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© 06-bc.nHHCIIIIMH mtcnnyT J.IJtCpi!hiX ucc~te;wnaHHii. )lyfllta, I ~\14 

1. BBE.REHHE 

OpH H3yqeHHH paAHaUHOHH~X 9$$6KTOB B KOHCTPYKUHOHH~X 

MaTepHaXaX, yze HaXOA~~HX TIPHMeHeHHe H HOB~x,nepcneKTHB

H~X AX~ ~AepH~X H pa3pa0aT~BaeM~X T6PMO~BepH~X peaKTOPOB 
~HpOKO HCTIOXb3YPTC~ T~KeX~e HOH~ CP9BHHX H npoMeKyToqH~X 
9H9P~HA/1/. TaKHe HOH~ OOXaBaPT P~BOM cy~eCTB6HH~X npe

HMY~eCTB no cpaBH9HHP C HCTOqHHKaMH HeATpOHOB. B TO ze 

BpeM~ cnenyeT OTM9THTb, qTo 8~COKH9 YB9XbH~e HOHH3aUHOH

H~e TIOTepH 9Hep~HH, npes~maPmHe 10 M98/MKM, MO~YT BaBaTb 

onpeneneHH~A 8Knan 8 Ae$eKTooopa3osaHHe H H3MeH~Tb xa
paKTep HaKonneHH~ panHaUHOHH~X B9$6KTOB (CM., HanpHMep, 
paOoTy/21. 003TOHY B~~CH6HH6 por.H Heynpy~HX TIOTepb 3Hep
~HH T~J:eX~X HOH08 npeBCTaBn~eT COOOA 8aKHYP H aKTyanbHYP 

HayqHo-Hccneno8aTenbCKYP npooneMy, pemeHHP KOTopoA noc
B~meHo 3HaqHT9XbH06 KOnHqecTBO paOOT/ 3- 4/. 

Uenb HaCTO~~eA paOOT~ - HCCX9BOBaHH6 803AeACTBH~ T~

zen~X HOHOB Ha H3M6H6HH~ CTPYKTYP~ TI08epXHOCTH Hepza8e

PmeA CTaXH X18H10T, oOnananmeA HH3KOA TeMnepaTyponpOBOB
HOCTbP (~. =0.053CM 2/c TIPH TeMnepaType T>900 K) . 

• 
2. METO.RHKA 3KCOEPHMEHTA (QEjYqEHHH) 

.fiX~ HCCX9A08aHHA HCnOXb308aXHCb oOpa3U~ Hepza8ePmeA 

CTaXH X18H10T B BHBe BHCK08 C BHaMeTpOM 3 MM H TOX~HHOA 
200 MKM. nepeA oonyqeHHeM oopa3U~ nocne MexaHHqecKoA H 

9X9KTpOXHTHqecKOA TIOXHp08KH O~XH OTOJ:llteH~ TIPH TeMnepaTy
pe 7oo0c a TeqeHHe qaca 8 saKyyMe 1o-3na. 

OOnyqeHHe 00pa3UOB np080BHXOCb HOHaMH 129xe C 9Hep
~HeA E = 124 M9B npH TIXOTHOCTH TIOTOKa F = (1.5-3 )X1011 

HOH/CM2·C TipH TeMnepaTypax OT 400°C BO 650°C C ma~OM 
qepe3 S0°C. BaKyyM npH OOnyqeHHH 00pa3U08 COCTa8n~n 10- 3 

Oa . .fiX~ YM9HbW9HH~ COBepzaHH~ MaCXHH~X napOB B 30H6 00-

nyqeHH~ nepeA MHWeHH~M ycTpOACT80M pacnona~anaCb a30THa~ 

X08YWKa C Y3KHM KOXXHMaTOPOM. MHW6HHOe ycTpOACTBO COCTO
~no H3 oxnaznaeMoA npoToqHoA 8onon neper.Hen AHa$pa~M~. 

3a KOTOPOA HaXOBHXaCb noAXOJ:Ka C oOnyqaeM~MH 00pa3UaMH 

(no TPH oopa3ua 8 coopKe) , HMen~a~ HaAeJ:H~n Tennoeon 
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KOHTaKT C ITOAOrpeBHNM VCTpOACTBOM. MHWeHHOe VCTPOACTBO 
qepea uaonupyvmue npoKnanKH Kpenunocb K oxnaxnaeMOMV 80-
AOA mecrurpaHHHKV. Harpe8 oopaauo8 ocvmecr8nHncH 9neKr
puqecKHM TOKOM H 3a cqer Tenna, 8HOCHMOrO nyqKOM HOH08. 
craounuaauHH reMneparypN oopaauo8 npoua8onunacb repMope-
rynHTOPOM, TOqHOCTb 
6.T = ± s0c. 

nonnepxaHHH reMneparypN ONna 

nocne oonyqeHHH oopaauN uccneno8anHcb Ha cKaHHPVDWeM 
9neKTpOHHOM MHKPOCKOne JSM-840 C peHTreH08CKOA npHCTa8-
KOA AnH MHKpoaneMeHrHoro aHanuaa. 

