
I __, I '-' 

051,EJlHHEHHbltf 
HHCTHTYT 
SIJlEPHblX 

HCCnEJlOBAHHA 

Jly6aa //1 

~ 
) 3 K3. ~V1T. 3A.fl t1 j 

P15 - 4948 

.. ~l---~ 

< 
.. ~~~ .ii, 

I 
I • •• -❖~~;~~fflfV/!!J1',til 

·1 

I 
I a 

IO.TI. rBHrpcKHI, H.t. XapHCOB 

HCCJIE~OBAHHE ~EPHYX PEAKUHA 

( n, 2n ) H ( n, y ) , 
TIPHBO~HIUHX K H30MEPHOMY COCTOHHHIO 

93
Mo 

1970 



Pl5 - 4948 

IO.n. raerpcKMli, J1.'b. XapHCOB 

J1CCJIE~OBAHHE 8,llEPHLIX PEAKIU1R 

( n, 2n ) J1 ( n, y ) , . 
IlPJ1B0'AHtnJ1X K J130MEPHOMY COCTOHHJ1IO 

93Mo 

HanpaBneao B .H4> 



lfaMepemre M30_MepHbIX _OTHonieHMfi. ( OTHOllI0HMfi. C0"'10HMfi o_6pa30Ba-

HMSI SIJlpa . B ~30MepHOM H OCHOBHOM COCTOSIHMSIX). II03BOnSieT rronyq_MTb psrn 

CB0Jl9HMii:. 0 CBOfic1:Bax aTOMHblX SI.llep, B qacTHOCTM 9 pacrrpeJleneHMM . ypoB

Hefi IIO cmrny •. PacqeTbl M30MepHblX OTHOllI0HMfi, _BbIIIOnHeHHbie Ha. OCHOBe 
/1/ . 

CTaTMCTHqecKoi): MOJl9nH s:iupa I IIpH. HaJlne)KalUeM Bb16ope rrapaMe-:poB 

JlOCTaToqHO xopollIO cornacyJOTCSI C 9KCIIepHMeH_TallbHb!Mll _Jla_HHbIMH • .TTpM 

9THX pacqeTax rrpeJlrronara(;!TCSI, qTo Gacenenne ocnoBHhIX u H30Mep!IbIX 

COCTOSIHHfi orrpeJlensreTC_SI n_Mllih rrpaB.MnaMII OT6opa IIO CIIHHy. 0Jl!IaKO ef;:

T9CTB9IIHO O,KHJlaTh, qTo rrpM CHnhHOM pa3n;MqMM HyKnOHHbIX KOHQ}Hrypauqfi 

OCIIOBIIOro lI H30Mepnoro COCTOSI!IHfi MoryT MMeTb MeCTO M JlpyrMe rrpaBHna

oT6opa •.• IT pH 9TOM, oqeBMJllIO, MexaJIM3M 3aceneHMSI H30Mep!Ioro COCTOSIIIMSI 

6yJleT JlpyrHM lI cneJlyeT 0)!(lij18Th 6onee CJIO)Kf!Ofi 3aBHCHMOCTM M30M0pHo

ro OTH011I9IIMSI OT. B_ROCHMoro_ B_ SIJlpO MOM0HTa. 

3a rrocneJl!Iee BpeMSI 1Ia6nroJlancsr pSIJl cnyqaeB, KOrJla H3Mepennoe Ha 

OIIbJTe H30M9p!Ioe OTIIOllI0HMe cymecTBe!IHO OTnHqanoch OT p.accqHTannoro 

IIO CTaTHCTH'le.cKofi MOJlenH. HarrpHMep, IIpH 38XBaTe TeIInOBblX HefiTpO!IOB 

ll3 Jn H liS Jn ceqeHMe o6pa30Ba!IHSI SIJlpa B M30MepHOM COCTOSl!IMH co CITM-

+ /2/ . 
HOM 8- oKa3anoch Bbllliff, qeM B COCTOSIIIMI! co CITl!IIOM 5 • ITpM MCcne-

JlOBa!IHM CITOHTa!I!IO JlenSIIII~XCSI M30MepoB 6brno 061Iapy,Ke1Io,• qTo H30Mep-

. /3/ B 
II09 OTHOllI0!IMe He 38BMCHT OT BIIOCMMoro B SIJlPO MOM9!ITa • pa6o-

M/ . • . 
Te 1Ia6n10JlanCSI anoM anh!IO Bb!COKMfi Bb!XOJl SIJlpa 93 M:, B H30M9pHOM 

+ 
COCTOSIIIMM co CITMHOM 21/2 cpeJlH OCKOnKOB JleneHHSI. 
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B HacTosimei-1 pa6oTe H3Mepsinnch ceqeHnsi o6pa3oBaHnsi sinpa 93 ~b. 

