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Boraa'l H. a .ap. P3 - 10777 
to 7L. 

Hcnom.30Bane pellJ[JIBB B(n,a) 1 llnH onpelleneRBSI 
p8CDpelleneOH 8TOMOB 6opa B KpeMHBH 

B pa6ore onacY&aeTCSI MeTOilaJta onpelleneHBSI npo6eroa (Rp) B pacnpe
llenens BOBOB 6opa B ll:peMBBB 6ea paapyweBBSI o6pa3U8. nony'leBBbie 3Ha
'18UB Rp B AJlp XopOWO COrnacylDTCSI C TeopeTJI'IeCKBMB 3H8'1eHBSIMB npo-
6eJ'OII a c sscnepaMeRTIIllbBYMB lla&BYMB JJpyrax ailropoa, Hay'lanacb aaaa

caMOCTit Jt01111'18CTB8 BMDnaBTBpOB8BHOrO 6opa OT 9BeprBB BMDn8HT8liBH. 

Pa6ora. !lhiDonReaa B na6opaTopBB ReATpOHROA cj)a3BKR OH HH. 

Dpe.,.m- oe.. ..... aoro acaa&)'Ta ue,..o ac~JIO....a. Jly6- 1977 

Boaancs J. et.al. 
tO· 7 

Application of B(n.a) Li Reaction for 
Determination of Distribution of Eoron 
Iaplanted in Silicon 

P:t - 10777 

The aethod of determination of the (lip) runs and 
distributions of horon ions, implanted in silicon, with
out a saaple's destruction is being described in the 
vork. The obtained values of Rp and ~Rp are in good 
aareeaent vith theoretical values of the runs and with 
the data of other authors. The dependence of quantity 
of iaplanted boron upon an energy of implantation was 
beina studied. 

The investigation has been performed at the 
Reutron Physics Laboratory, JINR. 
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Tipu H3rOTOBJieHHH nonynpoBOAHHKOBbiX npHoOpOB H3 
KpeMHHH B Kaqecrae npuMecaoro sneMeHTa P-runa ruupoKo 
HCnOJlb3yeTCH oop, nnH ero BBeaeHHH B oopa3eU qaCTO 
npHMeHHIDT MeTOA HOHHOH HMnJiaHT8UHH. 

OnpeneneHue aaaucuMocru npo6era H pacnpeaeneHHH 
no rnyoHHe HOHOB oopa B KpeMHHH OT SHeprHH HMnJiaHTa
UHH HMeeT B8*HOe 3HaqeHHe npu npoeKTHpOB8HHH H H3ro
TOBJleHHH nonynpOBOAHHKOBb!X npuoopOBo 

Pacq~Thi npo6eroa (Rp) u 'pacnpeneneHHH" (~Rp) 
HOHOB oopa B KpeMHHH OhiJlH BhinOJIHeHbl n.K.EpaHCOM /1( 
11aaecreH TaK*e pHa paooT no sKcnepuMeHTaJibHoMy 
onpeneneHHID npo6eroa12-16/ B o6nacru cpeaaux H 6onbruux 

SHeprHH HMnJiaHT8UHHo 0AH8KO B OOJ18CTH M8JlbiX SHeprHH 
(10-100 KsB), aa*HOH AJIH npaKTHqecKux uenea, nocraroq
HO TOqHbiX SKCnepHMeHT8JlbHhiX A8HHhiX HBHO He XBaTaeT, 
BonbruHHCTBo paooT Bhmonaeao sneKrpuqecKHMH Meroaa
Mu/3/, KOTOpbie A8IDT CBeAeHHH 0 pacnpeaeneHHH TOJlbKO 
sneKrpuqeCKH aKTHBHoro, Ho He acero 6opa. KpoMe roro, 
STH MeTOAhi TpeoyiDT OOJlbillHX 38TpaT TpyAa H nocneaoaa
TeJlbHOrO YA8JieHHH CJIOeB MaTpHUhi, T,e. npHBOAHT K pa3-
pyilleHHID uccnenyeMbiX o6paauoa, qro naneKo He acerna 
AOnyCTHMO Ha npaKTHKeo 