3. PE3YJ!bTATbl 

3neKTpOHHO - MHKPOCKOnHqecKHe HCCneA08aHHH 00pa3U08 
cranu 18H10T noKaaanH, qro 80 8CeM uayqeHHOM reMneparyp
HOM HHTep8ane OT 400 AO 650°C ITPOHCXOAHT 00pa308aHHe 
MHKpOOCTpHAHNX CTPVKTyp. Ha PHC.1.1 - 1.4 npencTa8neHN 
~ororpa~HH oonyqeHHoA no8epxHocru,cnenaHHNe npH y8enuqe
HHH X15000 (pHC.l.l) H X10000 (pHc.l.2-1.4). <MDeHC 80 
8cex cnyqagx ONn OAHHaKo8 H cocra8nHn Ft=5x1o15 HOH/CM2. 
oonyqeHHe oopaauo8 npoH380AHnocb npH reMneparypax 4oo0c 
(pHC .1.1) , 500°C (pHc .1. 2) , 600°C (PHC .1. 3) H 650°C 
(pHC.1.4). KaK BHAHO H3 pHC.1 1 MaKCHMaRbHaH 8NCOTa OCT

PHAHNX CTPVKTVP HaOnDnaeTCH npH TeMneparype OOnyqeHHH 
T = 40o0c (pHC.1.1). no Mepe aoapacraHHH TeMneparypN 
IT08epXHOCTHaH ITROTHOCTb OCTpHAHNX CTPYKTVP (N) VMeHbWa
eTCH, qro OCOOeHHO XOpOWO 3aMeTHO Ha PHC.1.4. KpoMe TO
re, 8HAHO, qro no rpaHHUaM 3epeH HaOnDnaeTCH OTCVTCT8He 
TaKHX CTPYKTyp (MeHee orqernH80e Ha PHC.1.3 H Oonee aa
MeTHOe Ha pHC .1. 4) . 

Ha puc.2 npencTa8neHN ~ororpa~HH no8epxHocrH oony
qeHHNX npH reMneparype T=sso0c oopaauo8 Hep~a8eDmeR cra
nH npH ~nDeHcax Ft = 1015 CM-2 (pHC.2.1), Ft = 2.5X1015 
CM- 2 (pHC.2.2) H Ft =2X1016 CM- 2 (PHC.2.3). Ha PHC.2.1 H 
PHC.2.2 y8enuqeHHe - X 20000, a Ha PHC.2.3 - X 5000. KaK 
8HAHO, C y8enuqeHHeM ~nDeHca npOHCXOAHT 803pacTaHHe 8N
COTN OCTPHAHNX CTPVKTyp npH OTHOCHTeRbHO He3aMeTHOM H3-

. MeHeHHH HX nosepXHOCTHOA ITROTHOCTH N. Cnenyer oOpaTHTb 

2 

PHC .1.1 PHC.1.2 

PHC .1. 3 PHC .1.4 
PHC.1. $OTorpa~HH IT08epXHOCTH CTaAH X18H10T, OOnyqeHHOA 

HOHaMH129xe C . aHeprHeA 124 M9B .no ~nDeHCa Ft = 
Sx1015 HOH/CM 2 npH TeMneparypax 400°C (pHC.1.1, 
y8enuqeHHe x 15000) H soo0c, 6oo0c, 6so0c 
(pHc.1.2-1.4, y8enHqeHHe x 10000). 
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PHC.2.1 PHC.2.2 PHC.2.3 

PHC.2. $OTOrpa~HH IT088PXHOCTH CTanH X18H10T, oOnyqeHHOA 
HOHaMH 129Xe C SHeprHeA 124 M9B ~0 ~nDeHCOB Ft = 
10

1
5 HOH/CM2 (PHC.2.1, ysenH48HHe X 20000), Ft = 

2.5x1015· HOH/CM2 (pHC.2.2, ysenH48HHe X 20000) II 

Ft = 2x1o16HOH/CM 2 (PHC ~ 2. 3, ysenH48HHe X 5000) . 
TeMneparypa oonyqeHH!! 55o0c 

