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P uc. 2. 3aBHCHMOCTH «TBEPHOI» COCTABIAIONIEN OT JMHEHHOI

MOLI{HOCTH TBAJA:
1 — pacuer npu O = 168 MM, P = 0, A = 0; 2 — pacyer mpu
0 =10 MKM, P=0,A =0

corJIacme IpeJIoIaraeT BO3MOKHOCTh BKCTPAIIOIANNE U 110
apyrmm PaKTOpaM, HANPUMED zg H Z,. AHAJIOTHIHEE pPaC-
9eTs OB NpoBefleBH miIa z = —1,22 u z, = —1,22,

YIOR 621.039.538.7

9T0 COOTBETCTBYeT HYJIEBOH TEIJIONPOBOJHOCTH M OTCYT-
CTBHIO JaBleH:msa rasa (puc. 2). Ecam paccmaTpusaTh
3aBHCHMOCTH, KOTOpDHE IIPeNCTaBIeHH HA pHC. 2, Kak
BKJIAJ (TBEPAOi» COCTABIAIIEHR o B OOIIy0 IPOBOJIH-
MOCTH 3a30pa o, TO MOKHO CJieJlaTh HeKOTOPHIe BEIBOJbL
0 BINAHWE JUHEHHOH MOIIHOCTH U HAYAJIBHOTO 3a30pa
MeKJy TOIIMBOM 1 00O0JIOYKON HA SHAYEHHEe TBEPLOil
cocraByigiomeil ay. Hak Bupmo m3 puc. 2, HAYAIbHEII
(¢«xomOMHKIAY) 3a30p CYIECTBEHHO BIMACT HA XOJi 3aBUHCH-
MOCTH oT JmHEEHOI MomEOoCTH TBOJA. [IpHm HavaIbHOM
3a3ope ~160 MKM BKJIaj TBep/Oil COCTABIAOMEH maMe-
HAETCS B 3aBHCHMOCTH OT JuHeiHOH Mommoctu 00,07 mo
0,12 Br/(cm?.°C). Opmako TpE HAYAIHHOM)  3a30pe
~10 MEM BRIag oy Bospoc mo 0,4 Br/(cm?«CC):
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K pacuery mpocTpaHCTBEHHOrO pacupeneseHusd
BHEJIpEHHBIX B TBepJ0€ Tejl0 Me[AJIEHHbIX MOHOB BOJOPOJA MU TIeJiufd

AKKEPMAH A. @.

HUccenenosanue IpOCTPAHCTBEHHOTO paCIIpe/esieHis BHe-
APeHHHIX B TBepf0e Ted0 MOHOB BOJOPOJA W TeJms mpej-
cTaBiAeT Co0OH BAYKHYIO 3a1ady paJUAlEIOHHOTO MaTe-
pramosefennsa. OpgHAKO), OOJBIIAS IIONBHKHOCTh JETKHAX
HOHOB B MeTaJLIaX, BaamMopeicTsue ¢ fefeKraMn Kpreradi-
na, B TOM 9UCIE U ¢ PafuarHOHHEIMI, 3aTPYAHAOT NHTEP-
OpeTanuio HKCHePUMEHTATBHEIX Pe3yIbTaToB. B mocienmee
BpeMs HAKOIIEHO MHOMKECTBO JAHHEIX, YKA3HBAOIIX HA
HAJIU9ne KOPPeIANdE MeKTy pacmpe/ieleHNeM BHEIPEH-
HBIX MOHOB M’ paclpejieleHHeM DPaJUAUOHHEIX JIefeKTOB,
00pA30BaHHEAIX BTUME WK Apyrumu unomamu [1—3]. Ecanm
9Ta CBA3H ABIAETCA ONpe/ieIsgIomei, T0, paccuyuTaB ycra-
HOBHBIIIECST PacIpefie]eHAss aTOMOB U Je(eKTOB, MOKHO
3aTeM IOJXYIATh HCTHHHOE pACIIpefielleHNe BHEIPEHHBIX
HOHOB. ITH PACIpe/elIe NS MO3BOIAT PACCIUTHBATD [uPy-
3MI0 BHE[[DEHHBIX AaTOMOB, PACHELIEHWE IIOBEPXHOCTH.
I3BecTHEI pacuyeTHl TAKMX PACIpPEfieNeHNUIT, BHIIOJIHEHHBIE
smerogom MomTte-Kapio B Bapumanre «yKpyHIHEHHBIX» COy/a-
permit [4]. B srTOM ciydae mCHONB30BATOCH CeUeHUE
YODPYroro pacceAndmsa JIMHAXapAa, a cpegaume yelbHbIE