B ll30MepHOM COCTOS!Hllll B peaKUllSIX ( 11, 2J1 ) ll ( U , y ) IIpII pa3nll 'IHblX 

::rneprnsix H8HTpOHOB nnsi Bb!SICH0HllSI M8X8Hll3Ma 3aceneHHSl II30M8pHOI'O coc

TOSlHl!Sl. 

l13oMepHoe cocTOSlHne
93 Mo c rrepnonoM rronypacrrana 6,9 qaca II crm

HOM 21/2 + SlBnSleTCSl TpeXKB83ll'laCTll'IHbIM ( pa3pb!B rrapbl rrpoTOHOB) coc-

TOSlHll0M Tnrra [ P(g
9

;
2 

)
2 =8; n(ds12 )

1
1 / / 51

• CxeMa pacrrana9 3
m Mo 

. I max 21 2 

rrpericTaBneHa Ha pIIc, 1. 

I1cToqHHKOM Hei-ITpOHOB cnyxmn Hei-ITpOHHbIH reHepaTop Tnrra Hf-200 

fla6opaTopnn SlnepHblX peaKUllH Ol1.Hl1. nnSl rrony'leHIISl HeHTpOHOB B: pa.i-IoHe 

14 MaB ncrronh30Banacb peaKUHSl T + D , a B pai-IoHe 2,5· Mirn D+D. 

IToMeIUaSl Mlllll0Hll non pa3Hb!MH yrnaMll no OTHOU!0Hlll0 K rry'IKY neiiTpOHOB, 

MO:>KHO 6bl~O ll3MeHSlTb '9H0pI'llIO · H0HTpOHOB, rrana10IUIIX Ha MHU!0Hb. l1u

T0HCHBHOCTb H8HTpOHOB orrpenenSlnacb ITO aKTHBaunn' amoMHHH0BOH unn Men-
. V U 

HOH qionhrn B pe3ynbTaTe peaKuni-1 cooTBeTCTBenuo Al (n, a ) Na 
63 .. 64 

• _n Ch ( n, y ) Cn Ceqeune peaKunn ( n , a) rrocToSlHHo B nnarra3oue 
. . . . . '/6/ 

aHeprni-1 ueiiTpouoB 13-15. MaB n cocTaBnSleT 115 M6apH , a ceqeune 

peaKunn (n, y) B i:marra30He aHeprni-1 2-3 MaB MeHSleTCSl oT 25 no 
/7/ 

20 M6apH . • 

I1crron_b30Banncb MHUJ0Hll B0COM no 100 MI', 06or/3IU8HHb!8 H30TOI18Mll 

92 Mo no 95% II 
94 Mo no 78%. ITpn o6nyqeHun uei-ITponaMu c au.eprnei-1 

2-3 MaB rrpnM0HSlnllCb TaK:>Ke Mlllll8Hll HaTypanbHOI'O ll30TOIIHOI'O COCTaBa 

BeCOM no 10 r, T.K. B 9TOM cnyqae rrpaKTll'l8CKH HM8IOT MeCTO nHUJb 

peaKUllll pannaunoHHOI'O 3aXBaTa HeHTpOHOB, ll aKTHBHOCTH, CBSl38HHbl0 

C npyrnMn ll30TOII8Mll Monn6neHa, OTnH'laeTCSl no y -CI18KTpy II rrepIIony 

rronypacrrana. 
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y -H3ny'leHne b~ny'leHHblX H8HTp_oHaMH MllllleHei-1 perncTpllpOBanocb 

rrpn I10MOIUll CUHHTlmnSlUllOHHOI'O CI10KTpoMeTp~. C KpllCTannoM NaJ ( TI ) . 