PHC.3.1 PHC.3.2 
PHC.3. $0TOrpa~HH nepexo~HbiX OORaCTeA OT 30Hbl HHT8HCHB

HOro pocra OCTPHAHbiX CTPYKTyp (pHC.3.1, YB8RH4e

Hi!e X 1500 B R8BOA qaCTH H X 9000 B npaBOll 4aCTH) 

K He00RY48HHOA OORaCTH (pHC.3.2, ysenH48HHe 
X 5000) . $RD8HC Ft =. 2x1o16 HOH/CM 2 , TeMneparypa 
00RY48HH!! 550°C 

4 

BHHMaHHe Ha TO, 4TO ~OpMa OCTpHAHbiX CTPYKTYP no Mepe 

yBeRH46HHS! HX xapaKTepHOA BbiCOTbl (pa3MepOB) CTaHOBHTCS! 

npaKTH46CKH O~HHaKOBOA. 3TO 00CTO!!T8RbCTBO IT03BORS!6T 

npe~nOROXHTb, 4TO ~aHHble CTPYKTYPI>I npe~cTaBRS!DT COOOA 

3apo~b1WH KpHCTaRRH48CKOA ~a3bl. 

Eblna raKxe H3y4eHa nepexo~Hasr rpaHHUa or oony4eHHOA 

qacTH oopaauoe K HeoonyqeHHOA. $ororpa~HH npe~crasneHbl 

Ha pHc.3. Ha pHc.3.1 noKa3aHa nepexo~Ha!! oonacTb or 30Hbl 

pOCTa OCTpHAHbiX CTPYKTYP - 9Ta oOnaCTb orpaHH4HBaRaCb 

nHa~parMoA (yeenH4eHHe 8 neeoA 4aCTH ~ororpa~HH X1500, 8 

npaBOri 4aCTH - X9000) -K H600RY48HHOll OOnaCTH (CM.HHltHOP 

4aCTb PHC.3.2, Ha KOTOPOH TaKXe BH~Hbl rpaHHUbl aepeH, 

y8eRH48HHe 3necb XSOOO) . 

HHTepecH!le pe3yRbTaT!l ObiRH ITORY48HII 113 HHKp09Jl6H8HT

HOrO peHTreHOBCKOro aHaRH3a, BbiiTOJ!H8HHOrO Ha H800Ry4eH

HOA qacn! oopa3U08 11. Ha oopa3Ue. ~oTorpa~H!! noaepxHoCTl! 

KOTOporo npH8eneHa Ha PHC.2.3. 3TH ~aHH!le npe~CTa8Jl8Hbl 

s TaOnHue. 

TAE!IHUA 

cocTaB 

Cr 
Mn 
Fe 

Ni 

Ti 

Bcero: 

Heoony4eHHasr oonyqeHHasr o6nacrb, 

oonacrb,aT.% aT.% (PHC.2.3l 

17.188 10.711 

0.507 0.492 

72.817 83.237 

9.637 5.341 

0.403 0.218 

100.0 100.0 

Cne~yeT OTHeTHTb, 4TO MHHHMaJ!bHblll pa3Hep aHa?.H3Hpy

eMOll OCillaCTH C HCITOIIb30BaHH6M peHTr8HOBCKOrO MHKpOaHaJIH-
3aTOpa COCTaEIIS!eT 1 HKM 2 , il03TOMY 8 TaKHX 1!3M6P8HI!S!X 

TPY~Ho rapaHTHpoearb, 4TO np11 soaoyx~eHHH xapaKrepHCTH

qecKHX peHTreHOBCKHX T6PMOB He peri!CTpHpyeTCS! TaKJte 1!3-

r.yqeHHe OT "TIOnRO!tKH", Ha KOTOpOll oOpa30Bai!HCb OCTpHRHble 

5 



CTPYKTypbl. IT03TOMY . HeJ!b3ll IICKJID'liiTb, '!TO B 3Ha 'leHIIllX 
aTOMHbiX .KOHUeHTpaUIIII 3JieMeHTOB (CTOJ!OeU 2 B TMJIHUe 
HMeeTcll BKna.n .. or "no.nnoltKII". TeM He MeHee 113 'i'aOJIHUbl 
Bll.llHO, '!TO pe3KO II3MeHIIJ!Cll 3JieMeHTHblll COCTaB OCTpHIIHb!X 
CTPYKTyp. Bonee 4eM Ha 10% B03POCJIO co.nep!taHIIe !teJ!e3a, 
npHMepHO Ha 7% .!!Jill Cr II Ha ' 4% )IJ!ll Ni yMeHbWIIJ!f!Cb IIX 
KOHUeHTpaUIIII. Ynano TaKllte CO,llep!taHIHi Ti. 3aMeTIIM; '!TO. C 
y'!eTOM · BKna.na "flO.!IJIO!tKII ;, 9TH 
B03paCTII .. 