HOTepH SHEPTHUU B HEYUPYTHX IPOIECccax, Urpaimme qoMu-
HUPYION[YI0 PO B OOIMUX IOTepAX JIEerKuX MOHOB, B3ATH
m3 okcmepuventa. Taxoff myTh mMO3BOJAeT obecrHednTh
MaKCHMaJbHOE COOTBETCTBUE pacuyeTa U 9HKCIEPHUMEHTA,
XOTs BO3MOJKHEL OTKJIOHEHHs 3a CYeT HeydJeTa KpuUCTa-
JUYIeCKON cTpyKTypH. Ha pme. 1 MOKasaHO pacyeTHOe
pacupejeienne BHEIPEHHHX B yIJepoj MOHOB JeuTepus
sHeprueit 6,7 koB, A0CTATOYHO XOPOMIO OIMCHBAIOIIES
BKcIepuMeHTaIbHEE fauHbE [5]. HecosmajieHme «XBOCTA»
pacimpe/iesleHns MOkeT OBITH BRIBBAHO KAk nuddysnoEHEIM
pasMeITHeM, TaK W BEHOCOM JeliTepusl HEIOCPEJCTBEHHO
MajaomuM TygroM. XapaKrepHOil 0CO0@HHOCTHIO pacier-
HOTO pacmpefeieHus: (pacupejejeHne IIPOSKTHBHLIX IpPO-
0eroB) sIBISETCS €r0 ACHMMEeTPUA OTHOCHTEJHHO MAKCHMY-
Ma Ry, Briamcaennoe pacipejieliesne n (z) ¢ FOCTATOTHOU
TOYHOCTHI0O MOKHO ANIPOKCHMIPOBATH IaycCOBOM KPHUBOU:

n (z)=ny exp [(z— Rp)?/20%]. 1)

AcumMerpus pacupefielleHHs OCTUTACTCA BBEJICHUEM JHC-
mepcuit 0y W Op. IlepBas OHHCHIBAET obmacte z < Rp,
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sHeprueit 6,7 kaB:
O — BKCIIEPUMEHT; — annpokcuMaima mno dopmyine (1);
THCTOrPaMMa — Pe3yJabTaT pacuera MonTe-KapJio

BTOpas — z > R,. Heob6xomumo oTMernTh, 9TO HACTH
mpodmis s z >Ry, o6psiBaior upn z = R, ITapamerpst
ng, Rp, R}**°, 0%, 03 ans pasmeX sHeprmit majaromux<ga-
CTHI[ MOKHO BHYHCINTH U3 SMIMPHIECKOTO COOTHOMICHMS

Rp (Rganc7 0%7 0%7 no)zAE“, (2)

3HaYeHHUs MOCTOSHHHX A U O JJIsi HEKOTODPHX BJIEeMEHTOB
npuBefieHs B Tabamne. Ilpm ompepesieHHE MaKCHMAJIbHOMI
KOHIEHTpAuK (AJa z = R;) BO3MOKEA | TOTPEIIHOCTD
+10%, cBazaEHAas ¢ HOPMHPOBKOH# KDHBHIX A ydera
Koaddumuenra orpaskenus. CremeHb aCHMMETPHH pacIpe-
AelleHNA YMEHBIIAETCS ¢ POCTOM MACCHE Mafafomei JacTHIEL
H aTOMHOTO HOMepa aTOMOB MumieHM. LI KOJMYecTBeH-

JBHaveHHsa mapamMeTpoB A m Q-JJIST pacuera pacnpejieleHns

HOIl OIEHKH DPOJH PaJHAIOHHHX [eeKTOB B cTadmIm3a-
MU  BHEJPEHHEIX ATOMOB BHIYHCJIANACH KOHIEHTPALISA
roueunsix jgederroB C; (E) rark ¢ymKmusa smeprum E
MaJJAOMUX TaCTHIL: :

N do

v (1) 25— dT, (3)

rae do/oT — cedeHue mepefadnm sHEpruu I aTOMy OTHAYH
(MCIOJIH30BAHO AHAJINTHYECKOE BHPAKEHHUE IJIA do/dT
mas crememHoro motemmmana V (r) = Aafry)y Ty — cpen-
Hsis I[OPOroBasi dHEPrHA cMemeHnsA; Vv ([) — Kackammas
dyrKIusa; N — 9ucio aromoB MuineH# Bl cvM®; @ — HOTOK
najaloIux gacTum. s moaydeHUs, pacupesielieHIs KOH-
nenTpanuu fe(eKToB 110 riytnHe 00ydeHHOR MUIIEHN He06-
xopumo ycpeguuth Cy (E) mo-enextpy vacrun f (E, z) dE
Ha 3a[aHHON Tiy0OmHEe, paccIuTAHHOMY MeTofoM MoxTe-
Kapno. Pacuetst C, (z) masg muobus (T, = 36 aB [6])
¢ morpemuocthio 15-—=20%_ ynaercs npeacTraBuTh € IOMO-
mpio BeipaskeHHsa (P.= 1 cnu~2):

