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7- 11142 ~OCTOIIeCKY C. H ap, 

VI3Mepeaue BpeMeHH 

peaKUHH 238 U ( 3 He , 

~H3HH B036y~aeaaoro cocTaBHoro ~apa B 

f) C llOMOIUbiO a¢¢JeKT8 TeHeH 

VI3Mep~OCb BpeMH ~H3HH COCT8BHOrO ~Up8 nnyTOHHH-241 npH 3HeprHH 

B036y~ueHHH 42 MaB, o6pa3oBaHHoro e peaKUHH 238u + 3He npu aaepruu 

HOHOB reliHH 33 MaB. MHIUeHbiO CIIY~HII MOHOKpHCT81III H3 aByOKHCH ypaHa. 

B Ka"'eCTBe pa60"'HX ocell 6hrnH Bhi6paHbi Han6onee nnoTHoynaKoBaHHhie KpH-

CTannorpatPH"'eCKHe OCH < 110>, KOTOpb!e OpHeHTHpOB81IHCb llOU yrliBMH 110° 

115° H 170° no OTHOIUeHHIO K ny"'KY HOHOB, Ha61IIOU81ICH 3tPtPeKT p831IH"'HH 

rny6HH TeHeBbiX MHHHMYMOB B yrliOBOM pacnpeUelieHHH OCKOIIKOB ll81I8HJUI 

tlX-;¢¢ = 0,0:.:!9 :!:_0,015, ltOTOpbllt COOTBelCTB}eT 3tPilJ8KTHBHOI'v!Y BpeMeHH ~H3-

HH C0CT8BHOrO Sl,!lp8 r3$$ =-2,8 • 10'"'
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C, 

Pa60T8 BblllOIIHeH8 B Jla6opaTOpHH HUepHbiX peaKUHli 0115111, 
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BBEnEHI1E 

Tiony"'eHHhiH K HacTosnueMy epeMeHH oo'beM aKcnepH

MeHTanbHhiX ,ll8HHbiX no BpeMeHaM )!{Il:3HH B030y)K,ll8HHbiX 

COCTBBHbiX SI,!J,ep, Ii3MepeHHbiM C nOMOmhiO a4J4JeKT8 TeHeli, 

MO)KHO paa.uenHTh Ha .uee rpynnhi, O.uaa rpynna .uaHHhiX 

OTHOCHTCSI K 9HeprHSIM B030Y)K.U8HHSI ,llO 10 MaB, ,upyraSI -

K o6naCTH OT 60 ,llO 120 MaB 11/. nnSI npoMe)KyTO"'HOll 

o6nacTH no aaeprHH eoaoy)K.ueHHSI oT 10 .uo 60 MaB c.ue

naao 8.UHHCTB8HHOe H3MepeHHe, KOTOpoe ,uano BepXHIOIO 

rpaHHUY epeMeHH )Klf3HH COCT8BHOro SI,llpa 242pu (r < 10-17c), 
o6paayiOmerocSI B peaKUHa 238 U(a, f) npH o6nyqeHHH 

MOHoKpHcTanna UO 
2 

a -"'aCTHUaMH c aaeprHeli 25 Maa12/. 

8 CBSI3Ii C no'l:Tli nonHhiM OTCyTCTBHeM 9KCnepHM8HTanh

HOll HH4JopMaUHH npe,ucTaBnSino HHTepec npoee.ueHHe H3Me

peHHSI BpeMeH )Klf3Hii B rrpoMe)KyTO'iHOM ,llH8IT830He 9HeprHH 

B030Y)K.ll8HHSI, 

3KCTIEPI1MEHT 

MoaoKpHcTannH'ieCKaSI MHmeHh UO 2 o6nyqanacb nyq

KOM HOHOB 3 He c aaeprHeli 33 MaB UHKnoTpoHa Y-120 
I1 HCTHTyTa SI.Uepaoli 4JH3HKH H TexHonorHH ( EyxapecT). 