113MeHeHIIll J!OJ!ltHbl TOJ!bKO 

4. OBCYIJlEHIIE . 

MOllHO npe.nnoJ!OlliiTb; '!TO HaOJID.!leHHble 9$$eKTbl oOyCJIOB..: 
JleHbl ·II.CnapeHIIeM MaTepllaJ!a MIIWeHII (CTaJIH X18HlOT) ·aa C'leT 
BbiCOKHX·YJleJ!bHbiX IIOHH3aUHOHHbiX 
IIOHOB 129xe Ex· = !dE/dxl . 

1 
11 

'"" 

norepb sHepr1111 Tl!!tenb!X 
nocne.nynmen KOH.IleHcauHeA 

IICnapeHHb!X '!aCTIIU Ha HeO,llHOPO.IlHOCTllX nosepXHOCTII. TaKOe 
nose.nemie MilltHO oO'bllCHIITb .llBYMll MO,lleJ!llMII: "TepMI!'!eCKOrO" 
fliiKa. II KYJIOHOBCKOrO "B3Pb1Ba", KOTOplle liOCTaTO'lHO XOpOWO 
onl!caHbl s JII!TepaType/5/. 

cne.nyeT 3aMeTI!Tb •. '!TO oOa n11 MexaHII3Ma paccMaTpllsa
DTCll npi!MeHI!TeJ!bHO K. MaTepHaJiaM Tllna .!1113JieKTPII'leCKIIX, B 
KOTOPNX HII3Ka!l flJIOTHOCTb CBOOO.IlHb!X 9JieKTPOHOB, 3a C'leT 

. qero OTHOCI!TeJ!bHO BeJIIIKO BpeMll nepe.na'lll 9JieKTPOHHb!X 803-
0yx.neHIIII aTOMaM.pemeTKII, TO eCTb 3TII 'MO.UeJIII C'li!TaDTC!I 
nnoxo npl!eMJJeMbiMII . .!!Jill MeTaJJnos. 11 cnJJasos: 

B paoore/6/ paccMorpeH npouecc oOpa3osaHII!I s peaynh
Tare IIOH1!3aUIIII II 9JieKTPOH-9JieKTpOHHOA peJ!aKCaUIIII UIIJIIIH.U
PII4eCKOA.OOJ!aCTII neperperoro sneKTPOHHoro ra3a, TeMnepa
Typa KOTOporo Te, C 9$$eKTIIBHb!M pa.UIIYCOM: 

r2 

R Sf (1) .. 
4ttze4n 

rne I - cpe.UHIIA noTeHUIIaJI IIOHII3aUIIII, Z - aTOMHb!ll HOMep, 
e - 3apll.ll 3JieKTPOHa, n- nJIOTHOCTb aTOMOB semeCTBa MI!We
HII. Cpe.UHIIII noTeHUI!aJI IIOHII3aUIIII aTOMa MOltHO npi!OJ!II!teHHO 
npe.ncTaBIITb s Bll.ne: 

6 

I ~ 13.5 Z 38. 
ITOJICTaBJ!llll B (1) Bb!pa!teHI!e (2) II Y'liiTbiBall, 4TO Z 
II n = 8.867x1022 cM 3 , HaXOJIIIM, '!TO pa.llHYC . 30H~· 

Fo 
rpeToro sneKTPOHHoro ra3a !!MeeT aHa'!eHHe: 

(2) 

= 26 
nepe-

R 9( 21 A. (3) 
• 0 

BpeMll Tennonepena'lll OT neperperblx 3JieKTPOHOB pemeTKe ~ . 
paBHO: 

" = 

R 2 
c 

-- ' 
ao. . 

•• 

(4) 

3JieCb R -pa,llHyC 3HepreTII4eCKOrO TpeKa, a·~ -K09$$11UIIeHT c • 
reMneparyponposonHOCTH 3JieKTPOHHoro ra3a, onpe.nenlleMbiA, 
B OCHOBHOM, JIJIIIHOII 3JieKTpOH - $OHOHHb!X COyJ!apeHIIA 
(oa = K /C , C - 3JieKTPOHHall TeflJ!OeMKOCTb) .. 