B HacroHrueA pa6ore onuc&raaeTcH MeTOAHKa onpeaene
HHH npo6era H pacnpeAeJieHHH HOHOB oopa B KpeMHHH, 
OCHOB8HH8H Ha H3MepeHHH noTepH SHeprHH 8Jlb~a-qaCTHU, 
B03HHK8IDillHX B peaKUHH 10 B(D,a) 7 Li, npH npOXQ)KAeHHH 
ux qepea Marepuan MaTpHUhio Tiorepu HenocpeACTBeHHO 
CBH38Hbi C rny6HHOH H8XO*AeHHH 8TOMOB 6opa H He 38BHCHT 
OT HX qJleKTpHqeCKOrO COCTOHHHH. J1cnOJib3yeMaH MeTOAHK8 
He Tpe6yeT paapyrueHHH M8TpHUhi, qro AaeT B03MO*HOCTb 
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npOBOAHTb MHOrOKpaTHOe H3yqeHHe OAHOro H TOrO ~e 
o6pa3ua. Eonhmoe ceqeHHe peaKUHH (no cpasHeHHID c apy
rHMH (n ,a) peaKUH5IMH Ha TennOBbiX HeihpOHax) n03BOn5I
eT BbiiTOnHHTb H3MepeHH5I npaKTHqeCKH B niD6biX MaTepHanax 
MBTpHUhl H o6ecneqaaaeT BhlCOKYID qyBCTBHTenbHOCTb H 
npH CpBBHHTenbHO HH3KHX HeiTpOHHhlX noTOKBX. 

B HBCTOBilleA pa6ore onpeaeneHbi npo6erH H pacnpeaene
HHB HOHOB 6opa B o6pa3UBX C nosepXHOCTHOH KOHUBHTpBUH
eA OKOno 10

15
aTOMOB•CM-2 B o6naCTH 8HeprHA HMnnaHTBUHH 

20 - 80 KaB. Yl MrrnaHrauH B 6opa npoaoaanach B UYI <t>YI 
( Eyaanemr), a H3MepeHH5I 6brnH BhrrronHeHbr Ha HMnynhCHOM 
peaK Tope Yl EP-30 1181 fla6oparopaa HeArpoHHoA <lJH3HKH 
011HYI. 

3KcnepHMeHTanhHB5I ycTaHOBKa H H3MepHTBnhHhll 
TQBKT 

CxeMa aKcnepHMeHTanhHoA ycraHOBKH H H3Meparenb
Horo rpaKTa noKa3aHa Ha pH c. 1. Yl ccneayeMbrA o6pa3eu 
( S = 5 - 10 CM 2 ) H KpeMHHBBhiA ABTeKTOp noMeruanHCb 
B 06illyiD KaMepy, OTKaqHBaeMyiD AO AaBneHH5I 10-2 MM pT.CT. 
KaMepa ycraHaBnHsanacb B nyqoK HeArpoHoB Ha paccroB
HHH 15 M OT BKTHBHOI 30Hhl peaKTOpa. lleTeKTOp pa3Me
ruanC5I rrapannenbHO nnocKOCTH o6pa3ua Ha paccTOBHHH 

5 CM OT Hero.llnSI nposepKH KanH6pOBKH H3MepHTenbHOro 
TpBKTa no 8HeprHH H An5I MOHHTOpHpOBBHH5I nyqKa cny~Hna 
MHilleHb 

6 
LiF ronmHHoA 0,06 Mr•cM -2 . 

llnB perHCTpBUHH 3ap5IM9HHhlX qaCTHU HCITOnb30BBnC5I 
llOBepXHOCTHo-6apbepHhll KpeMHHBBhll AeTeKTOp C pa6oqel 
llOBepXHOCTbiD 1,2 CM 2 H yaenhHbiM COITpOTHBneHHeM 
1500 OM•cM. flpH HanpB~eHHH CMemeHHB 100 B aHepreTH-
qecKoe pa3pemeHHe aereKTopa anB anb<lJa-qacTHU 241 Am 
COCTaBnBnO 18,7 KaB. 