0CKOnKH ,ueneHHSI perHCTpHpOBanHCh CTeKnSIHHbiMH ,lleTeK

TOp8MH1 pacnonO)K8HHbiMH Ha paCCTOSIHHl:l 140 MM OT MH

III8HH B reoMeTpHH, ITOK838HHOH HnniOCTpaTHBHO H8 pH C, 1, 
TeHeBhie MHHHMYMhi HaoniO,uanHCh B Tpex HanpaeneHHSIX, 

COOTBeTCTByiOmHX KpHCTannorpa4JH"'8CKHM OCSIM <110>, 
KOTOpbie HMenH O.UHH8KOBbl8 yrnbJ Bb!XO,ll8 H3 MOHOKpHCTan-
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CTeKnHHHhie neTeKTOpbl OCKOnKOB neneHUH, pacnono~eHHbie 
non yrnaMH, COOTBeTCTBeHHO, 110 °, 115 ° H 170° no 

OTHOllleHHIO K HanpaBneHHIO nyqKa 6oM6apnupyiOIUHX qaCTHU. 

na. flpenaap!ITenbHBH OpHeHTBUHH MHllleHH OCyiUeCTBnH
nacb Ha nyqKe HOHOB 16 0 TaHneM-reHepaTopa l1 H<t>T 
c 8Heprueil: 20 MsB no Ha6niOneHHIO TeHeaoi1 KapTHHhr 
ynpyro pacceRHhlX uoHOB Ha neTeKTopax !i3 Tp!IaUeTaTa 
uenniOn03bl nocne TpaaneHuH ax B pacTaope menoqa NaOH 
c nocnenyiOIUei1 KoppeKuHeil: yrnoa ycTaHOBKH MHllleHH Ha 
roHHOMeTpe. B 8KcnepuMeHTe ucnonbsoaancg roHuoMeTp, 
on!ICBHHbiH B pa6oTe /3/, UMeiOIUIIH ToqHOCTb ycTaHOBKH 
yrnoB 0,5 °. Ll!iaMeTp nyqKa UOHOB COCTaBnRn 0,6 MM, 
qTo o6ecne'maano yrnoaoe paspellleHae oKono 0,25 °, 

06nyqeHue npoaonanocb B TeqeHae 13 q npa cpenHeil: 
aemPmHe TOKa 3He Ha MUllleHb 4 HA. flocne o6nyqeHHH 
nereKTOpbi nonaepramrcb TpaaneHuin s TeqeHHe 5-7 MHH 
B 3,5%-HOM paCTBOpe flf' ripli KO~!Hd rHOll TeMnepaType. 

flpOCMOTp .nereKTO!Il•ll 1!pOU3BOt.UWCH C nOMOIUbiO OnTH-
qeCKOf'O MHKpocKona ll II H<t>T ( 6yxapecT) H flHP Ol1Hl1 
( llyfiHa) riO :I.I,'TOtlHK• ·, f!OJlpOfiHO UI!HC8HH· •li B pafioTe /4/, 

4 

KOTOpag n03BOnReT pePHCTpHpOB8Tb pasnaqae rnyfiHH Te-
Heil: L'lx, ecna oHo He MeHbllle qeM 2-3%. 

OnpeneneHHe ueHTpOB TeHeBbiX MHHHMYMOB ocymecTang
noCb no KpHTepHIO HBHMeHbllleH cyMMbl TpeKOB B KBanpa
Te as 81 (9x9) nong speHHR. 

06naCTb H3 81 nang 3peHHH 38HHMaeT CpaBHHTenbHO 
6onblllOH yrnoaoil: HHTepnan OTHOCHTenbHO, nonylllHpHHbi 

TeHH, TeM He MeHee TaKaR nnomanb 6bma Heo6xonaMa 
ang llOCTH*eHHH tlOCTaToqHoH CTBTHCTHqecKOH TOqHOCTH 
nenaqaH X· 3To, ecTecTaeHHO, npaaonano K yxynllleHHIO 
yrnoaoro paspellleHHR onbrTa H saabrllleHHIO aenaqaH x 
Ha aenaqaHy ox yrJJ. . Baany pasnaqug naHeil:HbiX lllHpHH 
TeHei.f, CBH38HHOf'O C HeKOTOphlM pasnaqueM paCCTOHHHM 
neTeKTopoa oT MHllleHH u He6onblllHM pasnuqaeM yrnoaoil: 

lllUpHHbl TeHH, BKnan OX yrJJ. tlnH OCeil:, Op!WHTHpOBBHHbiX 
non yrnaMH 110 o, 170° H 115 °, 6bin pasn!IqHhiM. An

npoKCHMHPYH ¢opMy TeHH B pail:OHe MUHHMyMa B nepBOM 
np!i6nu*eHHu napa6ono!InOM apameHuH, MO~Ho nonyqHTb 
Bhrpa~eH!Ie ans pacqeTa nonpaaoK ox yrJJ. ans cnyqas 
o6nacT!I npocMoTpa, uMeiOmeil: ¢opMy KBanpaTa: 

ox yrJJ. 
a2(1-~ 

3kb2 + a2 

rae a - cTopoHa KBanpaTa B ueHTpe TeHH, b - nonHaH 
lllHPHHa TeHu Ha nonoauHe rny6HHhi, k - Kos¢¢uuueHT, 
yqHTbiBBIOIUHM OTKnOHeHUe ¢opMbl TeHH OT napa6onOUJl8 
BpameHUH, KOTOpb!M MO*HO onpenenHTb U3 pa3HOCTH Be
nuqHH x. nonyqaeMbiX npu pasnuqHhrX pasMepax npo
cMaTpaaaeMoi1 o6nacTH B ueHTpe TeHH. 