e e e e . · , 

ITocne Bb!paBHHBaHHll 3JieKTpOHHOR II pemeTO'!HOR TeMnepa-
TYP Ha411HaeTCl! CTaJjlll! OTHOCIITeJ!bHO MeJ!JieHHOro TenJIOBOrO 
"pacnnb!BaHHll" 3HepreTII'leCKoro rpe~ta, · xapaKTePII3YDinaHc!l 
ManOA BeJIII'liiHOR K03$$11UIIeHTa TeMneparyponpOBOJIHOCTII ~ = . . . . . T 

K ; C. (3.1leCb K - 3JieKTpOHHall TennonpOBO.UHOCTb, a C. -
TennoeMKOCTb pemeTKII) . 3a BpeMl! ll113HII Tpel<a B pMOTe'/6/ 
npiiHllTO xapaKrepHoe speMll TenJJosoro pacnJJbiBaHHll -c . : 

2 . T 

Rc 
't' = 

T -- • 
(5) 

ae 
. T 

Tor .na paJUlYC TPeKa onpe.neJJl!eTCll BbipazeHIIeM: 
. r 31?. ( (dE/dx). ) 112 

T ~nel 1/3 R - I . \ 
c- 1-------------Il~-----r 

JO In: n 
(6) 

r.ne r = c /T , . . ~ - K03$$11UIIeHT rennonepe.na'lll OT sJieKT-
poHos pemeTKe. A TeMneparypa s TpeKe 

(dE/dx). 
1 n e l 

T = _____ 2 ____ _ 

:f( Rc c, J'' 
c 

f. - nnoTHOCTb semecrsa MllmeHII. 
, ~Jill Pll.Ua MeTaJIJIOB Ob!JIII OUeHeHb!/6/ 

MeTpb! TpeKOB, HanpiiMep, .!!Jill Fe: 

7 

(7) 

xapaKTepHble napa-

I 
I 
' 

I 
t~ 



Rc = 50 A, Tc = 
~ . = 6x1o- 14 c, ~ = 

6000 K, 
10-12 c. (8) 

o ' T 
BenHqHHN HeynpyrHX 

(dE/dx). HOHOB 129xe 
1 n e 1 

fiOTepb 3HeprHH TRXeRNX HOHOB 
c sHeprHeA E =124 M3B s Hepxase-

PmeA CTaRH Xl8H10T nonyqaeM, HCfi0Rb3YR KOMfibPTepHyP 

nporpaMMY TRIM-90. 
napaMeTpN JIRR 

n,. 
P. = • c = 

CTaRH X18H10T BNOHpaRHCb 
8.867x1o22 cM- 3 , 

3 8.05 r/CM , 
0.65 HX/(r·Kl, 

K. = 27.8 BT/(M·Kl, 
' 5.3x10- 2 cM 2/c. ae = 
i 

cneJiyDmHMH: 

!9) 

OTMeTHM, qTo liRR JiaRbHeAWHX pacqeTOB K03$$HUHeHT 
TennonpOBOJIHOCTH K. , KOTOpNA, B CBOIJ oqepeJib, 3aBHCHT OT 

• TeMnepaTypN, BNOHpaRCR .JIRR TeMnepaTyp, npeBNWaDmHX T > 
1100 K. 

Ha OCHOBe BNqHCReHHNX senHqHH yJieRbHNX noTepb 3Hep
rHH C HCfi0Rb30BaHHeM BNpaxeHHA (6) H (7) H OUeHHBaR pa
JIHYC TpeKa 3HaqeHHeM paJIHyca JIRR Fe/ 6/, nonyqaeM pacnpe
JieneHHe TeMnepaTyp s TpeKe oT rnyOHHN BJIORb npooera 
HOHOB 129Xe. 

Ha pHC.4 npHBeJieHN 3aBHCHMOCTH TeMnepaTypN H paJIHyca 
TpeKa BliORb npoOera HOHOB. 3aBHCHMOCTb paJIHyca TpeKa 
Rc(x) OT KOOPliHHaTN x nonyqeHa C yqeTOM BNqHcneHHNX 3Ha
qeHHA (dE/dx). , KOTOpNe, B CBOIJ oqepeJib, . 3aBHCRT OT 

1 n e 1 
x. Ha 3TOM xe pHCYHKe WTPHXOBOA RHHHeA noKasaHa TeMnepa-
rypa nnaeneHHR HepxaseDmeA cTanH (T = 1673 Kl . mo l 

KaK BHJIHO H3 PHC.4 1 npaKTHqeCKH no BCeMy npoOery TeM-
nepaTypa B rpeKe npesNwaeT s HecKonbKO paa TeMnepaTypy 
nnasneHHR. KpoMe Toro,speMR XH3HH rpeKa ~T so MHoro paa 
npesNwaeT speMR rennonepeJiaqH or 3ReKTPOHOB peweTKe ~ •• 

