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B accnenoeaHHH aellTpOHHhiX ceqeHHil paanH'IHhiX sneMeHTOB B rrocnenaae rorthi 

BalKHOe MeCTO 3aHHMaiiO rronyqeaae CHnOBbiX <jlyHKUHil B WHpOKOM HHTepaane 3Hep

rall _, 3TOMY crroco6cTBOBano ynyqweaae paapeweHHH crreKTpOMeTpoa, KOTOpoe co

CTaBnHno MeHee 1 HCeK/M AilS! ny'IWHX ycTaHOBOK. nony'ieHHe 6onee HaAelKHbiX 

3KCIIepaMeHTarrbHbiX AaHHhiX II03BOIIHeT yTO'IHHTb IIapaMeTpbl OIITH'!eCKOII MOAeiiH, 

KOTOpaH paapa6aThiBanacb B pSIAe pa60T IlpH pa3IIH'iHhiX rrpeAIIOIIOlKeHHHX KaK 0 

/1,2/ 
xapaKTepe SIAepHOrO IIOTeHUaana , TaK H IIpH HOBOM IIOAXOAe K OIIHCaHHID rrponec-

/3/ 
ca o6pa30BaHHH KOMIIayHA-HApa • 8 3TOII CBH3H OC06biii HHTepec rrpeACTaBIIHIDT 

H3MepeHHH Ha pa3rteneHHhiX H30TOIIaX, AaHHbie IIO KOTOpblM AOBOIIbHO OrpaHH'ieHhl, 

HaMH 6biiiH Bhi6paHhi a KaqecTae o6'beKTOB HCcnenoaaHHH rrnoxo H3y_'ieHHhie 

H30T0IIhl repMaHHli, 

HaMepeHHli rrporrycKaHHH, caMOHHAHKanaH a panaanaoaaoro aaxaaTa aellTpoaoa 

IIpOBOAHIIHCb IIO MeTOAY BpeMeHH IIponeTa Ha HMIIYIIbCHOM peaKTOpe (HEP) B pe

/4/ 
lKHMe C MHKpOTpOHOM , 3TOT pelKHM xapaKTepH30BaiiCli CIIeAyiDIUHMH rrapaMeT-

13 
paMH: HHTerparrbHb!l!: BhiXOA HelhpOHOB 3• 10 a/ceK, IIOIIyiUHpHHa aefiTpOHHOrO 

-1 
HMIIYIIbCa 3 MKCeK, qaCTOTa IIOBTOpeHHH 50 CeK • • nporrycKaHHe H3MepSIIIOCb IIpH 

rrponeTHOM paCCTOHHHH 1QOQ M lKHAKOCTHhiM CUHHTHIIIIliUHOHHhiM AeTeKTOpOM C Me

/5/ 
THn6opaTOM , a partHaUHOHHbiJi 3aXBaT - (D, y)- AeTeKTOpOM, COCTOHBWHM H3 

/6/ 
ABYX 6aKOB C lKHAKHM CUHHTHIIIIliTOpOM eMKOCTbiD IIO 230 IIHTpOB KalKAbil! , YCTa-

HOBIIeHHhiM Ha paCCTOHHHH 242 M OT peaKTOpa. 

B Ka'ieCTBe o6paanoa acrroiibaoaanHCb o6orameaHbie H30TOIIhi repMaHHH B BH-

ae ABYOKHCH Ge 0 2 , a TBKlKe o6pa3Ubl H3 eCTeCTBeHHOil CMeCH H30TOIIOB, .ABHHhie 