ITpncyTCTBHe B crreKTpe y -murnii C anepI'I!SlMH' 1480 K9B H 680 K9B 

(pnc. 2), H,HT0HCllBHOCTb KOTOPblX y6_bIBana C rrepnonoM rronypacrrana -6,9qa

ca, yKa3wBano Ha o6pa30B8Hlle B peaKUllSlX C HeuTpoHaMn ll30Mepnoro 
· 9 3 

COCTOSlHHSl Mo. ITo llHT0HCllBHOCTH y .;..n3ny'leHHSl 6binll orrpeneneHbl ce-

'l0HHSl peaKuni-1 
9 4 Mo ( n, 2n) n 

92 Mo ( n ,- y ) , · rrpnBonsimux K n3oMepHo~y 

cocTOSlHHIO 93 Mo • ITpu BbI'IHCnefiiin ceqeHHSl peaKunn (n, y ·) y'IHTbrnancSl 

BKnan peaKunn (n, 2n ) Ha rrpnMecSlX ( 1,5%) 9 4 Mo B MHUJeHH 
92 Mo • 

cf>yHKUHSl B036y:>KneHHSl peaKUHH 9 4 Mo( n, 2n ) 9 3 
m Mo rrpencTaBneHa 

Ha pnc. 3. 0Ha nMeer THI1H'lHblH rropOI'OBblH .Bnn. Ha pnc. 3 rrpnBOASl_TCSl 

.TaK:>Ke <i>Y!JKUHH B036y:>KneHll~ peaKUlIH (n' 2n) ' -Bbl'IHCneHHbJe Ha OCHOBe. 

cTaTl!CTll'l8CKOH Monenn Slnpa. Ecnn rrpeHe6pe'lb ncrrycKaHneM 3apSl:>K0HHblX 

. . ( 2 ) . /8/ qaCTllU ll3 Slnpa, TO ce'!eHne peaKUHll' U, U MO:>KHO npencTaBIITb B_ BHne 

a a [ 1 
0 

( 1 ~) + T e 

~E 

T 
( 1) 

rne a - ceqeHne o6pa3oBaHHSl COCT8BHOI'O Slnpa, ~ E - 9HepI'llSl B036y:>K
.o 

neHHSl, oTC'lllTbIBaeMaSl oT rropora peaKunn, T - TeMrrepaTypa S1npa. 

B pacqeTax rrpuHnManoc~ a = 1, 7 6apH/g/ u T = 2 MaB. Bbmu 
. 0 . 0 

pacc'luTaHbI qiyHKUHH Bo36y:>KneHHSl peaKunu 100 Mo(n,~n) 99 Mo, 92 Mo(n,2n) 91 Mo 

u94 Mo (n,2n) 93 mMo. Ha pnc. 3 Mo~uo BnneTb, 'ITO paCC'IHTaHHbJe qiyHKllllll 

B036y:>KneHHSl ynoBneTBopnTenbHO OI1l!CblB8IOT 9KcrrepHM8HTanbHbie naHHbie. 

Ce'leHHSl peaKuni-1 ( n, 2n) nnS1 100 Mo. H3MepeHbI B pa6oT/ 10
1

, a ~n~ 9 2 Mo 
. . I 111 . 

B pa6oTe • Pacxo:>Knemrn. 9KCI1epnMeHTanbHbIX H paC'leTHbIX Ce'leHHH 

nnSl 9 2 ~b rrpu aHeprmr HeiiTpOHOB 15 M aB, rro-BnnnMoMy, CBSl3aHo c KOH

KypeHuneii: 3apSl:>K8HHbIX qacT_nu, ucrrycKaeMblX cocTaBHblM SlApOM. 
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B cny<rne peaKUIIII 
94 Mo (n, 2n )9 3nMo H3MepeHHaSI <pyHKUIISI Bo36y)lmeHIISI 

cornacyeTCSI C pacqeTHOH, ecnl! llpl!HSITb ll30MepHoe OTHOllieHl!e paBHbIM 

-2 10 •. TaKoe OTHOllieHIIe Tlllll!qHo nnSI ll30MepoB co CTOnb 6onbllil!M CITIIHOM. 

. /1/ 
PacqeTbI, BbIITOnHeHHbie ITO Me Tony, Olll!CaHHOMY B pa6oTe , TaK)Ke IT pl!;..' 