't:T ) ) '( e i 
(10) 

no3TOMY npoueccN HcnapeHHn MaTepHana H3 neperperoA oo
nacTH BliORb rpeKa snonHe MoryT npoHCXOAHTb sa speMH 
TennonepeJiaqH OT 3TOA 30HN K OCTaRbHOA MaTpHUe (3a spe-

8 

4 T,x10 K Re,A 

1.2 T 

50 

0.8 40 

30 

o. 4 20 

0 2 4 Rp6 X,MKM 

PHC.4. 3aBHCHMOCTH TeMnepaTypN H paJIHyca TpeKa 
129xe OT rnyOHHN B CTaRH X18H10T. mrpHXOBaR 
- TeMneparypa nnasneHHR 

HOHOB 
RHHHR 

MeHa BNpaBHHBaHHR TeMneparyp JIO TeMneparypN oopaaua npH 

OOnyqeHHH T = 673 - 973 K) . 
cneJiyeT aaMeTHTb, qro TeMneparypa oonyqaeMoro oopas

ua KaK TepMOJIHHaMHqeCKHA napaMeTp MOXeT ONTb BBeJieHa JIRR 

cnyqaR, KOrJia npoUeCCN 0RH3KH K paBHOBeCHNM, TO eCTb 
KOrJia cymecTsyeT KPHCTannHqecKaR peweTKa H CBR3H aTOMOB 
B peWeTKe HapyweHN He3HaqHTeRbHO. B paccMaTpHBaeMOM cny
qae, KOrJia TeMnepaTypa s rpeKe T >> T , caMo n~RTHe 

mol 

TeMnepaTypN JIORXHO BBOliHTbCR C OCTOpOXHOCTbD. 
PacCMOTPHM, Jianee, Oonee KoppeKTHNA, Ha HaW B3rRRll, 

fiOJIXOll K OfiHCaHHD HaORDJieHHNX 3$$eKTOB. 
B npoueccax HcnapeHHR MaTepHana, HanpHMep c 

30BaHHeM MOmHNX 9ReKTPOHHNX nyqKOB, BBOJIHTCR 
nROTHOCTH KPHTHqecKOA MOmHOCTH, npH npeBNWeHHH 

9 

HCfiORb
fiOHRTHe 
KOTOpOA 



MaTepHaJI Ha<JMHaeT I!HTeHCMBHO HCnapSITbCS!. 3anHWeM 3TY Be
J!I!'IHHY c HcnoJib30BaHHeM cne~ynmero a~paxeHHl!: 

p = 
<r 

<2. L X .P. 
l evap evsp 1 

-----R---~2---- , 
1$vap 

(11) 

3~eCb ~. - K03$$HUHeHT TeMnepaTyponpOBO~HOCTH · (CMOTPH 
(9) l, L - yJieJibHaSI Ten noTa HcnapeHHl!, x -r J!YOHHa eva p ·- - ... v a p ·.- _ · 

HcnapSieMoro cnon, R - ere pa~11yc. 'IH<;JleHHoe 3Ha'leHHe evap 
y~eJ!bHOA rennoTH HcnapeHHl! B03bMeM ~Jill xenesa, nocKOJ!bKY 
ero CO.llepllaHMe B cranH X18H10T npee~waeT 70%, ror ~a 
L = 6.267 Kllt/r .. 

eva p 

B!I'IHCJ!HH ~a nee 9HeprHD Tl!Jtenoro HOHa; Tepl!eMyD liM B 
OO~eMe MaTepHana V B . BH~e UHJ!HH~pa C B~COTOR X If - -., v a p 
pa~HYCOM R . npe~CTaBHM nJ!OTHOCTb I!OHH3aUMOHHH~X no-

""'"P 
Tepb 3HeprMH B.BH~e: 

d3E 1 

dxdRd<P 
= ___ (dE/dx) ... 

1 
exp I~R2 /R 2 ) . 1(' R2'· . .l·n.e . c: 

(12) 

0 

To eCTb M~ npe~nonaraeM,. 'iTO . pa~llaJ!bHOe . pacnpe~eJ!eHHe 
norepb 3Hepri!H rsute;IOro lloHa IIM.eer BH~ raycc:oea pacnpe
~eJ!eHMl!. Tor.zta: 

X R 211 d 3E -evap_ evap . -. 
6E = .f . dx .f . R . dR .f d<l> __ _c.;;_.:; ~ 

0 0 0 dJ:<dRd<l> 

~. (dE/dx) · . X (1-,exp(.:R 2/R 2)). (13) 
inal.-evap·- - ev.11p c 

Tor~a nJ!OTHOCTb BHOCHMOA Tl!JteJ!~M. l10HOM MOWHOCTII MOJt
HO npe~CTaBHTb B Bl!~e: 

3~ecb 

X -.,·v"' p 

p = 
i on 

\ 
1

- BpeMl! 