B cneKTpoMeTpHqecKoM TpaKTe npaMeHBnacb craHaapTHaB 
annaparypa, pa3pa6oTaHHaB B OYIHY! 1171 • AMnnHTYAHhiA 
BHBnH3 ocyrueCTBn5InC5I BO BpeMeHHOM OKHe, COOTBBTCTByiD
illBM aHepreraqecKoMy HHTepsany 0,01-0,10 aB. AMnnHTya
Hhle cneKTphl CTa6HnH3HpOsanHCb B ABYX TOqKaX C llOMOillbiD 
reHepaTopa ToqHhlX aMnnarya. 
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P H c. 1. EnoK-cXeMa H3MeparenhHoA ycraHOBKH. 1 - HeAr
poHHhrA nyqoK, 1 a - KonnHMaTop, 16 - nosymKa nyqKa, 

2 - o6pa3eU, 3 - MOHHTOp 6 LiF , 4 - BHyTpeHH5I5I CBHH
UOBB5I 38illHTa, 5 - ABTBKTOp, 6 - BBKYYMHB5I KBMepa, 
7 - npeaycanHTenb, 8 - ycanarenb c <iJopMHposKoA, 9 -
8MHTTepHhiA ITOBTOpHTenh, 10 - reHepaTop CTa6HnH3BUHH, 
11 - aMITnHTYAHbiH aHanH3BTOp C BpeMeHHbiM OKHOM, 12 -
rpa<lJonocrpoarenb, 13 - MarHHTo<PoH, 14 - E3CM-4, 15 
OCK, 16 - ua<PponeqaTh, "0" - crapTOBbiA carHan, L -
nponerHaB 6a3a ( 15 M). 

MeTOAHKa H nposeaeHHe H3MepeHHA 

K 6 
/9,19,20.21,23,24,25/ 

BK H3BeCTHO H3 p5IAB pa OT , 5IA8pHa5I 
peaKUHB 

10 
B(n, a) 7 Li mapoKo HCnonb3yeTcB anB onpeaene

HHSI coaep~aHHB 6opa B pa3nHqHbrx MarepHanax. Bo scex 
8THX pa6oTaX HeKOTOpbie TPYAHOCTH 6binH Bbi3BBHbl BbiCQ
KHM <iJOHOM, qro B006rue XapaKTepHO An5I H3MepeHHA B HeAT
pOHHbiX nyqKaX Ha TennOBbiX CTBUHOHBpHhiX peaKTOpax. 
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/22/ . 
B pa6oTe 6wnH rroKaaaaw rrepcrreKTHBW rrpHMBHBHH9 

HMDynbCHhlX peaKTOpOB B 8KTHB8UHOHHOM aHanH3e, B 'ISCT

HOCTH TeopeTH'IBCKH 060CHOB8HO, 'ITO C HCDOnb30B8HHBM 

MBT0Jl8 BpBMBHH Dponera Ha HMDynbCHbiX peaKTOpaX B03-

M0)KH0 YMBHblliBHHe tPOHa Ha 1-2 DOp9JlK8 DO cpaBHBHHIO 

C tPOHOM Ha CT8UHOH8pHhlX peaKropax. 