0 KOTOpbiX CBerteHhl B Ta6nHUy 1. 
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Ha pac. 1 npaBeaea an~ annrocTpaUHH yqacTOK sKcnepaMeHTanbHOfi KpHBofi, no

nyqeaaoi! npa H3MepeHHH nponycKaHH~ c H30TonoM 
72 

Ge . nonyqeaae napaMeTpOB 

ypoBaei! aa H3Mepeaai! nponycKaHH~ npoBoaanocb MeTOAOM nnomaaefi c yqeToM aon-

nnepOBCKOrO ywapeHB~ H HHTep¢epeHUBH Me*AY pe30HSHCHWM H nOTeHUHanbHbiM 
111 

paCCe~HHeM • nn~ yqeTa HHTep~epeHUHH He06XOAHMO 3HSHBe S~¢eKTHBHbiX paaay-
/8/ 

coB ~aep an~ Bcex aaOTonoB. TaK KaK B naTepaType HMenHCb ASHHbie 0 U 
p 

TOnbKO no TpeM aaOTonaM, npaqeM aaaqeaa~ ceqeaai! oqeab canbHO paanaqanacb 

Me*AY co6oi!, aaMH 6hinB npoBeaeabi H3MepeHH51 nOTeanaanbaoro pacceSIHBH anSI Bcex 

aaoTonoB nyTeM aaMepeaaH· nponycKaHHR B wapoKoM HHTepBane saeprai!. Ehmo o6-

aapyJKeao, qTo ceqeaae B o6naCTH HH:lKe 1 KSB aaMeTao B03pacTaeT c yMeabweaaeM 

saeprHH, npaqeM aaaqaTenbHbii! aaKnoa ocTaeTcll nocne BbiqaTaHHSI BKnaaa coceaaax 

ypOBHei!. 3TO .MO:lKHO 6binO 06'h51CHHTb BnHliHHeM ypOBHefi, ne*SlliHX HH*e s aeprHH 

CBR3H aei!Tpoaa. Ha npacyTCTBBe TSKBX . ypoBaei! yKa3hiSanll TaK*e Benaqaahi ce-
/12/ 7! 

qe aai! aaxBaTa TennoBbiX aei!TpOHOB , KOTOpbie anll Bcex H30TonoB, KpoMe Ge, 

6bma aaaqaTenbao 6onbwe, qeM Morna AaTb nono*BTenbBhie ypOBHB. 

Ha xoaa KpBBbiX nponycKaHBH B AHanaaoae saepraA 3- 1000 SB 6hinB nonyqea~I 

oneHKB ceqeaal! nOTeHAHanbaoro . pacceSIBBH uP B napaMeTpOB OTpanaTe/IbBbiX ypoB-

aell. nnR BCeX B30TOnOB repMaHBSl U COCTSBnReT (6+2) 6apa. 
p -

B Ta6naue II npaBeaeabi aaHHbie o6 OTpanaTe/IbHbiX ypoBHSIX qeTHhiX aao-

TonoB repMaHHH, nonyqeaabie B npeanono:lKeHBB aanaqaSI oaaoro OTpanaTellbaoro 

ypoBHH AnSI Ka*aoro B30Tona. 

HaMepeHBH paaaanaoaaoro . aaxBaTa aefiTpoaoB npoBoaanacb , B nepByro oqe-

peAb~ C UeltbiD onpeaeneHBll pSAHSitBOHHbiX WBPBH AllS! B30TOnOB repMSHBll, 0 KOTD

pb!X ae BMenOCb paaee HHKSKHX ASHHbiX. KpoMe TOrOJ STB H3MepeHHll B CoqeTaHH1! C 

CaMOHHAHKSUHei! B nponyCKSHHeM BCnonb30BanBCb J.(n~ nonyqeHHll HefiTpOHHbiX WBpBH 

ypoBael!. Kana6poBKa s~~eKTHBHOCTB (n,y) - aeTeKTopa npoBoaanacb no MeToay 

OAHOBpeMeHHOi! perBCTpartBB 3SXBaTa B KaHanaX COBnaaeHHll H CYMMBpOBSHBll BMnynb-
/9/ 

COB C HCnOnb30BSHHeM HOpMHpOSKH no SKCnepaMeHTS/IbHblM ASHHbiM AnSI COCeA-

HHX s neMeHTOB. HeonpeaeneHHOCTb TSKOi! Kana6pOBKH COCTaBnSieT 10-15%. npone.uypa 
/ 10/ 

nonyqeaall napaMeTpoB peaoaaacoB onacaaa B pa60Te • B peaynbTaTe o6pa60TKH 

sKcnepaMeaTanbHbiX aaHHhiX 6binH nonyqeabi napaMeTpbi ypoBaefi, CBeAeHHbie B Ta6n. III. 