PE3YflbTAT~ 3KCTIEPI1MEHTA 

PesynbTaTbl npOCMOTpa TeHeBOf'O MUHHMyMa nnH OCH, 
pacnono*eHHoil: non yrnoM 110° aaonb nHHHH, nepeceKaiO
meil: ueHTp oceaoil: TeHu <110>, noKa3aHhi Ha pH c. 2. 
ToqKH Ha pucyHKe OTHOpMHpOBBHbl K enHHUUe, KOTOpag 
COOTBeTCTByeT CTBTHCTHKe OKOno 90 TpeKOB B none 3pe
HHH nnOIU8JlbiO - 0,1 X 0,1 MM 2, CaeTnhie ToqKH B 06-
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PH c. 2. KapTHHa TeHH B yrnoaoM pacnpeaeneHHH ocKonKOB 

aeneHHSI B6nH3H OCH <110> MOHOKpHCTanna U0
2

, OpHeH

THpOBBHHOH noa yrnoM 110° K nyqKy. 

6 

~ 
I\ 

\ 
I 

naCTH MHHHMyMa TeHH HMeJOT nyqruyJO CT8THCTHqeCKYJO Toq

HOCl'b, TBK KBK OHH paccqHT8Hhl no ql{CnaM TpeKOB, onpe

aeneHHhiM B KOHUeHTpHqeCKHX 38MKHYTbiX o6naCTSIX BOKpyr 

aafiaeaaoro ueHTpa TeHHo 

BenHqHHhi x anSI Tpex ocefi a 3aBHCHMOCTH oT sin 2e, 
nonyqeHHhie no pe3ynbTaTaM npocMoTpa ueHTpoa Teaefi, 

c yqeToM nonpaaoK aa yrnoaoe pa3perneHHe onbiTa npea

cTaaneHhi Ha pH C 0 3. C nOMOIUblO MeToaa HBHMeHblliHX KBa

apaTOB qepe3 aKcnepHMeHTanbHhie ToqKH 6hrna npoaeaeaa 

npSIM8SI H onpeaeneHO 3HaqeHHe ~X 3<!J<!J = 0,029;!:.0,015. 3<fl

<fleKTHBHOe BpeMSI *H3HH COCTBBHOrO Siapa CBSI38HO C 

~X 3<P<P BhiPa*eHHeM I 21, nonyqeHHhiM a ynpomeHHhiX 

npeacTaBneHHSIX 0 npouecce <flopMHpOB8HHSI TeHH npH aBH*e

HHH 3apSI*eHHhiX qaCTHU B MOHOKpHCTannax: 

~x3qrp = 211CNd(vr
3

<P<P ) 2 (sin
2 e1 -sin

2 e
2
), 

rae C =2,5, d = 3,868 • 1 o-S CM anSI OCH < 110 > MOHOKpHC-

Tanna UO 
2

, N =2,44. 10 22 cM -s H v =5,15 .to 7 cM/c -

CKOpOCTb OTaaqH COCTBBHOrO Siapa. 0TcJOaa 6binO nonyqeao 

r 3<!J<b =2 ,8 • 10 -l 7 c, COOTBeTCTBYJOlllee HCXOaHOH 8HeprHH 

B030Y*aeHHSI COCTaBHOro Siapa 241pu 42 MaB • .HanSie•TCSI 

B03MO*HhiM npHMeHeHHe anSI nepexoaa OT ~X 3¢lJ K r 3 <!J<!J 
apyrHX <flopMyn, KOTOpbie MOryT aal'b T 

3
<!J<!J , OTnHqaJOIUeeCSI 

a 1 ,5 - 1 ,6 pa3 a 6onbruyJO HnH MeHblliYJO cTopoay. Tpyaao 

CK838Tb, KaKaSI H3 8THX <flopMyn aaeT 6onee npaBHnhHbiH 

pe3ynbTaT. 3TO 38BHCHT OT TOqHOCTH MoaenHpOBBHHSI npo

uecca <flopMRpOBBHHSI TeHH IIpH BbiBOae <flopMyn, a TBK*e 

OT BHaa BpeMeHHOH <f!yHKUHH pacnaaa COCTBBHhiX Haep. EcnH 

BpeMeHHBSI <f!yHKUHSI HMeeT HeCKOnbKO KOMnOHeHT, B TOM 

qHcne H aonrO*HBYIUHe, TO 6onee npaBHnbHbiM SIBnSieTCSI , 

nO-BHaHMOMY, npHMeHeHHe <flopMynhi H3 pa60Tbi /5/. 