CpaBHHTen&Ho HH3KHfi !l>oH a HMrryn&CHOM pe)KHMe B 

Cp8BHBHHH CO CT8UHOH8pHb!M H ero XapaKrep (eM. pH C .2) 
B o6nacrH ManbiX aaeprHfi a -qacrHu rro3aonHn orrpeJlenHTb 

KOnH'IBCTBO H pacnpeJleneHHe 6opa B HMDnaHTHpOBSHHbiX 

o6pa3USX KpBMHHg C XOpOlliBH 'IYBCTBHTB~bHOCTbiO. 
I 

3·103 I 
2·103 

1-103 

Of-

\ 
2 ~.............._ 

0,5 1,0 1,5 E 
pH C .2. CooTHOllleHHe tPOHOB B HMDynbCHOM (2) H CTSUHOHap

HOM pe)KHMB ( 1) DpH OJlHHBKOBbiX HHTerpanhHb!X DOTOKBX Terr

nOBbiX HefiTpoaoa.l - 'IHCno HMrrynhcoa, E - aaeprHg 3apg-

)KBHHhiX 'laCrHu ( MaB). i 
/ 
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KonH'Iecraeaaoe orrpeJleneHHe 6opa ocymecrangnoc& 

cpaaaeHHeM c aranoHaMH, KOnHqecrao 6opa a KOTOpbiX 

H3BeCTHO C TO'IHOCTbiO ~2%. 3TanOHbl DpHT'OTOBngnHCb H3 

coeJlHHeHH9 (C5 B9H11 ) 2• Co· Cs , cnHpToaofi pacTaop KOTo

poro HBHOCHncg Ha ttniOMHHHBBbie ITOJlnO)KKH JlHBMeTpOM 

30 MM. OnpeJlengnac& 3BBHCHMOCTb HHTerpanbaoro •mcna 
3aperHcTpHpoaaHHhiX .oereKropoM anh!l>a-qacTHU OT KOnH'Ie

CTBa 6opa (pH C 4 3). 113 pH C • 3 BHJlHO, 'ITO nHHeHHag 

38BHCHMOCTb a .llBHHhiX ycnoaHgx coxpaagercg a rrpeJlenax 

0,5+50 MKT' (0,002 - 0,2 MT' COeJlHHBHHg Ha CM2 ). D.anb
HBHlllee YBBnH'IeHHe KOnH'IeCrBa 6opa DpHBO.IlHT K CHnbHOMy 

yaenH'IBHHIO caMorrornomeHHg anb!l>a.-qacTHII. MHHHManbHoe 

onpe.oengeMoe Konu'lecrao 6opa a .llBHHhiX ycnoaugx co

CTaanger 0,5 MKr. B Ka'lecTae rrpHMepa rroKa)KeM arrnapa

rypHbiH cneKrp aTanoaa c KOnH'IecraoM 6opa 6,4 MKr 
(pHc.4). 

~104 

It 

3 

2 

0 

/I 
/,// 

25 50 75 100 125 IN 

pH C • 3. 3aBHCHMOCTb 'IHCna HMrrynbCOB BnbtPB-'IBCTHII ( 1) 
OT KOnH'IBCTBa 6opa (B MKT'). 
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P n c. 4. AnnaparypHbiH cneKTp anh<Pa-qacrnu 3Tanoaa c 
Konnqec rsoM 6opa 6,4 MKr. 

N 

Tipn onpeaeneann npo6era RP n pacnpeneneanH noaos 
6opa B Kal!eCTBe OCHOBHOrO Kann6pOBO'IH~rO HCTO'IHHKa 
HCnOnb30BanCH TOHKHH cnoil: (000 - 400 A ) ecTeCTBeHHO

ro 6opa, aaaeceaaoro saKyyMHbiM pacnhrneaneM aa amo
MHHnesyro nonno*KY (aaanorH'IHbJM o6paaoM rorosnnacb 
MHrneah nnH Moanropa). Kann6posKa no 3Heprnn nposonn

