnenne Beex BO3MOKHBIX 3HA-
YeHNit mapamMerpa yzapa Ha TPU 0DJIACTH COOTBETCTBY-
er Tpem pasnuaHbM npubamkeruaM. OB1acTh MATBIX
napamMeTpos yaapa A —31o 061acTh IPUMEHUMOCTH Me-
rona Jlnnaxapna u Copencona [3] co caeyrommmn oro-
BOPKaMH. ATOMHBIE 5JEKTPOHBI MOTYT CIMTATHCS CBO-
GOAHBIMU, €CIN BPEMs CTOJTKHOBEHMUS

by/1— 32

T~ —

v

<1

— XapakTepHOr0 aTOMHOTO BpeMeHu, oTKyaa b < v7y.
[Ipu BBIONIHEHWH 3TOrO HEPABEHCTBA ATOMHBIE JJIEK-
TPOHBI PACCENBAIOTCS KaK CBOOOTHBIE HA HEIKPAHWPO-
BAHHOM siipe WOHA, ecan b < A, XapaKTepHOrO pas-
Mepa 3JIEKTPOHHOM «11yObi» nona. OCHOBHOM BKJIaJ B
nonpasky Bioxa BHocsr [3] yriosbie MomenTs! | (cBs-
3aHHBIE C MPUIEIBHBIM MapaMeTpoM b OOBIYHBIM COOT-
nomennem | = vyb), takue uro 0 < 12 < (Z/20)?,
uiamM napamerpbl yiaapa, takue uro 0 < b < Z/2v.
[TompaBka MoTTa cyriecTBeHHA, €CIM ATOMHBINA JJIEK-
TPOH B DPe3yjbTaTe CTOJIKHOBEHUS C PEISTUBUCTCKUM
MOHOM MPUOOPETAeT CKOPOCTh B KYJOHOBCKOM TIOJIE
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Av ~ 2Z/(vb) ~ ¢ 1 CTAHOBUTCS PEJNSATUBUCTCKUM, WU
NPU CTOJIKHOBEHWSIX € MTapaMeTpaMn yaapa

0<b< 2
ve

OrmeTum, 9TO B HAIIEM CIIydae

27 Z
Takum o6pa3zom, cTPOTO TOBOPsA, HEOOXOIUMO yKAa3aTh,
49T10 obmacTh A pacnonozkena B rpannmax 0 < b < by
rae by > Z/2vy. O6aacth cpemHUX mapaMeTpoB yaapa
B ecTb 001aCTh MPUMEHUMOCTH TPUOJINZKEHUs SHKOHA-
na B Buze (4) u pacnonoxkena [11, 18, 19] B rpanunax
by < b < by, rae

. 27
Aty
ve

V1=
ObmacTe bombux mapaMmerpos yaapa C' — 310 06/1acTh
TPUMEHUMOCTU TEOPUn BO3MymeHHﬁ, YTO COOTBETCTBY-

b <

er MasiocTH SikoHanbHOR (a3bl (6), KoTopas npu 6051b-
mux b oneHnBaeTcsa Kax

*

vb

e d ~ 1 — xapakTepHbIii pa3mep aroma. [losromy 06-
nacte C' pacmonoxkena B rpammunax b < b < oo, rae
by > 27* |v.

Taxkum obpaszom, 3uadenus (1) by u by nekar B WH-

qs ~ d <1,

TepBaiaX MePeKPBITAs CMEYKHBIX 00JIAcCTell U y/IoBJIe-
TBOPAIOT CJIeIYIONINM HepaBeHCTBAM:

by < bg < by, by <by <b
nm
27 Z *
— <KL L —, —<KLh Koy, (14)
ve 2uy v

Kpome TOTO, I MpOBEIEHNsS KOPPEKTHON CITMBKM,
Ip¥ KOTOPOii 3HAYEHMST TPAHUIL 00IACTEll BBIMAIAIOT U3
kouevHoil dhopmyibl (13), Mbl TPeGOBAIM BBINOIHEHUS
HepasercTs (10), KOTOpbIE Tenepb MOYKHO MEPENUCaTh
B Dosee ya00HOM BUIE

1

Herpynuo Buzers, uro Hepasencrsa (14) m (15) (wa-

psany ¢ yemousimu by < by m by < A) COBMECTHBI
U BBINOTHUMBI BO MHOTMX HPAKTHYECKU BAsKHBIX CITy-

1
— AL w, = (15)
Y

Jasx, KOrJa HCCAEAYIOTCS CTONKHOBEHUS PEeISTUBUCT-
CKUX TSAYKeJIbIX MOHOB C JIETKUME (HEPEIATHBUCTCKU-
MH) ATOMAMH, B TOM YHUCJIE U B PACCMATPUBAEMbBIX Ha-
mu, korga Z < 92 m v < 10. Heobxomumo ormeTuth
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3aBMCMMOCTb OTHOCKMTENbHBIX nonpasok X1 (a), x2 (6) oT aveprum nagatowero noHa gns 3apsaga agpa nova Z = 92 ¢

pa3nnyHbIM YUCAOM 3KpaHupytowmx anektporos N; = 5, 10, 20, 30

Takzke, 4T0 yciaoBue (15) BBINOIHSETCS B JIOCTATOYHO
MIMPOKOM JMANIA30HE N3MEHEHNs BEJTNIUHBI TAPAMeTPa
9KPAHUPOBAHASA A, HO TIPX 3TOM HE TIO3BOIAET TPOBECTH
HeMOCPEeICTBeHHBIN TpeIeabHbIi nepexon A — 0 nnbo
A — o0 B dopmyue (13).