OBCY)KnEHl1E 

Ha6nJOaaeMoe HBMH ae6onbruoe 3HaqeHRe ~X 3 cptiJ MO*eT 

06'bSICHSITbCSI cneayJOIUHMH npuqHHBMH. 

B aenHqHHY ~X 3<P<P MO*eT aaaal'b BKnaa npouecc aene
HHSI TSI*enhiX npoayKTOB npSIMbiX peaKUHH Ha SlApe ypaHa. 
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PH c. 3. 3aBHCHMOCTb BeJIH'lHH x oT sin2 (} anSI oceii 
<110>. 

M~)!(HO rrpeanonaraTb, 'IT: BKJ18.[{ B ~X 3<!J<!J OT T8KHX peaK
UHI1 HMeeT OTpliU8TeJibHbii1 3H8K, T.e. yMeHblllaeT H8DJ1!0.[{8-

eMblll 9~~eKT. 3To, KaK noKa3auo B pa6oTe I 4/ nnSI peaK

uuii C TSI)!(eJiblMH HOH8MH, B03HHK8eT 38 C'leT KHHeM8Tli'leC

KHX OCOOeHHOCTeii npSIMbiX peaKUHH. LlnSI peaKUHll C 3He 
TaKoii pac'!eT He nposoaunc.s~. HeHa6moaeHHe ~X3¢¢ /2/ 

8 

! 

'4' 

... 

B peaKUHH 
238

U +a He SIBJISieTCSI .[{OK838TeJibCTBOM M8J10ll 

ponu rrpouecca aeneHHSI nocne peaKUHH nepeaa'lH, TaK KBK 
9T8 peaKUHSI H3y'leHa llplf 3H8'lHTeJibHO MeHbllleH 9HeprHH 

6oM6apaHPYlOIUeii 'l8CTHUbi. 

3Ha'lHT8J1bHblH BKJ18.[{ B ~X 3dJ<iJ M0)!(8T BHOCHTb U8J18HI1e 

nocne HCnapeHHSI HeiiTpoHoB/6( B 9TOM cnyqae paccqlf

TaHHoe Bp8MSI )!([{3HH T CJ<j:¢ M0)!(8T OK838TbCSI B H8CKOJ1b

KO pa3 DOJlbllle, '18M Bp8MSI )!(lf3HH COCT8BHOrO Mpa npH 

HCXO.[{HOH 9HeprHH B03DY)!(.[{8HHSI. LlJISI Mep ITJIYTOHHSI Be-

JlH'lHHbl I'r/I' n He o'leHb BeJIHKH, no9ToMy BKnaa aeneHHSI 

llOCJ18 HCIIapeHHSI O.[{HOro HJIH HeCKOJlbKHX H8HTpOHOB MO)!(eT 

DbiTb He ManhiM. CneayeT oTMeTHTb TaK)!(e, 'ITO B H3yqeu

Hoil peaKUHH cocraBHoe MPO SIBJISieTcSI qeTHo-He'leTHbiM 

B oTJIH'lHe oT 242pu. BcneacTBHe Toro, 'ITO 'leTHo-He'leT-

Hoe MPO o6naaaeT MeHbllleil aeJIHMOCTblO (6oJibllle pa3-

HOCTb B r - B n ) no cpaBHeHHlO c 'leTHo-qeTHbiM SiapoM, 

BKnaa aeneHHSI nocne HcnapeHHSI HeiirpoHOB MO)!(eT DbiTb 

6oJiblliHM .llJISI peaKUHH 238u + 3 He, '!eM ang peaKUHH 
238u +a • 

ABTOpbl Bblp8:>K8lOT 6naroaapHOCTb aKaaeMHKy r .H .ct>ne
poBy H npo~eccopy l1.TierparnKy 3a no~\aep:>KKy pa6oThi, 

a ·TaK)!(8 KOJ1J18KTHBY YCKOpHT8J1SI Y -120 !1.Hct>T • 
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