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1. BaeAeHHe 

npH OflHCaHHH HA9pHbiX peaKUHlt C YCKOpeHHblMH TSOKenbiMH HOHBMH 

qacTo non&ayroTCH MOAen&ro cocTaBHoro HApa AnH pacqeTa cneKTpoB H 

yrnOBbiX pacnpeAeneHHlt npoAyKTOB peaKUHlt H OTHOllieHHlt lliHpHH pacnaAa 

COCTBBHOro HApa no paanHqHblM KaHanaM ( rn I rl rn I rp 
r n Ira I ••• ) • nonyqeHHble 3MnHpHqecKHe 38KOHOMepHOCTH H3M9H9HHH 

r n I r I B 38BHCHMOCTH OT z H 3HeprHH Boa6y;)f(A9HHH COCTaBHbiX SIA9p 

cpaBHHBaroTCSI 06biqHo C BbiqHcneHHSIMH1 BbinOnHH9MblMH B OAHOM H3 AByX 

npennonO;)f(9HHlt 0 BHAe !jlyHKUHH nnoTHOCTH YPOBHei!: COCTaBHOro SIApa OT 

3HeprHH Boa6y;)f(A9HHSI p ( E} • nnH cna6o AenSIIUHXCSI SIAep ( rn ;r I ·>> l) 

Hcnon&ayeTcg MOAen& !jlepMH-raaa, B KOTopolt p ( E} - exp y 2 o E 
1 

AnSI SIAep c z '> 90 ( r n I r, . ~ l ) npHM9HH9TCSI MOAenh c nocTOSIHHOlt 

E 
TeMnepaTypolt - p ( E } - exp ~ • E cnH nepaag MOAen& HMeeT AOCTaToqHo 

rny60KHe !jJHaHqecKHe OCHOB8HHH1 TO BTopag 9CTb no-cyrueCTBy nonyaMnH-

pHqecKaH MOAenh, OCHOB8HH8SI Ha cornaCHH C OflhlTOMo 

HecMoTpH Ha o6ocHoBaHHOCTb,npH HcnonhaoaaHHH MOAenH !jlepMH-ra-

38 BCTpeqaroTCSI onpeAeneHHble TpyAHOCTH B CBSI3H C OflHC8HH9M 3KCnepH

M9HTan&HbiX ABHHbiX. B PR.Qe cnyqaea npHXOAHTCH BapbHpoaaT& napaMeTpbi 

·s 



nnoTHOCTH ypoBHeA 0 n t 0 I C H3MeHeHHeM aHeprHH Boa6y>K.LleHHSI COCTaB

HOI"O Hapa, 3TO cyweCTBeHHO CHH~eT UeHHOCTb MoaenH, CneayeT OTMe-

THTb TaK>Ke, 'ITO CornacoBaHHe TeopeTH'IeCKHX H SKCDep&MeHTanbHblX 3Ha

'leHHA r n I r, aoCTHraeTCH, Boo6me I"OBOpH, HeoaH03Ha'IHbiM Bbi60p0M na-

paMeTpOB nnOTHOCTH yposueA 0 n H 0 I • BenH'IHHa rn I r I BeCbMa 

'IYBCTBHTenbH8 K OTHOWeHHIO 0 n I 0 I • a He K a6coniOTHOA BenH'IHHe Toro 

. H 1 111 
H apyroro napaMeTpa. a puc. , B3HTOM H3 pa6oTbl , aeMOHcTpHpyeT-

CH HeoaH03Ha'IHOCTb Bbl6opa napaMeTpOB 0 c H 0 I DpH ODHC8HHH SKene": 

pHMeHTanhHOA !flyHKUHH soa6y>K.LleHHH peaKUHH aeneHHH 170 Er ( 16 0, I ) , 

a TaK>Ke paauornacue Me>K.Lly aKcnepHMeHTOM H pac'leTaMH, BhmonHeHHblMH 

anH n106oro ua6opa napaMeTpos, ecnH aTH napaMeTpbl He aaBHCHT oT aHep-

rHH soa6y>K.LleHHH. AuanorH'IHble BbiBOabl MoryT 6b!Th caenaHbl ua aHanuaa 

apyrux aKcnepHMeHTanbHbiX aaHHblX. OTMe'_I'HM ewe oauo npoTHBope'IHe: 

ecnH ucnonb3osaTb napaMeTpbl nnoTHOCTH yposueA oc H 01 Ha ypOBHe 

1: ... ~ . aaiOwHe uennoxoe ODHCaHHe OTHoweHHA r n I rl • TO 

a6coniOTHble 3Ha'leHHSI WHpHH rn H r 1 t nonyqaeMble B pac'leTe, OK8-

3biBaiOTCSI 'lpe3MepHO 6onbWHMH. nnH aueprHA B036y>KaeHHSI OKono 100 Mas 

MO>KHO nony'IHTb 3H8'1eHHSI rn 
...... 

>KH3HH COCTaBHOJ"O Hapa MeHbWe 

H J' 1 t COOTBeTCTByiOwHe BpeMeHaM 

-22 
10 ceK. CTonb KopoTKHe speMeHa >KH3-

HH DpOTHBOpe'laT CaMOit KOHUeDUHH COCTaBHOI"O Hapa, KOTopaH HBnHeTCSI OCHO

BOA pacqeTa H noaTsep>K.LleHa aKcnepHMeHTBnhHO (uanpHMep, suaoM yrno-

BhlX pacnpeaeneHHA OCKOnKOB aeneHHSI H !flyHKUHA B036y>KaeHHSI peaKUHA 

THna HI, xn )). 

B MoaenH C DOCTOSIHHOA TeMnepaTypoA a6coniOTHble 3Ha'leHHSI BpeMeH 
-17 -18 

>KH3HH cocTaBHblX Haep HMeiOT nopHaoK senH'IHH 10 t- 10 ceK, KpoMe 

Toro, npeacKa3b!BaeTCSI DOCTOSIHCTBO WHpHH r n 1 r I H HX OTHOWe-

HHA rn I r I c poCTOM aHeprHH Boa6y>KaeHHSI Hapa, 'ITO npOTHBope'IHT 

aKcnepHMe.HT8nbHbiM aaHHbiM 0 r n I r, anSI COCTaBHbiX Haep c z c < 80. 