B0/lSIT K 6nl!3KOMY 3HaqeHmo ll30MepHoro OTHOllieHIISI. flpll 9Tl!X pacqeTaX 

l!CIIOnb30Banl!Cb 11apuIIanbHbie ceqeHl!SI nnSI HeHTpOHOB C pa3nl!qHbIMll yr-

u /9/ ( 4) nOBb!Mll MOMeHTaMII, BhJql!cneHHbie 110 OIITUqecKOll Monem1 SI/lpa pllc. 1 

· a 3Ha 11eHI1e 11apaMeTpa a , xapaKTepIIayromero pac11penenenne 11noT-

HOCTII ypOBHeH ITO CITIIHY, ITpl!Hl!Manocb paBHbIM 4. flpl! apyrl!X 3HaqeHII-

SIX ITapaMeTpa a ( B 11peaenax 3-5) ll30MepHbie OTHOllieHl!SI MeHSIIDTCSI 

H03Haql!TenbHO. Heo6XOAIIMO OTMeTl!Tb, qTo He11ocpencTBeHHOe l!3MepeHl!e 

ll30M0pHoro OTHOlli0Hl!SI He 11pencTaBnSieTCSI B03MO)Kffb!M ll3-3a oqeHb 6onb-

93 ~1 ( /12/ 
rnoro 11epuona 11onypac11ana II o · B ocHOBHOM cocTOSI~llll 3000 neT ·). 

3HaqeHIISI ceqeHIIH peaKUIIH 
92 Mo( n, y ) 93 

m Mo AnH paanIIqHhIX sHep-

rIIfi HeHTpOHOB ITpencTanneHbl B Ta6n. 1. llnSI oueHKll ll30MepHoro O't'HOllie

Hl!SI l!CITOnb30Banl!Cb naHHbie ITO ceqeHl!SIM panIIaUl!OHHOro aaxBaTa HeHTpo

HOB nnH coceaHHX Hnep c TeM )Ke qncnoM HefiTpOHOB ( 
88 

~. 
89 y ·) • flpll 

TaKHX 9HeprHSIX HeHTpOHOB ceqeHHe Mano MeHSieTCSI OT Hnpa K SIAPY• 

Ma Ta6nl!Ubl BH/lHO, qTo H30MepHoe OTHOllieHue llpH 38XBaTe HeHTpo-

. -1 
HOB c sneprl!eH KaK 14, 7 Msn, TaK u 2,5 - 3,0 M 9B COCTaBnSieT"" 10 • 

TaKoe 3HaqeHHe H30MepHoro OTHOllieHHSI 11pencTaBnSieTCSI HellOHSITHbIM 

C TQqKH 3peHHSI ;fTaTUCTHqecKOH Monenu Hnpa.· Cne,.waano Q)KHAllTb, qTo 

u301v1epHb1e OTHorneHHSI B peaKunnx ( o, 2n) 11 · ( n, y) 11pI1 snepruSix HeHT

poHoB 14-15 M9B 6ynyT 6nl!3Kll ITO BeJIHql!He, T.K. OHII 011penem1roTCSI 

rnaBHb[M o6pa30M pacITpeaeneHIIeM BHOCl!MhIX B nnpo MOMeHTOB (p11c. 4), 

KOTOpoe, ecTeCTBeHHO, 0/lHO ll TO )K0 B 06e11x peaKUl!SIX. flpll 11epexone 

K HeHTpOHaM C 9Heprl!eH 2,5 - 3,0 MsB ll30Mepnoe ·oTHOllieHHe non)KHQ 

yMeHbllll!TbCSI 110 KpaHHeH Mepe Ha ITOpH/lOK, T.K. cpenHHH BHOCl!Mblll B SIA

po MOMeHT yMeHbllil!JlCSI C 3,5 no 1,5 ( pllc. 4). 
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TaKl!M o6pa30M,, ll3MepeHHOe ll30MepHoe OTHOllieHHe OKa3bIBaeTCSI 

6nl!3Kl!M K paccqHTaHHOMy. ITO CTaTHCTHqecKOH Monen11 TOJlbKO ITpll cpaBHll

TenbHO HH3KC>H sHepr11II no36y*AeHHSI m:fpa 9 3 Mo ( B peaKuu11 ( n, 2 n ) sHep

r11n. B036y)KAeHHSI 11ocne 9MIICCHII nefiTpOHOB ne ITpeBhIUiaeT 5 M 9B, qTo 

Bcero Ha 2,5 MsB Bb!llie 9Heprnn Il3QMepHoro ypOBHSI). B TO )Ke BpeMSI 

ITpI! Bb!COKHX 9Heprl!SIX B036y)KneHI!SI ( B peaKUl!RX ( n, y) . 9Heprl!SI B036y)K

neHIISI Bhlllie 10 MsB) Il3QMepHoe OTHOllieHl!(l OKa3bIBaeTCSI a~:oMaJibHO Bhl

COKHM ll Mano 38Bl!Cl!T OT BHOCl!Moro B Hnpo MOMeHTa. 