4. PE3YJIBTATHI 1 OIIEHKN

s onmcaHms MOMPABKM 3 CUET MPOTAKEHHOCTH
3apsia WOHa W BBISICHEHUS POJIN PA3JINYHBIX 00JIacTedt
rapamMeTpoB y/Japa BBe/IeM OTHOCHUTEJIbHbIE MONPABKH
X1 7 x2. [lompagska

R — ’ipoint(Z*)

= Rpoint(Z*) ’
e
4 (Z*)?
'@point(Z ) = % X
X IHL—ﬂQ+AL + AL (16)
I(l — 52) Bloch Mott

— adderTnBHOE TOpMOKeHHe [22] ToueuHOTO Ampa 3a-
psama Z*, a mompaBka

R — Rpoint (Z)

X2 =
'@point(Z)
aHaJIOTMYHA TIOMpaBKe Y1 C TOH pas3Hunei, duto
Kpoint(Z) — 3dderTuBHOE TOPMOXKEHHE TOYEIHOrO

ronoro siapa 3apsma /. IloBemenme OTHOCHTETBLHBIX
TIOTIPABOK X1 M X2 MPEJICTABICHO Ha pucyHKe. [Ipm pac-
Yerax mapamerp SKPaHWpOBaHWs A MbI, cieays [4, 17]
(cm. Takzke [5, 6]), Boraucasiiu no dpopmyiie

a R (1

14
—g- L 0 =032 () ~048
N—vizim Y 50 3) ’

2/3

A

rae a — GOpoBcKuil pajuyc (XOTsi, B OPUHIIUIE, (4 MO-
JKeT PACCMaTPUBATHLCS KAK MapaMerp, OMUCHIBAIONIUL
3¢ deKkTUBHBIN pa3Mep MOHA TIPU HAJUYIUN BO30YZKI€H-
HBIX 9JIEKTPOHHBIX 000/I0YEK UOHA).

B wacto BeTpeuatommxcsa caydaax Z > 1u 2% > 1,
COOTBETCTBYIOMUX ¥ & 1, MBI MOXKEM COXPAHUTDH TOJb-
KO JuHeiHbIe 0 ¥ < 1 4/eHbl, Toraa

4 *\2
_4n(Z7)”
2

2'1}2 P
X <1n m — B+ ALBjoen + ALMott) +

87T(Z*)2V In 20\
v? /1 — B2

Z*
(ALBioch + ALMott)> . (17)

K

+ ALBioch + AL pott—

2 dz*

B npasoii wacru opmyisr (17) (kak u B (16) ) 3Ha-
uennst ALRjoen 1 ALpjott 1 UX TPOU3BOJHBIX BBIUNC-
NATOTCSA 7 ToYedHoro 3apana Z*. [lepsoe craraemoe
B 31Ol popmyne mpencTaBiasgeT 3PPEKTUBHOE TOPMO-
JKeHWe TOYeYHOrOo MOoHa 3apsana Z*, Toraa Kak BTOpPOe
craraeMoe siBJISIeTCs TIOMPaBKOi 33 CYeT KOHEYHOTO pas3-
Mepa mona. MoryT ObITh CeTaHbl CIeIYIONINe BBIBO-
Jbl. YUeT MPOTSIKeHHOCTH 3apsiga WOHA TPUBOAUT K
3aMeTHOMY BO3pacTtanuio 3(hMEKTUBHOIO TOPMOKEHUS
K MOHA, TI0 CPABHEHHIO C TOPMOXKEHHEM Kpojint TOIETHO-
TO simpa TOro ke 3apana Z*. IIpu 3ToM mopsiiok pocTa
TOTEPDH YHEPTUN MOZKET OBITH OIEHEH KaK

("'3 - ’ipoint)/’ipoint > v,

rne v = N;/Z — OTHOCHTENIHHOE UNCIIO 3IE€KTPOHOB
Ha obosoukax mona. Tak, manpumep, noH ypana c¢ 10
9JIEKTPOHAMHU B CBSI3AHHBIX COCTOSIHUSAX WCIBITHIBAET
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NoHun3aumnoHHble notepn ...

TopMozkenne mpuMepro Ha 10 % Gombmee, wem nBu-
JKyIleecss ¢ TOW JKe SHeprueil Tojgoe TOYedHOe SIPOo
3apana 82 u TOM Ke MacCChI.

Asrop OGaaromapur MunuCTEPCTBO 06pa30BAHUS
Poccwniickoit @enepanuu (rpant E00-3.1-390) u POOU
(rpanr 01-02-17047) 3a dpunanCcOBYIO MOAAEPKKY PabO-
THI.
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