4 

11:,, 
'~ ' 

· .. ~Jt.% . 
)1;11:. 

'\;~~;' <1~·~: 
r(f' 

:~{ 
:. 

.. 1\1: 

·~ 

11a scero cKaaaHHoro cnenyeT, 'ITO a6coniOTHbie aHa• 

rn rf 'lpe3Bbi'IaHHO 'IYBCTBHTenhHhl K Bbl6opy sap! 

qeCKOH MOnenH COCTaBHOI"O Hnpa H ~eHOMeHOnOI"H'IeCKHX HI 

neil. noaToMy rrpencTaBnHeT 6onhwoi! HHTepec rrony'leHHe ~ 

naHHhlX 0 BpeMeHaX >KH3HH COCTaBHhiX Hnep, 

J13MepeHHe BpeMeH >KH3HH COCT8BHhiX snep B nHanaac 

cTano soaMo>KHhiM s nocnenuue ronbi npu ucnonhaosaHHH ~ 

uoro ua ua6n10aeHHH ~~eKTa Teuei! s yrnoBbiX pacnpenene 

/2 3/ 
HnepHOA peaKUHH Ha MOHOKpHcTannH'I9CKOH MHWeHH t 

9TOT MeTon 6bin ITpHM9HeH nnH H3MepeHHSI BpeMeH >KH3HH < 

o6paayiOWHXCSI ITpH o6ny'leHHH MOHOKpHCTanna BOnh~paMa H 

16 0 22 H . e • '!'eHH Ha6niOnanHch B yrnoBbiX pacrrpene 

KOB neneHHH. Bhlna aa~HKCHposaua paauuua rny6HH TeueA 

TH'IHblX KpHcTannorpa~H'IecKHX ocel! < lll ·> , uarrpasneHI 
0 IJ 

MH 90 H 160 K rryqKy. B crreuHanhHbiX aKcnepHMeHTax 61 

'ITO paauocTh rny6HH Teuei! ~X = X 
90 0

- X 1600 cssraaua < 

MeHeM >KH3HH COCTaBHOI"O Hnpa, H nony'leHbl 3Ha'leHHSI Bpe! 
-18 

ypOBHe (2-5) 10 ceK, 

noCKOnhKy 6bin HCITOnh30B8H MOHOKpHCTann H3 Bonh¢'J 

HOI"O H30TOITHOI"O COCTaBa, TO rrony'leHHbJe BpeMeHa >KH3HH 

OTHeCTH K pacnany cocTaBHoro Hapa c Bnonue onpeneneHHC 

rHeA Boa6y>K.LleHHSI, 

B uacToHwei! pa6oTe rrponenaHbi aKcnepHMeHTbi no H3 

>KH3HH COCT8BHbiX Hnep, o6pa3yiOWHXCSI rrpH o6ny'leHHH MOHI 

MHweHeA H3 paaneneuuoro HaoTona Bonh~paMa-186 (o6orau 

T8HTana ecTeCTB9HHOJ"O H30TOITHOI"O COCT8Ba ( IBJ·ro -99, 

MH HOHaMH "s 12 c 16 0 22 He llp np 

aHeprHH 0 
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1-13 acero cKa3aHaoro cnenyeT, 'ITO a6comoTHbie 3HaqeHHSI ll!HpHH 

rn r, 'lpe3Bbi'I8MHO 'IYBCTBHTenbHbl K Bbi6opy BapHBHTa CT8THCTH-

qecKoii MonenH cocTaBHoro Sillpa H ~eHoMeaonorHqecKHX napaMeTpos Mone

neii. IToaToMy npencTaBnSieT 6onbll!Oi1 HHTepec nonyqeaHe aKcnepHM~HTanbHbiX 

llBHHbiX 0 BpeMeHaX )f{H3HH COCT8BHbiX Sillep, 

Yf3MepeHHe BpeMeH )f{H3HH COCTaBHbiX snep B llHana30He T -15 < lQ CeK 

cTano B03MO)f{HbiM B nocnenHHe ronbi npH Hcnonb30BBHHH MeTona, ocaosaa-

uoro ua aa6moneHHH a¢~eKTa TeHeii B yrnoBbiX pacnpeneneHHSix nponyKTOB 

/2 3/ /4 5/ SIJJepHOM peaKUHH Ha MOHOKpHCTannHqecKOM MHll!eHH t • B pa6oTaX ' 