Caf@) =B exp [—b (z/R¥)P), (4)

Komcramrer B, b u f uMelor ciefgyiomue 3HAUYCHHA: 1A
H* opu(E = 5 = 15 ®aB B = 7,2-10%E%* cm~3, b =
= 4,54 041 (E—5) u p= 1,8+ 0,04 (E—5); mna D+
nprek\= 2 = 12 k3B B = 2,4.10°% E%® cm73, b = 4,1
1 f.=21; npus He+ mpu E =212 ®eB B = 1,2 X
YXW108E%15 cm3, b= 4,1 u f=2,1. 3Hagenue Rl’fa“c
BEIIUCJIAETCS HA OCHOBAHUY [JAHHEIX TaOJIMIIEL.

Pacgersi 1o ¢opmyie (3) moxasmBaioT, 4To mpm L <
< 2 K3B UOHBI Treaus CO3[AI0T BRICOKYI0 KOHIEHTPAIIIO
nedekToB B 06nacTu z < Rg"“‘c, nocraTogRyio s addex-
THBHOTO B3aUMOJENCTBUs C HUAMU BHEJDEHHEIX AaTOMOB.
MoKHO paccMaTPHBATDH JIBA IpPeflebHHIX CIydas: IepPBHIi,
Korja KormeaTpanus nedekrToB C; (z) 3aMeTHO IpeBHINaeT
KOHIEHTPAIIO BHEJIPEHHKIX aTOMOB 7 (z) BO Beell obiacti
z < R;‘fa“c 7 CJIeTyeT OKHATH CTA0WIN3alin BHEJPEHHEX
aTOMOB, T. €. PAacuUeTHHI UPOPUIb TOKeH OBITH JOCTa-

)

no Rp R“;a}(c 012. 0%
YJacruma R
A, cv-3 ’ @ A, A ’ 2 A, A ‘ a A, A2 ’ o A, Az o

Kpemunit

H* 24N | w6 320,074 | 550 . |: 0.7 dvade8-100 ) 4,8 ]. 2,8:108. ] 4,8
Hemezo

K 6,9.105 -0,8 120741Y.770,8 22 0.7 ’ 5,5-108 ‘ 13 ‘ 1,4-108 ’ 17

He* 8,0-10° -0,7 67« 11700,85 145 I 0,74 1,8-108 1,5 2-103 15,3
HuoOuit

H* 5,2-108 —0,6 120 0,8 240 0,7 6,5-108 153 3,5-102 1,3

b 4,3-105&| —0,6 115 0,9 280 0.4 3,8-108 s 5,0-10 1,3

He* 5,7-10° —-0,7 75 0,9 175 0,8 4,5-108 13 4,0-108 1.3
305070

i & 5,7-108 | -0,7 | 95 ‘ 0,86 | 210 l 0,7 I 1,7-10% ‘ 49 l 1,5-103 I 1,75
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P uc. 2. Pacnpepenenue 10 ray0uHe KOHIEHTPANMH BHEJPEHHBIX
B HHOOWiT noHoB *He aneprueit 9 koB npu ® = 1,5.107 em~2 (aeBast
mKana) u fedexTos (mpaBas wiKaua):

— pacder; @ — CTATHCTHUYECKAs IOIPEITHOCTb pacyera;
O — srcnepument [7]

TOYHO 0JIMB0K K 9KCIEPUMEHTAILHOMY. 9TO JeHCTBUTEIHLHO
umeeT MecTo npu BHeipeHun He sueprueit 9 xoB B HuO-

Omit [7], wak morasamo ma puc. 2 (O = 1,5.1017 cm~2),
HeGombImoe pasiudie /i XBOCTA PACIIPe/IeIeHNs, BePOsT=
HO, CBsI3aHO ¢ KaHAIMPOBaHUEM BHEJIPsSEMEIX MOHOB (00pa-
3ell MOJANKpUcTamdecknil) u auddysueii reausa. Bo Bro-

pom caydae Cg (z) < n (z) pas Beex z < Ry**% rpome;