3TH napaMeTpbi 6hinB acnonb30BaHhi anll aaXO*AeHHH canoBbiX WHKUHi! S , 
- 0 

C p eAHHX p aAHSitHOHHbiX WHpHH r y H cpeAHHX paCCTOS!HHH Me*AY ypOBHS!MH 
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anSI acex H30Tonoa ( Ta6n. IV 
r o 

g n 1 
) • CHnoaaSI <jlyaK UHSI onpeaenSinacb KaK l: -----

E - E 
I 2 

a OlliHOKH yK83biB8IDT HHTepaan, B KOTOpOM ne~HT HCTHHHoe 3Ha~eHHe CHnOBOA 

<jlyHKUHH C aocTOBepHOCTbiD 0,683, Pac~eT 3TOI'O HHTepaana npOBOaHnCSI Ha OCHOBa

/11/ 
HHH paooTbi • DpH aTOM y~HTbiBanacb owHoKa, caSiaaaaaSI co cTaTHCTH~eCKHM 

p a cnpeaeneHHeM HeATpOHHblX WHpHH H paCCTOSIHHA Me~ay ypOBHSIMH, B OWHOK8 B 

H3MepeHHblX 3Ha~eHHIIX r n 1 

lln!I paaHaUHOHHblX WHpHH OWH5Ka CBSI~aaa, B nepByiD O~epellb 1 C TO~HOCTb!O 

KanHopoBKH (n, y) -aeTeKTopa. 3aa~eHHSI D J onpeaensmHCb sa rHcTorpaMMbi 

aapacTaHH!I ~acna ypoaaeA c aHeprHeA, npH~eM acnonbaoaancg y~aCTOK, 6nH3KHA 

K nHaeAHoMy, Ha KOTopoM ae omywanocb B1UHIHBSI nponymeHHbiX ypoaaei!, 06pama-

eT H8 CeoSI BHBM8HHe HanB~He cna6 b!X ypOBHei! C npHBeaeHHblMH aei!TpOHHbiMH WHpB

H8MH aa 2-4 nopS!IlK8 HB~e cpeaHHX y H30TOUOB 
70

Ge H 
72

Ge . 3TH ypOBHH, 

no-BHaBMOMy, S!BnSIIDTC!I p -BOnHOBbiMH, n03TOMy OHH He BKniO~anHCb B oopa50T-

KY npH pac~eTe aocToaepaoro HHTepaana CHnoaoi! <jlyHKUHH H cpeaHero pac-

CTOSIHBSI Me~ay ypOBHSIMH, 

Oony~eHHble 3HB~eHHSI cpeaHHX paCCTOSIHHA Me~ay S -BOnHOBbiMB pe30H8H-

CBMH n03BOnSIIDT Bbi~HCnHTb nnOTHOCTb a oaHO~BCTB~HbiX COCTOSIHBi! BonB3H no-

BepXHOCTH ¢epMH, 0nOTHOCTb ypOBHei! C nOnHbiM MOMeHTOM J npu aaep-

I'BH B03oy~aeHBSI U anSI niOOOi! ~eTHOCTB B paMKBX CTSTBCTH~eCKOi! TeOpBB Bbl-

pa~aeTCSI B BHae (CM, 1 HanpBMep, 
/13/)•, 

yrr 2J+1 
p(U ,J .) E ------- exp (2ya U) ----- exp [-

12a1/4 U 5/ 4 2y 2!T (1 

/13/ 

(J + _1_ )2 

2 l 

(1 cornaCHO , HMeeT MeCTO COOTHOWeHHe! 