8TOT MeTOll 6bin npHMeHeH JlnSI H3MepeHHSI BpeMeH )f{H3HH COCT8BHbiX Sillep, 

o6pa3yiDll!HXCSI npH o6nyqeHHH MOHOKpHCTanna BOnb~paMa HOH8MH 72 ( 
16 

0 . 
22 

He • TeHH aa6niDnanHcb B yrnoBbiX pacnpeneneHHSIX ocKon-

KOB neneHHSI, Bbina 3a~HKCHposaua pa3HHua rny6HH TeaeA nnSI nsyx HlleH-

TH'IHbiX KpHcTannorpa~H'IeCKHX oceii < lll ·> , aanpasneHHbiX non yrna-
o o-

MH 90 H 160 K nyqKy. B cneuHanbHbiX aKcnepHMeHTax 6bJnO noKa3aHo, 

'ITO p83HOCTb rny6HH TeHeii L\x = X 
90 0 - X 

1600 
CBSI38H8 C KOHe'IHbiM Bpe

MeHeM )f{H3HH COCTBBHOro SIJlpa, H nony'leHbl 3HB'IeHHSI BpeMeH )f{H3HH Ha 

( -18 
ypOBHe 2-5) 10 CeK, 

ITDCKOnbKY 6bin HCnOnb30B8H MOHOKpHCTann H3 BOnbcjlpaMa ecTeCTBeH

Horo H30Tonaoro cocTaBa, To nonyqeHHhie BpeMeHa )f{H3HH aenb3SI 6binO 

oTuecTH K pacnany cocTaBHoro SIJJpa c Bnonae onpeneneaaoii Maccoii H aaep

rHeii B036y)f{JleHHSI, 

B HacToSimeii pa6oTe nponenaHbi 8KCnepHMeHTbi no H3MepeHHID speMeH 

)f{H3HH COCTBBHbiX Sillep, 06pa3yiDIIlHXCSI npH o6ny'leHHH MOHOKpHCTannH'IeCKHX 

MHllleHeii H3 pa3neneaaoro H3oTona Bonb~paMa-186 (o6orameHHe 90,5%) H 

TBHTana ecTecTaeaaoro H30Tonaoro cocTaBa ( 181 'Ta -99,99%) ycxopeHHbi-

MH HOHBMH ns 12 c "O 22 He 3lp npH pa3nH'IHOA 

8HeprHH 0 

5 



I 

Q§pa§OTKO AOHBWX I peayn•tATW 

3KcnepeMeHThl nposoaenec& aa shlseaeuuoM ny~xe uexnoTpoaos Y-800 

u Y-200 naeiopaTopHH HaepBhlX peaxuel OIUUI. reoMeTpHSI u ycnosHSI 0DhlT8 
/4 5/ Jl p 

noapo6Jio OIIBC8Hhl paaee t o B 9KCDepUM8RT8X C HOH8MH S K8-

~eCTS8 aeTeKTDpOS OCKOnKOS aeneHHSI HCDOnh30S8nHCh KS8pU8Shl8 CTeKnat 

XOTOphle Be perHCTpHposanH ynpyro p8CC8SIHHhl8 HORhl ~OC~opa. npR H3y

~8HHH peaKUHI C 6onee nerKHMH ~8CTHU8MH DpHM8H8HH8 aeTeKTOpOS H3 

cenexaTsoro cTexna o6ecne~esano saae*fty~ axcxpeMHBaue~ ynpyro pac

ceHBBhlX HOHOSo BpeMSI o6ny~eHHSI Shl6HpanOCh anH K8~01 p88KUHR T8KRMt 

~To6hl nnoTBOCT& Tpexoa ocxonxos aeneseg sa nosepxaocTH aeTexTopos 
3 4 2 

COCT8SnSina 6 o 10 + 10 1/MM • npe 9TOM-T9H9S8SI K8pTHB8 nocne XHMB-

~eCKOI oeipa6oTKR neTeKTopos eihlna sensa suayan&uo. B pe3yn&TaTe npo -

CMOTp& C DOMOIIIh~ ODTRq&eKOrO MHKpOCKOD8 onpenenenac& 38SHCHMOCTh 

nnOTROCTH Tp9KOS OT paCCTOSIRBSI H8 DOS9pXHOCTR A9T8KTOp8 DpH nepece

~8BBB oceaol Teau. Ha puc. 2-4 npeacTasneahl peayn&TaTbi npocMoTpa 

nnH peaxuel 186W ( Jr P, I ) npB aaeprBR uoaos 195 u 155 Mas H 
181Ta ( 16 0, I ) npB aaepruu uosos 97 Mas. nono6uhle pe3yn&TaThl 

6Nnu nony~eBhl B anH scex npyrux uayqeushlx peaxuul. xoTOphle nepe~uc-.... 
ne&hl S Ta6n. 1. 113 STBX pBCYHKOS H8TpyaHo SBA8T&1 ~TO TeHR1 COOTS8TCT

O 
By~IIIB9 OCSIM 1 OpB9HTUpOB8RHhlM B H8DpaBneHBH 160 DO OTHOWeBU~ K DY~Yt 

0 
HBnR~CH 6onee rny6oxeMu. ~eM Teuu nna yrnoB 90 , nnH ecex peaxuBI. 

npeqeM paaBocT& rny6RB l\x = X90°- Xuo'MeBHeTcH e aaeecuMocTu oT asep

ruu 6oM6apnupy~mel ~acTHUhl (eM. puc. 2 R 3) R npu nepexone oT onBol 

pe8KURU K npyrol (eM. pUCo S U 4). Pee. 1-4 HOCHT Hnn~Tp8THBHhll xa

paKTep. To~aoe onpeneneBHe rny6HHbi TeueA X9oo H x160o B paauocTH 

l\ X npouaBonunoc& cneny~mHM o6paaoM: 1). nonc~eToM qecna TpeKoB 

B 6on&woM ~Rene noneA apeBBH MRKpocxona, pacnono*eHHhlX aa nep~epHR 

BOKpyr TeHR1 onpenenHnOCh cpenuee 3Baqeaue DnOTHOCTU TpeKOB SB9 Te

HB (A) C BhlCOKOI CT8THCTRqecxoA ToqHOC:Th~ < 1%; 2) • TaK KBK B MR-

6 

HHMyMe Teuu ua6n~naeTcs He6on&woe qecno Tpexoe B xa 

HHH, TO Mbl npocMaTpRBanH o6nacT& B paAoBe MRHHMyMa 

H3 '100 noneft 3p8HHHo 8bJ6Hp8nCH KBanpaT, COCTOHIIIHI H3 

anH KOTOporo CyMM8 qucna TpeKOB MUHUM8n&H8 DO Cp8BHE 

npyrHMH KBanpaTSMHt CMemeHHbiMH OTHOCHTen&HO Hero. Cj 

xoB ua oauo none apeHHH nnH aToro KBanpaTa HBnHeTcg e 

paanenHB xoTopy~ ua A , nonyquM rny6uuy TeHB X = 8/ A 
ax SA .88 

oTuocltTen&HoA owu6xol X = ~ + --,r- • 0THOCRTen&H 

06hlqHo 6bJn8 H8 ypOBBe 3-4%. npu STOM CT8TUCTRqecxasr 
~ ' · l\ Ben'R~RHbi l\x = x90o- X 160o Be npeBhlwana 3 