nacb no nHHHHM 3apH*eHHb!X l!aCTHU H Hnep, B03HHKaiD!llHX 
B peaKUHHX 6 Li(n,a)T n 10 B(n,a) 7 Li npH 3HeprHHX COOT
BeTCTBeHHO 2,05 n 2, 73 M3B, a raK*e 0,839 n 1,471 M3B. 
B H3MepeanHX y'IHTbiBanocb caMonornomeane yKa3aHHhiX 
qacrnu s cnoHx 6opa H 6 Li F • H a p n c . 5 noKaaaa Ka
nn6posol!HbiH cneKTp no 3Heprnn or TOHKHX cnoes 6opa 
H MOHHTOpa. TI HKH COOTBeTCTBYIDT HllepHbiM 1!8CTHUaM o6-
pa3yiDillHXCH B peaKUHHX 10 B(n.a)7 Li H 6 Li(n,a)T. 

B Kal!ecrse npnMepa, aa p n c. 6 noKaaaa annaparypHbiH 
cneKTp anh<Pa-qacrnu, nonyl!eHHbiH oT o6paaua KpeMHHH, 
B KOTOpbiH 6binH HMnnaHTHpOBaHbl HOHbl lOg • 
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PH c. 5. AMnnnTyAHhrii cneKTp, nonyqeHHhrii or o6paauos 
MOHHTOpa H "TOHKOro 6opa". 

06pa60TK8 peaynbT8TOB H3MepeHHH 

06pa6oTKa cneKTpos nposoaHnacb Ha 3BM B3CM-4 
H B3CM-6. 

Ha 3BM B3CM-4 c noMO!llbiD craaaapraoii MaTeMaTH
'IeCKoii nporpaMMbr/26/ onpeaensmHCb nono*eHHH H nnomaaH 
ITHKOB. Tipo6er (Rp) H8XOAJt:nCH no <!JopMyne 

- ·3 
R = 3 .46 -10 • .1 E , 

P a 

rae .1 E 
a - norepH saeprHH a -qacTHU. 

AE = 2730-1471 (K 6-~ )+ .1E~ ' 
L1 a T. · 

K -K 6 
T T. · 

( 1 ) 
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f'Jle Ki , KT .6.- HOMepa KaHanoa, COOTBeTCTBYIOIIIHX ITHKBM 

a -'IaCTHU a IICcneJlyeMbiX o6pa3uax u "TOHKOM 6ope", KT
HOMep KaHana, COOTBeTCTBYIOIIIero ITHKY TpiiTOHOB, ~E~ "' 
"'10 K88- ITOTepg 8HeprUH anb¢a-'IaCTHU B "TOHKOM 6ope". 

d 

100 

80 

60 

40 

20 i .. 
ai • "" ••• 

0 
• •tfD 0 ~ 0 0 0 0 0 O 

570 600 650 N 

Puc. 6. ArrrrapaTypHbiH crreKTp o6pa3Ua KpeMHHH, HMrrnaH-
10 

TUpOBBHHOf'O HOHBMH B • 3Hepf'HH IIMITnaHTHpOBaHHb!X 

HOHOB - 20 H 80 K88, Jl03b! - 2000 MKKn•CM ·2 • 06o3HB

'IeHUH! 0 - 8KCITepuMeHTBnbHbie TO'IKH; - • -•- - paC'JeTHag 

Kpnaag, rrony'IeHHag MeTOJlOM JleKOHBOniOUIIH; I- 'IIICno 

HMITynbCOB B OTHOCUTenbHb!X e]lUHHUax; N - HOMep KaHana; 

d - rny6uHa B MHKpOHax. 

nnoiiiBJlH ITHKOB, COOTBeTCTBYIOIIIHX 6opy 0 6hinH rrpuae

JleHbl K 06IIIeMy MOHHTOpy HeHTpOHOB 0 H C ITOMOIIlbiO Kanu-

6pOBO'IHOH KPIIBOH (puc.3) B o6pa3UaX orrpeJleiJgnocb Ko

nu'IeCTBO HMITnaHTHpOBaHHOf'O 6opa. 