- 21 
u 2 

c 0, 0888 y a U A 3 

( 1) 

(2) 

HaoniOaaeMaSI nnOTHOCTb ypoaaei! MO~eT obiTb CBSI3aaa c TeopeTH~eCKHM aaa~eaH

eM p (U, J) COOTHOWeHHeM 

P Ha6n. p ( u, J)' 
{3) 

rae cyMMa 6epeTcSI no TeM 3Ha'leHHSIM J , KOTOpble peanH3yiDTCSI B paCCMSTpHBae-

MOil p e aKUHH, 
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<facneHHbiB 3H8'19HHSI napaMeTpa 0 1 p8CC'lHT8HHbl9 H8 OCHOB8HBH (1), (2) 

H ( 3), npaaeJleHbi a Ta6nau e IV 

BBOJlHfl8Cb nonp8BK8 H8 3HeprHIO 

cKoro a AJlaM'IyKa • .UnH H3oTonoa 

npa Bbi'IHCflBHHH 3HeprBH B036y>KJl9HHSI U 

cnapHBBHBH HyKnOHOB no ~opMyne HeMapoa-

" 78 Ge H Ge , JlflH KOTOpbiX He 6bino aeo6xo-

. JlHMbiX Jl8HHbiX 0 M8CC8X COCBJlHHX S!JlBp, nonp8BK8 K U BBOJlHfl8Cb no Jl8HHbiM 

1141 -
pa60Tbl • norpeWHOCTb B 8 Y'IHTbiB&eT OWH6Ky B 0 J H norpeWHOCTb 3Hep-

ri!H B036y>KJleHHSI. 

nonyqeHHbie 3H8'leHHSI 8 xopowo cornacyiOTcSI c sKcnepHMeHTanhHbiMH JlaH-

HbiMH JlflSI COCeJlHHX S!Jlep. 3aa'leHBSI CiiflOBOll ~YHKUBH, H8liJlBHHbie JlflSI H30TOnOB rep

M8HHSI1 MOryT 6biTb COnOCT8Bfl9Hbl C p8C'IBTHbiMH H 3KCnepHMBHT8nhHbiMH Jl8HHbiMH 

a paccMaTpaaaeMoif o6nacTH MaccoabiX 'lHCen. Ha pac. 2 npaaeJleHa KpHBaSI, nony-

/2/ 
'leHH8SI B pa60Te EaKa H nepa ' acnonb30B8BWHX B pac'leTe no onTB'IeCKOA MOJle-

na nOT9HUH8fl C UOBepXHOCTHbiM nornOWBHBeM JlflSI JlHH8MB'I9CKB Jl9~0pMHpOB8HHbiX 

S!Jlep. Ha sTOM >Ke pacyHKe npaaeJleHbi nocneJlHHe sKcnepaMeHTanbHbie JlBHHbie, 38HM-

/ 15 / 
CTBOB8HHble B3 pa60Tbl ryJla H Jlp. • 113 pHCYHK8 BBJlH01 'ITO 3KCnepBMeHT8nbHbie 

JlBHHbie no repMaHHIO YJlOBneTaopaTellbHO cornacy10TCSI c TeopeTH'IeCKoA KpaaoA a 

Jl8HHbiMH JlflSI COCeJlHHX S!Jlep. 

CneJlyeT o6paTHTb BHHM8HH9 H8 TOT ~KT1 'iTO JlflH 8KKypaTHOrO nony'leHBSI 3H8-

'IeHaA CHflOBOl\ ~YHKUBH He06XOJlHMO npOBOJlHTb B3MepeHBH B WBpOKOM BHTepaane 

78 
saepraa aellTpoaoa. TaK 1 

B cnyqae Ge canoaaH ~HKUHH S , onpe)leneaaaH 
-4 0 

no BHTepaany 0 < E< 15 K3B, COCTaBnHeT 0,12.10 , 8 JlflSI HHTepaana 

-4 
15 K3B < E-< 30 K3B S 0 = 4,5• 10 . 3TO MO>KeT 6biTb CBH38HO C ~yKTyauaeA B pac-

npeJleneHHH HellTpOHHbiX WHpHH, T8K KBK 'lHCflO ypOBHeA B OTMe'leHHbiX HHTepaanax 

Mano (3-4 ypOBHH). Bo3MO>KHO H Jlpyroe 06bHCHeHHe 3TOro, CBSI38HHOe C npeJlno-

/3/ 
>KeHHOll ~ew6aXOM KOHUenuael!: BXOJlHbiX COCTOSIHHll, cornaCHO KOTOpoi! CHflOB8SI 

~yHKUHH MO>KeT 38MeTHO MeHHTbCSI C 3Heprael!: C X8p8KTepHbiM nepHOJlOM nopHJlK8 

COTHH K3B. 11ccne)lOB8HHbll!: H8MH BHTepaan MO>KeT 6b!Tb '18CTbiO 3TOrO nepBOJla. 