X . 
nocxon&Ky yrnOBbJe p83Mepbl TeHH HeBenRKH

1 
WUpR 

. 0 
rny6UBbi COCT8BnHn8 2-8 1 TO CyJIIeCTBeHHhlM HBnHnCSI BO 

annapaTypuoro ·yrno~oro pa3peweuus ODbiTa ua BeneqHHbi 

MHpyH TpexMepHy~ ~OpMy TeHH napa6onnoHaOM BpameHRS1
1 

npe6nu*euuy~ ~opMyny anH annapaTypuoro yeeneqeuug 3H~ 

l a2 
8x=T(l-xJ6z• 

rae a - nUaMeTp npoeKUHH R3nyqa~wero DHTH8 MRWeHH 

napannen&uy~ neTexTopy, 6 - neaMeTp TeHR ua noaepx 

B 6on&WRBCTBe cnyqaee aTa nonpaexa cocTaBnHna Me•ee 

x H 6bma noqTe OAHHaxoea nnH x
90 

o H x 
160 

o. nos 

qecxu se BHocuna auxaxoro exnana B pa3HOCT& l\ X = X 

113 nonyqeHHbiX 3Haqeuua l\ X uaenexanec& BpeMeJ 

HbiX Hnep. llnH BbxqecneueA ucnon&aoeanac& cllop.f\O'na • npee 
/6/ 

pa6oTe , xoTopag BbiTexaeT R3 TeopeTeqecxoa pa6oThl 

l\ X = x90 o-x161r=2 CH J, V! r1 I (l- si..Z 20°) +(l+ 'c ) sin; 
- Vc r·sln 20 ° 

(l , c ) ( , c ) . l ( , c )i [ ( , c 2J. ( - + -- • ., - -- +- -. -- •• . - • ., -
V c r V cr 2 V c r ~ V c r ·sin ° 

, ) , 
+ up { - ---'4-- + ••P ( - ·· ) , rae 

V c r ·yc r ·sin 20 ° 

7 



HHMyMe TeHH aa6n~aaeTcs ae6on&woe qHcno TpeKo8 8 Ka~oM none ape

HHH, TO Mbl npOCM8TpH8anH o6nacT& 8 paltOHe MHHHMyMa TeHH 1 COCTOHUieft 

H3 100 noneft 3peHHHo 8bJ6HpanCH K88apaT1 COCTOHUIHit H3 9 HnH 16 noneft
1 

aiiH KOTOpOrO CyMM8 qHcna TpeK08 MHHHMan&Ha no Cp88HeHH~ CO 8CeMH 

apyrHMH K8aapaTaMH, cMemeHJfbiMH OTJIOCHTen&ao Bero. CpeaBee qHcno Tpe

KOB aa oaBo none apeJIHH ans aToro K8aapaTa s8nseTcs 8enHqHaolt 8 

paaaenHB KOTopy~ aa A 1 nonyqHM rny6Hlfy TeHH X = 8/ A c cyMMapaolt 
Bx 8A .88 

oTHOCHTen&Jfolt owH6Kolt X = --r + -r . 0TJIOCHTen&aaSI owH6Ka A 

o6bJqao 6bma Jfa ypoBae 3-4%. DpH aToM cTaTHCTHqecKaa norpewaocT& 
~ . . 

L\ 8enllqHHbJ L\x = x,0o- X 160 o ae npeBbiWana 30%. 
X . 
nocKon&Ky yrnoBbie paaMepbl TeaR ae_8enHKH, wHpHaa aa nono8HJfe 

0 
rny6HHbl COCT88nHna 2-3 1 TO CyUieCT8eHJfbiM HBnHnCH 80npOC 0 BIIHHHHH 

armapaTypaoro ·yrnoaoro paapeweHHH onbJTa Jfa 8enHqHHbi X • AnnpoKCH-

MHpyH TpexMeplly~ ~opMy TeHH napa6onnoHaoM 8pameHHH1 MO*HO nonyqHT& 

rrpu6nH*eaay~ ~opMyny ans annapaTypaoro y8enHqeaHH aaaqeaHH x 
1 a2 

Bx=-(1-xJ---, (1) 
6 62 

rae a - aHaMeTp npoeKuHH Hanyqa~mero nsTJfa MHWeHH Ha nnocKoCT&
1 

rrapannen&ay~ aeTeKTopy, 6 - aHaMeTp TeHH aa no8epxaocTH aeTeKTopa. 

B 6on&WHHCTBe cnyqaeB aTa nonpa8Ka cocTa8nsna Meaee 1% oT 8enHqHJibl 

x H 6brna noqTH oaHHaKoBa ans x,
0 0 H x 

160 0 • DoaToMy oJfa npaKTH-

qecKH He 8HOCHII8 HHKaKoro 8Knaaa 8 pa3HOCT& /l X = X , 0 o - X I60 o • 

Ma nonyqeHHblX aaaqeaHit ll X H38neK8nHC& BpeMeJfa *H3HH COCT88-

Hbrx saep. Jlns BbJqHcneHHit Hcnon&ao8anac& cj)op!I§Yna, npH8eaeBaas 8 
1~ IY 

pa6oTe 1 KOTOpaH 8biTeKaeT H3 TeopeTHqecKolt pa60Tbl nHHaXapaa 

llx =x,0 o-XJUf=2CHdw V2 r2 !(l-sirl20°)+(l+ 'c )s;n 220°eu( 'c J-
c Vc r sin 20 ° ·yc r·sin 20~ 

(l r r . l r i r r 1 ( 2) - + --5...-)exp( ___ c J+-(-. _c_J [ exp ( c ) _ exp ( __ c_) + 
Vcr V c' 2 Vcr - Vc r·sin20° V c' 

+ exp ( - ~ ) + exp ( - '. ) , rae 
V c r ·yc r ·•I'! 20 o 

7 



I 

C - IIOnyaMIIUpU'IeCKUA napaMeTp, paBHbllt 2,5 :!:, 0,5; H - IIllOTHOCTb 

BTOMOB B KpUCTBlllle; J - paCCTOHHUe Me~y COCe~HUMU 8TOM8MU B 

Bb16paHHOit KpHCT8llllOrpa~H'IeCKOA OCH; rc - IIapaMeTp o6pe38HUH 8TOM-

uoro IIoTeHuuana; Yc - CKOpOCTb COCT8BHOrO Hapa; r - BpeMH >KU3HH 

COCT8BHOrO B~pa. 