10 
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PacrrpeJleneHue aToMoa 6opa rrony'IeHo a pe3ynbTaTe 

o6pa6oTKH arrrrapaTypHbiX crreKTpoa Ha 3BM E3CM-6 Me

TOJlOM ]leKOHBOniOUHH (JleKOHBOniOUHH - orrepaUHH, o6paTHag 

orrepauuii caepTKH). MaTeMaTu'IeCKOH ocHoaoH rrporpaMMbi 

JleKOHBOniOUHH HBnHeTCH rrpeo6pa30BaHHe ~ypbe/l0~ 7(3a 
8TanOHHbiH CITeKTp 6bJn ITpHHHT CITeKTp "TOHKOf'O 6opa ... 

qaCTOTa o6pe3aHHH orrpeJlengnaCb aBTOMBTII'IeCKII C ITOMO

IllbiO aHanu3a CTIOJleHTa
1271

• Crna:lKuaaHue crreKTpoa rrpo

BOJliinocb MeTOJlOM naHUOIIIa 1281 . 

B Ka'IecTae rrpuMepoa Ha puc. 6 u 7 rroKa3aHbi arrrra

paTypHbie CITeKTpbi H pe3ynbTaTbl MaTeMaTU'IeCKOH o6pa6oT

KH MeTOJlOM JleKOHBOniOUHII. 

Pe3ynbTaTw II3MepeHu~ 
• 

YKa3aHHaH· Bhiiiie MeTOJliiKa 6hina ucrronb3oaaHa JlnH 

OITpe]leneHHH rrapaMeTpOB HOHHOH IIMITnaHTaUHII (Jl03bi H 

9Hepf'IIH IIMITnaHTaUHII), a TaK2Ke JlnH H3y'IeHHH BnUHHHH 

OT:lKHf'a H ITOBTOpHbiX HMITnaHTaUHH Ha pacrrpeJleneHue aTo

MOB 6opa a KpeMHUII. B o6nacTu aHepruH uMrrnaHTauuu 

20-80 KaB Haxo]lunu 3aBHCIIMOCTb RP u ~RP oT aHepruu 

HMITnaHTaUHH ( p If C. 8) • l13 pucyHKa BHJlH0 0 'ITO pe3y1JbTaTb! 

HaiiiHX H3MepeHHH XOpOIIIO cornacyiOTCH C TeopeTH'I9CKHMH 

JlaHHhiMH no Rp u Ha6niOJlaeTcg HeKoTopoe - Ha Haiii 

B3rnga, OJlHaKO, HeCyiiieCTBeHHOe - paCX02KJl9HHe 8KCITepu

MeHTanbHb!X H TeopeTH'IeC"KHX 3Ha'I9HHH ~Rp rrpH 8HeprHH 

uMrrnaHTaUHH 10 - 50 KaB. K co:lKaneHHIO, JlnH aToH aaepre

Tu'IeCKOH o6naCTH HeT JlpyrHX 8KCITepHMeHTanbHb!X JlaHHbiX, 

Ha OCHOBe KOTOpb!X MO:lKHO 6binO 6bi OTCTauaaTb rrpaBHilbHOCTb 

TeOpHH HnH pe3ynbTaTOB 8KCITepHM9HTa Jlng JlaHHOH o6naCTH 

aaepruH. 

OrrpeJleneHHOe HaMH KOnH'IeCTBO HMrrnaHTHpoaaaaoro 

B KpeMHHH 6opa D N 6hinO cpasaeHo c JlaHHbiMH (DE ) , 
KOTOpb!e 6binH nony'IeHbl ITyTeM H3MepeHHH TOKa B XOJle 

rrpouecca HMrrnaaTaUHH (Jl03bi a MKKn•cM-2 ) (puc.9). 