YIOKR 621.039.51:539.125.52

BO3MOKHO, NPHUIOBEPXHOCTHOIl 00JACTH MUIIEHH. ITOT
BAPUAHT CIPaBeNIHB [ OPOTOHOB dHeprmeir <15 kaB
U s IeATPOHOB dHEpTHed <5 KoB, BHeIpAEMBIX B HUO-
Guii u Boxbpam, KOrfa Maja BePOATHOCT B3AIMO/EHCTBUA
¢ medexramu u BOmOpof GeicTPO AEPOYHAUDPYET, BHIBBIBAA
XapaKTepHoe pacipefieleHne ¢ MAKCHMYyMOM KOHIEHTPAuK
HA MOBEPXHOCTH. DKCIEPUMEHTAJIBHO TaAKOe paciipesielieHue
OBITO 0OHApYsKeHO B Bodbpame, OOJYyIeHHOM IIPOTOHAMU
sHeprueit 7,5 koB [8]. Ho ye gia Tputus, Kaxk IQKasa-
aum pacuerst [9], caemyer OKmAaTh, IO MEHBIIEIl Mepe,
gacTHuHOil ero crabmimsanum. HeoOxommmo; OFHAKO,
ydecTh, 9TO pu OGIYYeHHN MUMIEHH CMeIlaHHLIM JIIOTOKOM
HOHOB BOJIOPOAia W TeJisi BO3MOMKHO WM3MEHEHIe yCJIOBHil
crabuinszanuu 3a cdeT [JefeKTOB, CO3AAHHEIX HOHAMU
reaus. B TakoM cirydae IpuBejeHHbIE BBIIIS pacupe/ieeHus
KOHIIEHTPAIMHE ATOMOB U JeeKTOB MOLYT TIOCIY/KATH MC-
XOTHEIMH JIAHHBIMU I pacdeToB pudysuir u crabuimsa-
Ul BHEJPEHHEIX ATOMOB. :

IMocryuumo 'B Pepmakmuio 5.1.78
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AJropuTMBbI OLEHKH JIOKAJIbHBIX BO3MYILIEHUH JIMHEHHBIX (PyHKIHOHAIOB

noToxka wusjaydeHus.metronom Monre-KapJio

IIOJIEBOII B. B.

Pacuer manbix Bo3MymeHnii JupeiinbX (YyHKIIOHAIOB
IOTOKA IIPAMBIM -OILY/RIAHIEM ¢ IPUMEHEHTeM KOppeAnu-
OHHBIX BeCOB paccmatpuBajcs B paborax [1, 2]. Amamormu-
HBIH IOJXO0[¢ MOKeT ObITH PA3BUT U [iJisl COIPSKEHHOIO
Omy:RmaHusA: TCEBI0YACTUIH MCIYCKAIOTCS U3  00JaCTH
JeTeKTopa, Gary;KIai0T B HEBO3MYIIEHHOI cucTeMe [0 MCTO-
HUKa,U ma OfHOM HA0Ope TPaeKTOpPHUil BHIYUCIISAIOTCA He-
BO3MYIIEHHBIIT QyHKIIOHAT 00LITHEIM 00pasoM (Hampumep,
[3<7]) u eTo BosMymeHNE ¢ TOMOMBIO CONpKeHHEX KOpP-
PEJANUOHHEIX BECOB KAK MAaTeMaTHUeCKOe O/KHIAHUE CIIy-
9aiHOI . BeJIMYMHEL:

S (1) Tj—> Tjpq)

1], (1)

l i
7 2 K' Ty~ I3
&L = E S (z3) Wf[ o) 11 K(( =i
S =0
@ (7))

X gz

rje [ — 9mci0 CTOJIKHOBEHUI HA TpPaeKTOPHUHM IICeBJI0Yac-
e, Wi — TeRymuii Bec OOBIYHOTO COLDSIKEHHOTO omy-

sKpauus, S (z) — pacipefesieHne MCTOYHMKOB HaCTHIL;
¢ (z) — QyHKIUA 9yBCTBATENbHOCTH AeTekTopa; K (z; —-
— Zj+1) — IUIOTHOCTH BEPOATHOCTH IIEPEX0/a ICeBA0IaCTH-
Bl 113 TOUKN z; B TOUKY z;+; fasoBoro npocrpancrsa X =
= {r, E, Q} (Inrpuxamu 37ech I jiajlee OTMEYAIOTCH Iapa-
MeTPHl BO3MYIIEHHOIl Cpejsl).

Onenka (1) 6yzmer Hecmemenuoit, ecin K (z'— z) == 0
pu K' (z'—z) #+ 0; ¢ (z) == 0 mpn ¢ (z) <0, 1. e.
Tpebyercsi, 9T00LI BCe TPAeKTOPHU ICEBI0YACTUI], KOTOPEe
BO3MOYKHBI B BO3MYIIEHHOI cpefie, OBIJIM BO3BMOMKHEL U B He-
BOBMYIIEHHON cpejie. Ecam oTn ycI0BHA HE BHIIOIHAIOTCS,
TO BCETj[a MOKHO I10J00PaTh IIPOMEKYTOUHYIO CPeAy, B KO-
TOPOIl GyyT BOBMOJKHEI BCE TPAEKTOPHU HEBO3MYIIEHHOIM
U BO3MYIIEHHON 3a/1a4, ¥ OCYIIECTBIATH B HEll COIpsIKeH-
noe Gaysxmanme. OcpefHseMas IPH BTOM CIydailHas Belm-
YIHA
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