B Ta6nuue 1 IIpuse~eHbi IIony'leHHble aHa'leHUB speMeH >KH3HH ans 

H3Y'I8eMbiX HBMU pe8KUHA. 

Cne~yeT,ocTaBoBHTbCH ua TO'IHOCTH Hasne'leHHH speMeH >KH3HH Ha 

uaMepeHHbiX ua OIIbiTe senH'IHH fl. X • 0CHOBHy~ HeTO'IHOCTb B pac'leTaX 

~aeT HeOIIpe~eneHHOCTb BellU'IHHbl IIapaMaTpa o6pe38HHH 8TOMHOrO IIOTeH-

nuana r c 

sue 0,4 J 
• ABTOpbl UCIIOllb3yeMoA H8MU ~OpMyllbl aa~T ~llH r c 3H8'1e-

/6/ -
• BMeCTe C TeM, B llUTepaType HMe~TCSI CBeaeHUSI 0 TOM 1 

'ITO, IIO KpaAKeA Mepe, B BeKOTOpbiX Cl1Y'I8SIX r c MO>KeT 6b!Tb MeHbWUMo 

/8/ 
B pa6oTe IIpouaso~unoc& uaMepeuue speMeuu IIpoTeKaHKH peaKUHU 

Ge ( p, p '}IIpu asepruu IIpoTOHOB oT 5 ~o 6 Mas. B 9TUX aKciiepi!MeHTax 

CBSI3b Me~y Bel1U'IUHOA CMemeHHSI U ~OpMOit TeHH B yrllOBOM paCIIpeaeneHHH 

p8CC'IHTb!B8118Cb K8K C IIOMOmb~ ~OpMyllbl1 IIOA06Holt ( 2) 1 T8K H IIyTeM 

MO~enHpOB8HHSI H8 3BM TpaeKTOpKA IIpOTOHOB B MOHOKpHCT8lllle Ge 

ll~ 9TOM OK838110Cb1 'ITO H8A~eHHbie BpeMeHa >KU3HU IIO ll8HHbiM MO~enH

pOB8HHSI TpaeKTOpUH cornacy~CSI CO 3H8'1eHKSIMU 1 IIOlly'leHHbiMH B MOAellH 

flHHaxap~a c IIapaMeTpOM rc = 0,15 1 . 3ToT peaynhTaT aen&aH pac-

CM8TpUB8Tb K8K aKCIIepHMeHT8llbHOe OIIpe~eneHHe 3H8'1eHHH rc , npHroa-

HOrO llllH n~6b!X '18CTHU, llBH)KfmHXCSI B n~6biX MOHOKpHCT8lll18X. 0AH8KO OK 

yKaabiBaeT ua aeo6xoaHMOCTb HccneaosaHHH aToro sonpoca. 

KaK BHllHO H3 T86llHUbl1 HCIIOllb30B8HHe TOrO HllH HHOrO 3H8'1eHHSI 

r c cymecTBeHHO MeHHeT M8CWTa6 IIOllY'I8eMblX 3H8'1eHHA BpeMeH >KH3HH 1 

HO M8110 CK83biB8eTCSI H8 HX OTHOWeHHSIX llllSI p83llH'IHbiX peaKUHA. 

OueHKH rroKa3biBa~T, 'ITO ua-aa aeorrpeaeneaaocTH aHa'!ellHH napaMeT-

pa r c H IIOllyaMIIHpH'IeCKOA KOHCT8HTbl ( MO>KeT B03HHKIIyTb f:I1CTCMl!TH-
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'leCK8H OWH6Ka llllH a6COll~THblX 3Ha'leHUA r , ucKa>Ka~mas 

He 6onee 'laM B 4 p838 1 'ITO He MewaeT, OllH8K01 Cp8BHUB8Tb 

p83nU'IHbiX peaKUHA IlpU p83llU'IHbiX aHeprHSIX B036y~eHUHo 

06cymneuue peayn&tatoB 

B Ta6nHue IIpUBeAeHbl IIOlly'leHHbie H8MU 3H8'1eHUH Bpel 

COCT8BHbiX Hllep B llU8II830He U3MeHeHUH z OT 79 llO 89 U 

6y~eHUH OT 60 ao 100 Mas. Ha puc. 5 aaHHbie npeacTasneH~:. 

YA06HOM llllSI yCT8HOBlleHUSI 38KOHOMepHOCTeA U3MeHeHHH BpeM4 

COCTBBHOrO Hllp8 B 38BUCHMOCTH OT 8TOMHOrO HOMepa. BHAH0 1 

qeuueM Z speMH >KH3HU npx aaepruu soa6y~eaus -00 MaE 

-18 
waeTCSI B HHTepsane ( 7-3) .10 ceK. CKopOCTb H3MeHeHUSI B) 

!l.r 
B 38BUCHMOCTU OT aaeprHH B036y~eHUH --- T8K>Ke yMeHJ . ,;e 
,POCTOM l B HHTepsane ( 1,9 - 0,3)10-1 ceK/Mas. 