B HacTOHIIIee apeMSI Mbi He M02KeM JlaTb rrpaaHnbaoro 

o6'bHCH9HHSI pacX02KJl9HHH M92KJlY DN H DE • no-BHJlHMOMy, 

JlOITyiiieHa KaKaH-TO CHCTeMaTH'I9CKag OIIIH6Ka B MeTOJle 

aneKTpU'IeCKHX H3MepeHHH. 
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PH c. 7. AnnaparypHbiH cneKrp ( o ) 
o6pa3U8 KpeMHHSI,HMnnaHTHpOB8HHOrO 

HOHaMH 10B c ]loaoii 1000 MKKn•cM-2 

npH sHepruH 30 KsB, H ero o6pa6or

Ka MeTOJJ.OM JleKOHBOniOUHH ( • J • 

1 
I 

l 

[A.l 

103 

20 30 40 50 70 90 Ei 

pH C, 8. 3~BHCHMOCTb Rp ll ~Rp or 8HeprHH uMnnaHyauuii • 

-X- X -X ~ - flO HaWHM H3MepeHHSIM, -~-~-!l ~~-

no H8WHM H3MepeHHSIM, 

Bbie no Epaiicy • 

- reoperuqecKHe KpH-
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Ei 

--~ .J BF2 •••• A 

I / I 
60 

40 e& A 

" )( 

20 

2 3 4 5 Dn/De 

pH C • 9. 0THOllieHHe .ll03 .llnSI pa3nH'IHblX 9Hepi"HH HMIInaH

T8UHH (E i ) , OIIpenenHeMbiX Sl,llepHo-ljlH3H'IeCKHM MeTO.llOM 

(ON) H MeTO.llOM aneKTpH'IeCKHX H3MepeHHii (DE). DE = 
= 2000 MKKn•cM-2 • 06o3Ha':leHHH: o6pa3Uhi c pa3nH':IHhi

MH 9Hepi"HSIMH HMIIn8HT8UHH, HO HMeJOIUHe O.llHH8KOBhie pa3-

Mephi, Ha pHCYHKe o603Ha':leHbi O.llHH8KOBbiMH 3H8K8MH
0 

o - KOHTponbHhie H3MepeHHH, BhmonHeHHhie qexocnosau

KHMH y'leHhiMH B 11 HCTHTyre AH t.JCCP Ha rex .lKe o6pa3-

uax, x - o6pa3Ubl 6binH IIpHI"OTOBneHbi B 11A3 HM.Kyp

'18TOBa. 
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I 
T 
I 

~ 
! 

Ha p "c. 10 noKa3aHo pacrrpeneneHue HMIInaHrupoBaHHhiX 

8TOMOB 6opa B KpeMHHH .[lnSI O.llHHaKOBbiX .ll03 

(2000 MKKn•CM-
2 = 1,25·10 1610 B aTOMOB•CM-2 ), HO 

pa3mPIHhiX 9Hepraii:. 

Ebmo TaKlKe H3y'leHo nepepacrrpeneneHHe HMrrnaarupo

BaHHhrx aTOMOB 6opa IIOJl BnHHHHeM OT)KHI"a (pH C. 11 H 

12). llnH OIIpeneneHHSI BOCITpOH3BOJlHMOCTH HalliHX pe3ynb

TaTOB COCTaBneHa T a 6 n H U a, B KOTOpOii IIOKa3aHbl )laHHbie 

H3MepeHHH O.llHOI"O H TOI"O )Ke o6pa3Ua C IIOBepXHOCTbJO 

7,8 CM 
2 

H no3oii HMrrnaHTaUHH 2000 MKKn•cM-2 • BpeMH 

H3MepeHHH, KBK H BO BCeX 9KCIIepHMeHTaX, COCTaBnHnO 

10-20 '1. llHcrrepCHSI orrpenenHnacb no ljlopMyne 

I.(xi -x )2 
S=V . 

n-1 

flo naHHbiM Ta6nHUbl BH.llHO, 'ITO JlHCIIepCHSI BOCbMH 

rrapannenbHhiX H3MepeHHH - 4,6%. OrMeTHM, 'ITo orrpene

neHHe conep)KaHHH 6opa B npyrHx o6pa3uax o6bi'IHO rrpo-

BO.llHnocb .llBa pa3a (ITOBepXHOCTh o6pa3UOB 3,5710 CM 2 ) 

H paCXO)K,lleHHe pe3ynhT8TOB He rrpeBblliiano 15%. 