6E 

--------':1'--., rr R t 
ev_ap C 1 

114) 

npoJ!eTa Tl!&enoro I!OHa C~Ol! C rJIYOHHOA 

10 

t = 
tl 

X -., v. p 

(2i/i1)I72 
(15) 

r~e E 11 M - 3HeprHSI 11 Macca nponeTaomero HOHa cooraercT~ 
BeHHO. 

llcnoJib3Yl! $OTOrpa$HH, npHBe~eHH~e Ha PMC.1.1 II 

PHC.2.3, MOJtHO npHOJ!HJteHHO OUeHHTb KOJ!H<JeCTBa BerueCTBa, 
HaXO~l!rueroCS! B OCTpHAH~X CTPYKTypax Ha nnoma~H S = 
0.01767 cM 2 (Kpyr C pa~HYCOM 1.5 MM); ;TKy~a nony<JHTb 
KOJ!H<JeCTBO aTOMOB N

5
: 

N
51 

= 7.2x1015 aTOMOB, (Ft)
51 

= 8.83x1013 l10HOB, (16) 
N = 3.3x10 16 aTOMOB, (Ft) = 3.53x1014 HOHOB. (17) 52 52 

B B~paJteHHS!X (16) 11 (17) (Ft)
5

- 'li!CJ!O HOHOB, nonaa
WHX Ha nnorua~b S. OTKy~a MOXHO nOJ!Y'IHTb KOJ!H'leCTBO aro~ 
MOB Ha O~HH na~aOruHA HOH, B~JleTeBWHX 113 MHWeHII II OCeBWHX 
Ha noBepXHOCTI! B OCTpiiAH~X CTpyKTypaX: 

K 
"v. p 1 

= N 
1 

/ (Ft) = 81 a TOM/HOH II . ., 
K 

evap2 = N. 1 /(Ft).,= 93 aTOMa/I!OH. (18) 

C<JHTaeM ~aJ!ee, 'ITO HcnapeHHe MaTepHaJ!a 
XO~HT 1!3 KOHYCa C pa~IIYCOM R II B~COTOA • v. p 
ral! TaKJte X ~ 2 R , 113 COOTHOWeHHl! 

-.,vap evsp 

11 R 2 X 

t.v1 
evap -.vap 

!>< ---------------
3 

K 

= 
"v. p 

n 
Fo 

MI!WeHII npOIIC-
X noJ!a-
- .. va_p 

(19) 

MOJtHO noJ!y'IHTb, 'iTO R g( 8 A, X ~ 16 A. 6V -
evap evap 1 

oo~eM HcnapeHHoro MaTepHaJ!a, npiiXO~l!rui!ACl! Ha o~HH na~aD-
ruHA I!OH. 

3aMeTIIM, 'ITO ~aHH~e OUeHKH BeCbMa npiiOJ!IIJteHH~e, B 
qacTHOCTH,B HMX He y'liiT~BaeTcl! liOJ!l! llcnapeHHoro MarepHa
Jla, KOTOpal! He CKOH~eHCHPOBaJ!aCb Ha OOJ!y<JeHHOA noeepx
HOCTI!, a e~neTena 3a ee npeJien~. 

ll 



CpaBHHBaH 3Ha~eHHe R = 8 A CO 3Ha~eHHeM pa~Hyca 
e v"' p 

30Hbl neperpeTOfO 3ReKTPOHHOfO ra3a· (CMOTpH Bblpa:teHHe 

(3)), BIUHIM, ~TO R < R . 
ev~p eO 

flO~CTaBRHH HaR~eHHble 3Ha4eHHH R H X 8 Bt~pa-evap -<5v.!lp 

XeHHe (11) , HaXO~HM BeRH~HHY ITROTHOCTH KPHTH4eCKOR MOW-

HOCTH: 
P £! 6.69x1o10 8T/CM2. 

n 

BpeMa nponeTa HOHa KCeHOHa C 3HeprHeR E = 124 M38 H 

COR M = 129 a.e.M. cnon C TORWHHOA X paBHO 
1.18x1o-16 c. 3TO BpeMH 3Ha~HTeRbHO MeHbwe" BpeMeHH 
Tor~a Bbl~enHeMaa raxer.HM HOHOM 129xe B o6beMe v 
HOCTb MOWHOCTH: 

P = 9.2x1013 BT/CM2 . 
X • 

(20) 

MaC-

t = 
' l 

't: e i 

nnoT-

(21) 

KaK BH~HO H3 cpasHeHHa BblpaXeHHR (20) H (21) , P. >>P 
1 on c r 

no3TOMY npoueccw HcnapeHHa MaTepHana MoryT H~TH secbMa 

3~~eKTHBHO. 