Ebma caenaaa nonbiTKa cpaBHHTb nony'leHHbie aMnHpH'Ie 

MepHOCTH C p8C'IeTOM B MOAellH ~epMH-raaa. llOCKOllbKY llllSI I 

o6nacTH Hllep OTHOWeHHe rn I r, ·:.: l I TO H3MepeHHbie BpeN 

COCT8BHbiX Hllep onpeaenH~CSI rnaBHbiM 06p830M BpeMeH8MH : 

OTHOWeHH~ K ucnap~HH~ HeATpOH8 ( r n = .,. I r n ) • a T86l 

/9/ 
CH p8CC'IHT8HHbie IIO ~OpMyne H3 pa60Tbl BpeMeHa >KU3HU 

asyx aHa'leHHA napaMeTpos nnoTHOCTH yposaeA a c = an = A I 8 

a = c an A/ 4 • BHAHO, 'ITO cornacHe TeopHH c aKcrre 

nopHAKY BellH'IHHbl BpeMeHH >KH3HH llllSI SHeprHH Boat5y>KaeHHSI I 

llOCTHraeTCSI llHWb npH 8HOM8llbHO BbiCOKOM 3H8'1eHHH napaMeT 

yposaeA A I 4 • OaaaKo aa>Ke npu Bbi6ope TaKoA senH'IHHbi a 

38BHCHMOCTb BpeMeHH >KH3HH OT aHeprHH B036Y>KlleHHSI 1 IIOllY'II 

'leTe, oKa3biBaeTcH cymecTseHHO 6onee peaKoA, 11eM aa6n~aae 

pHMeHT8llbH01 1Ip8KTH'IeCKH llllSI BCex COCT8BHblX Sl~ep 38 HCKllK 

'8'w < 12 c 1 > '8'w <" 0 nerKHXo nnSI peaKUHA , H , 

9 
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qeCK8SI OWH6Ka LliiSI a6COnJOTHbiX 3H8"1eHHA T , HCK8>K8101ll8SI pe3ynbT8T 

He 6onee 'leM B 4 pa3a, 'ITO He MewaeT, OllHaKo, cpaBHHBaTb pe3ynbTaTbi 

pa3nH'IHbiX peaKuHA npH pa3nH"'HbiX aaeprHSIX B036y>KJleHHSI. 

06cymneuHe peayn&taros 

B Ta6nHue npHBeJleHbl nony"'eHHbie H8MH 3Ha"'eHHSI BpeMeH >KH3HH 

COCT8BHblX SIJlep B JlH8n830He H3MeHeHHSI z OT 79 JlO 89 H aHeprHA 803-

6y>KJleHHSI oT 60 llO 100 Mae. Ha pHc. 5 Jl8HHbie npeJicTaBneHbi B BHJle, 

yno6HOM JlnSI YCT8HOBneHHSI 38KOHOMepHOCTeA H3MeHeHHSI BpeMeHH >KH3HH 

COCT8BHOro S1Jlp8 B 38BHCHMOCTH OT 8TOMHOro HOMepa. BHilHO, 'ITO C yaenH-

'IeHHeM Z apeMSI >KH3HH npH aaeprHH B036y>KJleHHSI -60 Mas nnasao yMeHb-

-18 • 
waeTcsr a HHTepaane (7-3).10 ceK. CKopocTb HaMeHeHHH apeMeHH >KH3HH 

llr 
B 38BHCHMOCTH OT aHeprHH B036y)I(JleHHSI ----- T8K>Ke yMeHbWaeTCSI C 

,POCTOM l B HHTepaane ( 1,9 - 0,3)J0-1lf ~eK/MaB. 
Bbma CJlenaHa nonbiTKa cpaBHHTb nony"'eHHbie aMnHpH'IeCKHe 38KOHo

MepaocTH C p8C'IeTOM B MOJlenH ~epMH-r838. nocKOnbKY JlnSI H3y'leHHOA 

o6naCTH HJlep OTHOWeHHe rn I r, ·;;;: J • TO H3MepeHHble BpeMeHa >KH3HH 

COCT8BHblX SIJlep onpeJienHIOTCSI rnaBHbiM o6p830M BpeMeHaMH >KH3HH no 

OTHOWeHHIO K HCnap~HHIO HeATpoHa ( T n = ., I r n ) • B Ta6n. 1 npHBOJlSIT-

/9/ 
CSI p8CC'IHT8HHble no ~OpMyne H3 pa60Tbl BpeMeHa >KH3HH T n JlnSI 

llByx 3Ha"'eHHA napaMeTpoB nnoTHOCTH ypoaaeA a c = an = A I 8 H 

ac an AI 4 • BHJIHo, 'ITO cornacHe TeopHH c aKcnepHMeHTOM no 

rropHilKY aenH'IHHbi apeMeHH >KH3HH Jinsr aaeprHH B036Y>KileHHSI oKono 60 Mas 

JlOCTHraeTCSI nHWb npH 8HOM8nbHO Bb!COKOM 3H8'1eHHH napaMeTpa nnoTHOCTH 

ypoaaei:! A I 4 • 0JlH8KO na>Ke npH Bbi6ope TaKoA aenH"'HHbi ac = a n = Al4 

38BHCHMOCTb BpeMeHH >KH3HH OT aHeprHH B036y>KJleHHSI, nony'leHH8SI B pac

'leTe, OK83biBaeTcsr cymecTBeHHO 6onee peaKoll:, 'leM aa6niOJlaeMasr aKcne-

PHMeHTanbHO, npaKTH"'eCKH. JlnSI Bcex COCT8BHbiX SIJlep 38 HCKniO'IeHHeM C8Mb!X 

nerKHX. nnsr peaKUHA 
186 W ( 12 c , I ) H 

186W ( l6 0, I ) HMeeTCSI 
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K81{eC'J'.B9HHOe COI'nacHe· B XOile 38BHCHMOCTH r OT SHeprHH BOa6y)KJleHHHo 

B cny-qae >Ke peaKUHA. C HOH8MH 
3
-
7 p H 22 He H3MepeHHOe apeMH >KH3HH 

oqeHb cna6o 38BHCHT OT SH9pi'HH B036y)KJleHHH COCT8BHOI'O Hllp8 1 T.e. CHTya

UHH 3JleCb 6nH3K8 K npellCK838HHHM MOJlenH C ROCTOHHHOft TeMnepaTypoA. 