_ I13MepeHBSI paJlHBUHOHHbiX wapaH H30Tonoa repMaHBH noKa3ana, 'iTO 3Ha'leHHH 

r r ne>KaT )ln!l acex H30TOUOB B HHTepaane 0,12-0,20 3B. TaKHM o6pa30M, S!Jl

pa C M8CCOBbiM 'lHCflOM OKOnO 70, HMe!OWHe paJlH8UHOHHYIO WHpHH1 MeHee 0,2 38 1 

He SIBnHIOTC!I HCKfliO'IeHBeM B o6wel!: K8pTI!He 3ABI!CHMOCTH r OT M8CCOBOrO 'II!C-

/16/ r 
na Jln!l cpeJlHHX S!Jlep • CneJlyeT OTMeTHTb pa3nH'lHe a paJlHBUHOHHbiX wapaaax 

JlnH 
72 

Ge, npeBOCXOJlSIIllee 3KCnepHMeHT8nhHYIO OWH6Ky. 3TO MO>KeT 6b1Tb CB!I38HO 

C TeM, 'iTO ypOBHH, Jlfl!l KOTOpblX 6binB onpeneneHbl paJlHBUHOHHble WHpHHL1 1 HMeiOT 

pa3HY!O 'leTHOCTb. 
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B a aKmoqeaae aaTophi cqaTaJOT c aoaM npa srrHhiM JlonroM no6naroJlapaTb 

B.C. 3on oTapeaa a e ro cOTpyllHHKOB aa mo6eaaoe npenocTa a ne HH e o6oraweHHhi X Hao-

TOllOB rep Ma HHSI. 
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Tac5JIIII.18 I 

XapaHTepi!CTIIHII np11ueHHBWIIXCH o6pa3l.IOB repMaHI1H 

OcHO BHOi1 11 3 0TOI1 ~e- 70 ~e-n .§8- 73 ~e- 74 

Co~ep:iK8HIIe OCHOBHOrO 
1130TOI18 (%) 86 89 74 91 

'l 'oJi w,:ma n 113 ;.~ epeHI1HX 

nponycKaHIIH 0,81 . 1,80 0 ,70 1,16 
( H~ .II30TO D 8/CM2 B 

e.n. ro22 ) 

TOJIUII1H8 B i13~l epeHI1HX 

(n, •l )_ £H,l\.V:30TOI18/CM
2 0 ,17 0 ,34 - 0,28 

B e~.ro2 ) 

§e-76 

70 

1,20 

0,26 

.l!;cre c:; o 
c :, · e~:ox 

1,90 

0,79 

i£) .l(JIH BCTBCTBeHHO~ CMBCH YH8 ..> 8HO 'i11CJIO H~ep 3Jie.II8HT8/CMz. 

Tac5JII11.18 I! 

ITapaMeTp~ OTPI11.18TeJihH~X yponHe~ 'ieTH~X 1130TonoB repMaHIIH 

1! 30TOI1 ~e- 70 ~e- 72 -fe-74 -§e- 76 

SHeprlH! 
560 960 1750 1740 1~'-JaB 

[:l 3B I,O 1,3 1,8 I,I 
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H,llpo-
MHWeHI:. 