Ta6naua 

TipoBepKa BOCITpOH3BO.llHMOCTH H3MepeHHH 

Ng rrapannenhHhiX 

H3MepeHHH 

'IHCnO HMITynhCOB 104 X. 
X= 1 

6opa 

Xi 

MOHHTOpa MOHHTOp 

1 
2 
3 
4 
5 
6 
7 
8 

X= 1021; 

1785 
2791 

344 
2607 
1302 
2794 
2182 
2056 

s= 47 = 4,6%; 

17500 
29074 

3544 
24637 
11795 
28929 
20435 
20212 

X= 1021:!:.47 

1020 
962 
971 

1058 
1103 

966 
1068 
1017 

15 
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,. 
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--~ . _,.... ..\, 
/ ;s '\ 

"' '1. I '1, 

X f "\ \ 
I \ 

I \ 

I \ \ 
I >< \ 

f \ \ / \ 

I I 

~ 

I 
~ 

I 

I 

/ "\ \ 

\ \ 

1019 

I , 
I 
I 
I 

6 
I 
I 
I 
I 
I 
I 
j 
I 
I 

\ \ 
\ \ 

0,1 0,2 0,3 0,4 0,5 d 

PH c. 1 O. Pacrrpeneneaue aTOMOB 6opa B KpeMHHH. llo3a 
HMrrnaarauufi - 2000 MKKn·cM -2 

---- - 10 K98 ~ 
-x-x-x - 60 K98 10s+, 
-o- o-o- - 80 K98 

- o--o--- - 80 K9B - BF+ 
2 ' 

C - KOHUeHTpaUH.H lOB (aTOMfCM 3 ), 
( MKM). 

d - rny6HHa 

16 

c 

t 

0 0,1 0,2 d 

P H c. 11. BnH.HHHe OT)KHI'a aa pacrrpeneneaue aTOMOB 6opa 
B KpeMHHH. Ei = 25 KsB; DE = 2000 MKKWCM-2 , c-

KOHUeHTpaUH.H tO B ( aTOM/cM3 ) , d - rny6HHa ( MKM), 

--o--o-o- - 6e3 OT)!(Hf'a. - OT)KHI' B HHepT-

HOfi 8TMOC~epe ITpH 400°C B TeqeHHe 30 MHH. 

17 



c 

Puc. 12. Bnusmue OT.>Kura Ha pacnpeaeneaue aTOMOB 6opa 
B KpeMHHH. E i = 40 KsB, DE = 2000 MKKnlcM 2 , c -

10 KOHUeHTp8UHSI I3 (aToM/CM3 ) ; d - rny6HH8 
( MKM), --- - 6e3 OT}!{Hf'a, -o-o-o - OT.>KHf' B HHepT
HOH 8TMOC!IJepe llpH 900°C B Te'ieHHe 30 MHH. 
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l13MepeHHSI HB HMnynbCHOM peaKTOpe I1EP-30 llOK838nH, 
'ITO npa HCll~nh30BaHHH MeTOil8 BpeMeHH nponeTa MO.>KHO 
onpeaenSITb R P a pacnpeaeneaue 6opa npa noToKe TennoBbiX 
ae:iiTpoaoa acero 106 aeii:Tpoaoa/cM 2 •c aa o6paauax c 
KOHileHTp8IlHeii 1015 1% . aTOMOB•CM - 2 • Tiony'leHHbie 
aaa'leHHSI Rp xopowo cornacyiDTCSI c TeopeTa'leCKBMH aaa
qe&BSIMB npo6eroa. To'IHOCTb onpeaeneHHSI RP cocTaBnSieT 
±.2oo A • 
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