Pac-qeT noKaaan, qTo npH ucnonb30BaHHH. aHaqeHHH napaMeTpa TeMnepaTypbi 

'T n 1 paBHOI'O J Mas, B MOJlenH C ROCTOSIJJHOft· TeMnepaTypoft MO>KHO no-

_ny-q:HTb BpeMeHa >KH3HH1 Mano OTnHqaJOIIIHeCSI OT SKCnepHMeHTanbHbiXo 

TaKHM o6paaoM, ecna He npHaneKaTb KaKHx-nH 6o HOBbiX npellCTasne

HHA 0 ROB9Jl9HHH COCT8BHbiX Slll9p HnH HOBbiX 38BHCHMOCTeft rrnOTHOCTH ypoB- · 

Heft OT &Hepi'HH B036YlK.Il9HHSI1 MO>KHO CJlenaTb BbiBOil 0 TOM 1 qTO Hay-qeHHblft 

H8MH JlHanaaOH COCTBBHbiX Slll9p 79 < l < -89 HBnsreTCSI nepeXOAHblM OT H.Qep, 

ORHCb!B89MbiX B MO.Q9nH iflepMH-I'B381 K _HAp8M 1 .Qnsr KOTOpb!X cnpaBe.QnHB8 

MO.Qenb C rroCTOSIHHOA TeMnepaTypoA. 

I 

0TM9THM1 qTo npHB9.QeHHOe BbiWe CP8BH9HHe TeopHH C SKCnepHMeHTOM

Ka-qeCTBeHHOe 1 paCCM8TpHB810TCSI nHWb OCHOBHbl9 qepTbl nonyqeRHbiX 38KOHO

MepHOCTeA. OoSToMy He srsnsriOTcsr oqeHb cymecTBeHHbiMH HeKoTOpble lf>aKTo

pbi, KOTOpbi9 MOI'YT1 B006IIIe I'OBOpS1 1 H9CKOnbKO H3M9HHTb SKCrr9pHM9HT8nb

Hbi9 peaynbTBTbi1 HanpHMep: nonpaBKH1 yqHTbiBBIOIIIHe BKna.Q npouecca A9-

neHHH nocne HcnapeHHH O.!lHoro HnH H9CKOnbKHX HeATpoHoB. OTcyTCTBHe 

no.Qp06HbiX A8HHbiX 0 aaBHCHMOCTH rn I r, OT SHeprHH B036ylK.Il9HHSI .Qnsr 

xccneAOBBHHbiX sr.Qep He noaaonsreT ToqHo paccqHTaTb sTy nonpaBKY K H3-

MepeHHOMy aHaqeHHIO BpeMeHH >KH3HH. 

Ma nonyqeHHbiX .!lBHHbiX cneAyeT eme OAHH BbiBO.Q. Pe3ynbT8Tbi sKcne

pHM9HTa C MOHOKpHCTannoM H3 paaAeneHHOI'O H30TOna BOnblf>paMa-186 B npe

.Qenax TOqHOCTH He OTnHqaJOTCSI OT pe3ynbT8TOB1 nonyqeHHbiX H8 KpHCTanne 

/5/ 
H3 BOnblf>paMa ecTeCTB9HHOI'O H30TORHOI'O COCT8B8 o 00STOMY MO>KHO 

CK838Tb 1 qTO B .Q8HHOM cnyqae Bp9MSI >KH3HH COCT8BHOI'O Hllp8 cna6o aa

BHCHT OT ero M8CCOBOI'O qHcna. 
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ABTOpbi 6naro.QapHbi aKa.QeMHKY r.H. $nepoay 38 nocT 

HHe H HHTepec K pa6oTe, ~.ll. Orasecsrsy H A.$. TynHsoay 

o6cy>K.QeHHe pe3ynbTaToB, ~.A. AneKcaH.Qpoay 3a npe.QocTae 

1uw KpKCTanna K3 pa3.QeneHHOI'O H30TOR8 1 a T8K>Ke KOJ 

sKcnnyaTaUKK UKKnoTposa Y-300 3a o6ecneqesKe yCToft-q:KBO 

YCKOpK1'8nHo 

naTepaTypa 

l.F.Plasil. Report UCRL-11/93 (1963). 

2. A.$. TynHHOB. D.AH CCCP 165, 546 ( 1965). 

3. O.S.Gemell, R.E.Holland. Phys.Rev.Lett., 1• 
4. C.A. KapaMSIH, ~.ll. Orasecsrs, $. HopMypaToa • .RII>, 14, 

6. c.A. KapaMHH, $. HopMypaTOB, ~.u. OraHeCHHo C6opHHI 

D.7-5769, D.y6sa ( 1971). 

6. W.M.Gibson, K.O.Nielsen.Phys .Rev .Lett., 24, 

7. J.L-indhard. Mat.Fys.Medd.Dan.Vid.Selsk., 3• 

8. G.J .Clark et al. Nucl.Phys., Al73, 73 (197J 

9. D.>K. ~H3esra, P. Bas.Qes6ow. C6. H.Qep&ble peaKUBH, AT( 

T. 2 1 CTp. 51 • 

PyKonacb noc'l'ynana B Ha.QaTen 

28 lf>eapanH 1972 rolla. 
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ABTOpN 6n8r0~8pHN 8K8~9MBXY f.H. ~nepoay 38 noCTOSHHO$ BHHMa

HHe H HHTepec x p86oTe, ~.ll. Or8secsay H A.~. Tynuaoey 38 none3Hoe 

o6cy~eaue pe3yn&T8ToB, ~.A. Anexca~poay 38 npe~ocTaanesue MoHo

xpHcTanna H3 pa3~eneaaoro H3oTona 186W , a T8X*e xonnexTHBy 

sxcnnyaT8UHH uuxnoTpoHa Y-300 38 o6ecne~eaue ycToA~BBoA pa6oTN 

ycxopuTens. 

nuTepaTypa 

1.F.P1asi1. Report UCRL-11/93 (1963). 
2. A.~. Tynsaoa. D.AH CCCP 165, 546 ( 1965). 