?o~e 

?2je 

Ta6mn1a lli 

Jl apaJJeTpbl H6£!TpOHHI-JX pe30H8HCOB H30TOilOB 

rep!J8HHH 

~ lJ E. r, tJr, f:j 3B -ali 3B 3B 

IllS 4 4,6 I,O 0,160 
1469 5 0,70 0,12 0,150 
1935 ' 8 0,030 0,006 
3!40 IS 0,046 O,OIO 
4230 25 0,055 0,025 
4378 25 5,9 !,2 0,!85 
5570 35 33 7 
6750 35 IS 5 
8635 45 51 !2 
9890 80 52 II 

103!0 90 77 16 
II040 roo 8,3 4,7 
II780 roo 22 IO 
!3200 roo 95 !2 
18440 ISO 63 24 
23820 300 75 26 
25880 300 94 33 
27600 350 141 60 
28600 400 75 34 

252,0 0,5 0,00034 0,00010 
736 2 0,0025 0,0008 
2!80 7 0,046 0,009 
26!4 8 0,79 0,39 0,!35 
2743 8 0,40 0,!8 0,230 
3650 !2 0,83 0,43 0,120 
4560 I? IS 3 
4949 !9 27 5 
8980 50 1+1 6 
9640 55 8 5 

8 

~ rJ' 
3B 

0,025 
0,025 

0~040 

0,030 
0,040 
0,030 



III70 60 22 4 
12070 70 ~6 7 2940 II 2,6 0,3 

19080 130 146 30 4040 15 8,4 1,0 

29400 300 31 17 4238 17 6,0 0,9 

4440 19 5,5 I,O 
?".1~-e 102,6 0,2 1,30 0,12 0,192 0,030 4823 22 1,4 0,6 

204,0 0,4 0,23 0,02 0,210 0,030 5200 25 3,0 0,9 

224,7 0 ,4 0,45 0,04 0,198 0,030 5357 25 II 2 

320 ,6 0 ,7 0,23 0,04 0,190 0,030 5746 30 5,5 I,I 
332,0 0 ,7 1,36 0,12 . 6200 40 2,7 1,3 

367,1 0,6 0,72 0,06 0,200 0,030 6320 40 2,3 1,0 

408,2 0,6 0, 25 0,03 0,200 0,030 6585 45 II,O 2,0 

490,3 0 ,9 2,00 0 ,15 0,185 0,030 7770 50 16,5 2,5 
' 516 I 0 , 038 0,005 8530 60 36 3 

557 I 0 ,39 0,04 0,190 0,030 
668 I 0 ,026 0,008 7111e 2846 8 8,0 2,0 0,160 0,040 
735 2 0,017 0,005 3035 12 I,O 0,6 0 ,230 0,040 
752 2 0,020 0,006 4170 25 0,064 0 ,020 
807 2 0,021 0,006 4990 30 94 13 
849 2 0,14 0,02 12030 70 24 13 
919 2 0,15 0,02 19450 ISO 120 25 

1028 2 0,09 0,02 21910 200 50 18 
1056 2 0,23 0,06 25100 250 44 21 
II45 2 2,1 0,6 42800 500 500 IIO 
1218 3 1,3 0,2 0,210 0,030 l 61040 900 810 280 
1313 3 1,3 0 ,2 0, 210 0,030 
1353 3 0,29 0,05 lG~ e sso I 0,35 0 ,08 0,115 0,025 
1526 3 1,2 0,2 

4,2 1,8 0 ,120 0,025 
1650 4 2,5 0,2 4760 20 

12 8 
1802 ~ 1,6 0,2 0,190 0,030 13940 90 

II 
1925 5 0,33 0,20 15050 100 84 

1934 21040 200 41 17 
5 0,5 0,2 

i95 22 
1950 5 0,8 0,3 22460 200 

760 190 
20II 6 4,0 0,4 0,185 0,030 2%00 300 

120 
2256 6 1,7 0,2 j, 48700 600 230 

2286 6 3,2 0,3 
2434 8 0,6 0,2 
2558 9 2,1 0,3 
2676 10 1,3 0,2 

10 
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Ta6JIH~a IY 

CpeAHHe napaMeTplll AJIH HSOTOTIOB reprJaH*H Ni .. -

\1 30TOTI fe- 70 ;e- 72 ~-73 1e- 74 fe- 76 .. 
....... ·:-·:: 

$o-. .ro4 2 3 ... 1,0 
' - 0,9 

I 0 -+- 0,6 
' - 0,4 

2 0 ... 0,7 
' - 0,6 
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