TaKoe IIOBeneHHe ll30MepHoro OTHOllieHHSI, 110-BHAHMOMy, YK83bIBaeT 

Ha He06bJqHblH MexaHH3M _3aceneHHSI Il30MepHoro COCTOSIHHSI. M3BeCTHO, 

qTo 11aoMepHhIH yporieHb 
93 Mo SIBJISieTcSI Hl!)KHl!M ypoBHeM MYJibTHIIJieTa, 

KOTOpbIH 06pa3yeTCSI npl! pa3pbIBe 11apb1 llpOTOHOB. B .9TOM MynbTl!IIJieTe 

l!MeroTCSI ll ypoBHII c_ ManhIM CITHHOM, KOTOpbie 3aCeJISIIDTCSI C. 6onbllieH' Be

pOSITHOCTbID, q~M Il30_MepHbIH yponeHb. Ecnn y -11epeXO/lbl C 9Tl!X ypoB

HeH 6ynyT 6onee BepOSITHhl Ha Il30MepHoe COCTOSIHI!e, qeM Ha OCHOBHoe, 

TO Il30MepHoe OTHOllieHI!e llpll 9TOM B03pacTaeT. TaKl!M o6pa3oM, aHOMaJibHO 

Bb!COKOe ll30MepHoe OTHOUieHHe nnSI 
93 Mo, 110-Bl!Al!MOMY, o6bSICHSieTCSI 

TeM, qTo K ll30MepHOMy COCTOSIHI!ro llpI!BO/lIIT aaceneHHe Bcex OCTanbHhIX 

ypoBHelI MYJibTl!ITneTa. _OnHaKO ypoBHll C M8JibIM Clll!HOM pac11ono)KeHhI, Be-'-

pOSITHO, nocTaToqHo BhICOKo u ne 3acennroTCSI B l n, 2 n ) peaKUHII B6n11a11 

11opora. flosTOMy _B 9TOM cnyqae ll30MepHoe OTHOllieHHe 3HaqnTenbHO MeHb-

me. 

ABTOpbl Bblp8)KaroT 6naronapHOCTb aKaneMIIKY r.H. <Pnepony 3a 

11ocToSIHHhIH IIHTepec K pa6oTe, E.H. MapKoBy II IO.U. OraHecnHy aa 11one3-

Hb1e 06cy)Kne1111n 11 A.M. Kyqepy aa o6nyqeHue MHrneHeii Ha HeiiTpoHHOM 

reHepaTope. 
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5 - .. Mo(n::2n) 91 Mo· ; s _9, Mo(n, 2n) 93 m ~b. 

PHc. 2. y -cneKTP Mnwean 
94 Mo., o6ny'!eHHoH HeiiTpoHaMH c aHeprnea 

15,03 Mas. NK - HOMep KaHana; N - 'l'.Hcno HMnynLcoB 
B KaHane. HMII. II 
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Pi:rc. 4. ITapui:ranbHhie -ce'leHH.11 s3aHMoi:teficTsH.11 HefiTpoHos c SI/lpoM Mo ( up ) _ 
Jln.11 pa3nH'IHhIX op6HTanbHhIX M0M9HT0S (r ); a - aHepr1rn HefiTpollos 
14 Mas, 6 - aHeprm1 HefiTpoHos 3 Mas. 

8Hepri:r.11 
HefiTp0.H0S 1 

Mas 

2,5_ 

3,0 

14,7 

Ta6ni:rua 1 

Ce'!eHHe peaKUHH (n' y). 

I,faoMepHoe 
C0CT0.IIHHe 

a , M6ap.H 
1 

0,25 :!:. 0,08 

o, 18 :!:. 0,06 

0,12 :t.0,03 

12 

OCHOSHOe 
C0CT0.11.HHe 
u , M6apH 

q 

3,0/ 13/ 

2,i 141 

a 

u 
·q 

-1 
"' 0, 7. 10 

-1 
"'. 0,5.10 