3. O.S.Geme11, R.E.H011and. Phys.Rev.Lett., 14,945 (1965). 
4. C.A. KapaMaa, ~.ll. OrasecSIH, ~. HopMyp8TOB. Hcf), 14, 499 ( 1971 ). 

5. C.A. Kap8MSIH, ~. HopMypaToa, ~.ll. Oraaecas. C6opaux OHHH 
D.7-5769, D.y6Ha (1971). 

6. W.M.Gibson, K.O.Nie1sen.Phys.Rev.Lett., 24, 114 (1970). 
7. J.~indhard. Mat.Fys.Medd.Dan.Vid.Se1sk., 34, 14 (1965). 

B. G.J.C1ark et a1. Nuc1.Phys., A173, 73 (1971). 
9. D.•. IOH3e&ra, P. BaR.lle&6ow. C6. B.llep&Ne peaxusu, AToMB3AaT, 1964, 

To 2 , CTp. 51. 

Pyxonuc& nocTynsna B H3.ll8Ten&cxuA oT~en 
28 'eBp8ns 1972 roaa. 
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PHc 1 CpaBHeHHe 9KcnepHMeHTanbHoA H pac'l:eTHoA !jlyHKUHH Boa6y)KJleHHs: 
• • 1 70E ( 16 0 1 ) I 11 ,., peaKUHH aeneHHH r . , . B Mo.nenH ... epMH-raaa. 
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PHc. 2. 3aBHCHMOCTb ~Hcna TpeKoB oc~nKOB aeneHHR B eaHHHue nnomaaH 
(0,27x0,27 MM2) aHaneKTpH~ecKoro aeTeKTopa OT yrna, oTc~HTbiBaeMoro 
oT HanpaaneHHR oaHoA Ha aayx KpHcTannorpa$H~ecKHX oceH < JJJ > , opHeH-
THpoBaHHhiX noa yrnaMH 90° H 160° K ny~KY anR peaKUHH 

18~ (
31 P, f ) 

npH 9HeprHH HOHOB 195 Maa. 
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PHc. 3. To :H<e, ~To Ha pHc. 2, ang peaKUHH 
181 Ta ( 16 0, I ) npH aHep -

rHH HOHOB 31 P 155 Maa. 
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PHc. 4. To :>Ke, 'ITO Ha pHc. 2, llliH peaxuHH 

rHH HOHOB 96 M aB. 
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PHCo 5. 3aBHCHMOCTb BpeMeHH )I(H3HH COCT8BHOrO 9Jlp8 ( r ) npH SHeprHH 

Boa6y)I(Jl9HHH 60 M aB H napaMeTpa A r I A E * oT aToMaoro HoMepa cocTaB

Horo sapa Z : • -- A r I AE*, • - r 
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Y CJIOBHJI 06MeH& 

npenpHHTbl H coo6meHHH OHHH p8CCb!Jf810TCSI 6ecnnaTHO, 
RMHOrO o6MeHa,yHHBepcHT9T8M 1 HHCTHTyTaM 1 na6opaTOpHSIM 

HllY'IHbiM rpynnaM H OTJl9JfbHb!M y'leHbiM 6onee 50 CTp8Ho 

nonyqaTeJTSIM H3Jl8HHll: OHHH rrpeaocTaBnHeTCSI B03MO)I(H0 

HBHTb HHHUH8THBY B 6ecnnaTHOll: nOCbinKe ny6nHKaUHII: B .llyl 

06MeHa npHHHMaiOTCSI Hay'IHbie KHHrH, )l(ypHaJtbi1 rrpenpHHTI: 

ny6nHKaUHH no TeMaTHK9 011fll1. 
EJlHHCTB9HHbill: BHJl nyonHKauHll:, KOTOpblit HaM rrpHCbin8, 

aTO peiipHHTbl ( OTTHCKH CT8Tell: 1 y)l(e orry6nHKOBaHHbiX B Hay• 

H pS1Jl9 cnyqaeB Mbl C8MH o6pamaeMCSI K H8Y'IHb!M yqpe 

6onee KpynHhlM nony'laTeJTHM HalilHX H3Jl8HHR - C npoCb60R 

CJT8Tb H8M KaKHe-nHOO KHHrH HJTH BbiiTHC8Tb JlJTSI Halilell: 6H6n 

)l(ypH8Jfb!1 H3JlaJO.IUHecg B HX CTp8H8Xo 

0TAeJibHhle 38DpC>Chl 

HanaTen~:.cKHII: oTaen e>KeronHo BbmonasreT oKono 3000 01 

coB Ha BbiCbinKY H3Jl8HHA OHHH. B T8KHX aanpocax cneay1 

yKa3biB8Tb HHJleKc aanpamHBaeMoro H3Jl8HHH. 

AApeca 

nHCbM8 no BC9M BOnpocaM OOMeHa ny6JTHK8UHRMH 1 a Ta: 

oTaenhHbie H3Jl8HHR cneayeT aanpaBnHTb no aapecy: 

MocKBa, 
FnBBHbiil UO'lT8MT1 n/H 79, 

HaaaTenbCKHil oTaen 
06beaHHeHHoro HHCTHTYTB 
HaepHbiX SlCCneaoBBHHJI, 

Aapec JlJTSl nOCb!JfKH BC9X ny6nHK8UHit B nopS1JlK9 o6MeH 

6ecnnaTHOit noanHCKH Ha Hay'IHbie )l(ypH8Jfbi: 

MocKBa, 
FnaBHbiii no'lTBMT1 n/sr 79. 

Hay'lHO-TeXHH'leCKBH 6H6nHoTeKa 
06beaHHeHHOro HHCTHTyTB 

sraepHbiX HccneaossHHil. 