5. 3AK!Ill'IEHIIE 

Ha OCHOBaHHH BbliTORHeHHblX pac~eTOB HO%HO cnenaTb Btl

BOA 0 TOM, ~TO npH COORDAeHHH C~OPMYRHPOBaHHblX Bb!We yc-

ROBHA ( T > T. H P. > P ) npOHCXOAHT npoueCCbl HC-
mol 1on cr 

napeHHH MarepHana MHweHH c nocnenyDmeR KOHneHcauHeA Ha 

HeO~HOPOAHOCTaX nosepXHOCTH. 
npencTaBnHeT HHTepec npHsecTH TaKxe aHanorH~Hble pac

~eTw, BbliTORHeHHble ARH cny~aH HOHOKPHCTaRROB anMa3a, 00-
ny~eHHblX TaleRblMH HOHaHH 40Ar C 3HeprHeR 25 M3B H 1

2
9Xe 

C 9HeprHeA 124 MaB/7/. 8 3TOM cnyqae BeRH~HHa KPHTH~ec
KOR ITROTHOCTH MOWHOCTH ~na anMa3a pasHa P = 1.25x10

13 

BT/cM 2 , a BblneneHHaH nnoTHOCTb MOWHOCTH: p" =6.6x1o
13 

BT/CH2 H p = 1.9xlo13 BT/CH2. 3necb Ob!RH HCnORb30BaHH 
•• 3KCnepHMeHTaRbHble ~aHHble no npaMOMY H3MepeHHD pa3HepoB 

HCITapeHHOR OORBCTH, nony~eHHble C nOHOWbD MeTO~a TYHHeRb

HOR MHKPOCKOITHH H OKa3aBWHeCH paBHblMH R = 15 A/S/. 
~RH HOHOB l2 9xe TaK%e Ha6n~~anocb oOpa30Ba~He CTPYKTYP 

12 

THITa aHop~HblX Ha flOBepXHOCTH OOny~eHHOfO anHa3a, 8 TO 
BpeHH RaK ~RH HOHOB 40Ar CTPYKTypa ITOBepXHOCTH Ob!Ra 

TORbKO 3Ha~HTeRbHO aHOP~H30BaHa. 

Ha OCHOBaHHH 3THX 3KCITepHHeHTanbHblX ~aHHblX HOXHO 

C~enaTb Bb!BO~ 0 TOM, GTO KPHTepHR ~RH oOpa30BaHHH KpaTe

pOB, OOyCROBReHHblX HcnapeHHeH HaTepHana MHWeHH, MOXHO 

npe~CTaBHTb B BH~e: 

P > P npH T > T 
ion er mel 

(22) 

~na cnyqag HepenaTHBHCTCKHX Ta%enb!X HOHOB, KOr~a 

(V/C)2<< 1, H C~HTaa, ~TO (R /R )2 << 1, Bblpa:teHHe 
evap c: 

(22) MOXHO 3aiTHCaTb B ynpoweHHOA ~OpHe: 

R X 
ae, L_. • • .P, < (dE/dx) 1 n • 1 ( -~~~~) 2 =~~~~ 

112 
(23) 

. R I2E/M) 
c 

KpoMe Toro, ~na npose~eHHH oonee KoppeKTHblX oueHOK, 

ITO cpasHeHHD C BbliTORHeHHblMH B naHHOR paOOTe, TpeOyeTCH 

BbliTORHHTb 3KCITepHMeHTaRbHble HCcne~oBaHHa no npaMOHY H3-

HepeHHD pa3Hepos KpaTepos Ha nosepXHOCTH oonyGeHHOR 

CTanH. 

AnbTepHaTHBHblR MexaHH3M pacnHneHHa MarepHana aa cqer 

Bb!COKHX HeynpyrHX ITOTepb 3HeprHH HOHOB OITHCaH B 0030-
pe/9/. 

B 3aKRD~eHHe aBTOp BblpaxaeT npH3HaTeRbHOCTb CKypaTO

BY B.A., OpenOBH~Y 0.!1. H ARTblHOBY B.A. 3a ITOMOWb B np~

seneHHH 3KCITepHMeHTOB H H3HepeHHR. 

13 
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