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AeyTaJil>HOCTI, rrpo6Jier.ru. 0,D;HOlt ml BU,'ltHClflllllX xapaRTepncTitR 

,mepHo:li peaKI.Unt Rl3JifieTCH npel,lll ee rrpoTCKa.Hl!H. Bper,:,q npoTeKa.HlIJI 

H.IJ:epHoro npouecca, orr:,e1~eJI.HeMoe 061:I'Ilio cpe;n;irnM Bper,mHeM r.msm1 

't ' .!IDJIHCTCJI BllCOROtJYBCTilliTCJII>HO:li xapmtTep1!CTlIROii ,mepHUX 

COCTOmra1i. il3Y'!CHlte BpeMeH pacna.n;a smepHIDC COCTOHHIDI B HaCTOJI

;nee :sperm COrrp.rultCHO c ~spa6oTROii HOBUX MCTO.IJ:OB, pacCtJI!TallHLlX 

Ha R3MepeH:ae BCe 6oJiee ROPOTRHX BPCMCHil!IX 11HTOpB3.1IOB. 3TO 1I03BO

JISI8T npOBO,JJ:,tTI, HCCJIC,D;OBaJHISI JI,Il;ep B 06.rraCTll Bee 6oJiee BllCORilX 

aHeprnii B036ylK,Il;eHHJI. 

Hau60J1ee OCHall\BHll 3RC1Iepm11eHTaJII,HUMl! MCTO,ll;aMH l!CCJie,ll;OBa

Hl!JI o6JiaCTl! 3Heprnii Bo36yJK,D;CHHJI Hl!lite 3Hepruu CB.B:31! HYRJIOHOB, 

;rr,Jlll ROTopoii xapaRTepHL! BpellleHa ro-8 - ro-13 C, I{ Hl!M OTHOCJIT-

CJI MCTO.IJ:ll, OCHOBruIHlle Ha l!ClIOJ!I,30Ba.Him KYJIOHOBCROro nos6:,,K.IJ:eHl!JI 

H.IJ:ep, ajxlleRTa J(onn;repa, 3a,ll;Cpii(8HHUX COBIIa.IJ:eHllii II .n;p. 
B o6JiacTH :meprl!ii Bos6y'1i,IteHHJI, rrpeBWIIaIOl!llIX aHeprmo cB.B:31! 

HYRJIOHOB, BCPOJITHOCTI, pacrra.n;a sa CtJCT YBCJIIttJCHl!JI tJl!CJia Bmco.n:mrx: 

RaHMOB peaRUl!ll BospacTaeT, a BpeMJI lKit3Hl! na.n;aeT. 3To Hau6o;ree 

BupruKeHO ;rr,Jlll COCTa!lHHX JI,Il;ep, lIOJIY'ICHHL!X B peURlllIJIX C TJilltCJihlMit 

l!OHa.Mll, ;rr,Jlll ROTOpmc lllltHIDl!aJII,HaJI 8Hepnm B036yJK,D;emm, COOTBCTCT

BYJ.Oll1a!I KYJIOHOBCKOMY dapbepy B3aID/IO,ll;e:liCTBllJI, COCTa.IlJIJICT .IJ:CCJITroI 

MaB. 
Bpe111fI npoTelmHl!JI ,mepHoro rrpouecca SIDJI!IeTCJI 0ns1ttJeCRIIM 

naprulleTpOM, HCCY!l\HM 1m(tiop:MaIU!IO O J,ICXa.Hll3Me peaRUirn. OdmerrpIIHJI
TO M8Xa.Hl!3ML! H.IJ:CPHIDC peruannt paccMaTpl!BaTI, RaR pe3RO OTJIHQaillllHB

CSI BO BpBMSI B3aHMO,D;BACTBHSI. 

PeaRUHit, li,Ilyllllle ~epes o6pasoBruute cocTaBHoro JI.IJ:Pa, rrpo

TeICaIOT Sa BPCMJI llOpJI,Il;Ita IO-lG - I0-20 C. - BpCMfI D3Hlt COC

TaBHOrO JI.IJ:Pa. IlOTCHqilaJII,Hoe pacceJIHito ll rrpJIMoe B3aIDIIO.IJ:eficTBite 

c:rurnaHU C BpeMeHeM llOpJI,Il;Ra lQ-22 C., T.e. C BPCMCHCM llpOXOilt-

,IJ;eHIIB nyRJioHa tJepes JI.IJ:PO. Ta.rotM o6pasoM, orrpe.n;eJiemte npeMeHU 

rrpoTe~ smepHoil peaRUirn CYlllCCTBCHHO C TOtJRll speHllJI pas.n;eRe

l!IDI Mexa.Hll3MOB peaRUitH. 

K HaCTOJI!lleMy BpeMeHit rrpe;zr,JIOlKCH PH.IJ: MBTO.IJ:OB ll3MepeHlI.!I 

BpeMCH rrpoTBRaHl!JI H.IJ:CpHl,IX pearw;aii MCHI>Dil!X, 'ICM ID-lS C. K 
llltM OTHOCJITCJI: MeTO.IJ: g),JIYRTy-~ii 3pmtcoHa, MCTO.IJ: ltHTCWJepem:um 

T0'1i,J:(0CTBCHHIDC tJaCTHU; MCTO.IJ:, l!CllORI,8YJOilll!ii TOPM03HOe ll3JIY'ICHlte; 

MCTO.IJ:, OCHOBnHHHil Ha pesoHa.HCHOM nepexo.n;e O,ll;Horo HYRJIOHa llJil! 

0{)1,CJ!lrthmllblll E~~ 
ruleµDb:111 UCCllcnonaBnil 

Gt,iGJ~OTE.KA ,__.,..- .. -



accowraIJ;UII l!YY..JlOHOB Me;rr,zzy- WJYMR. 1ui;eHTli1TIIID1lli H,D;epHID,'lll COGTOfilI;Iffi,!11; 

MeTo,n;, 6asnpyiollt,I:itCH Ha II3MepeHHII UHTCHCUBHOCTII K-x-II3.JJY"eHIIH. 

O,n;!Ia.I-0 Bee STII MeTO,n;H, sa IICKJIJO'ICHIICM MCTO,n;a qmyR'ryar.mi1 3pUKCO

Ha, He IJOJIY'IIIJIII pacnpocTpa.IIemur Hs-sa cap1,e::s:aux MeTO.IJ;ll'Iecrurx 

TPY.IUIOCTefi. B HaCTO.fIJliee Bpeua Hau60Jiee paspa60T8.II!!l:lM HBJilleTCH 

MCTO~ II3MepeHIIH Bper,mH npoTeRaIOOI MePHllX pearu.(l[ll B II!ITCPBaJie . 

IO-! - IQ-!8 C., OCHOB8lIHilii Ha aqxlleKTe TCHCH, 3TOT MCTO,n; OCHO-

Ba.II Ha Ha6JIIO,n;emm MHHHMYMOB B yrJIOBHX pacnpe,n;eJieHIIHX sapIDKeHHUX 

rrpO.zryKTOB peaRJ:zym IIPH 06.ny-qeHUH MOH01tpIICTa.JIJIWiec1wit MIIl!leHll rry-q

KOM 6oM6ap,n;npYJ(lllIDC 'Iacnru. Me?o,n; HB.IDieTcH rrp.HMHM H rrpmmrnm 

IIOSTOMY .lVlff nvdIDC o6JiaCTeii 3Hepruu B036y,imemm COCTaBHOI'O MPa, 

Rl:.lt ,IJ;IDl ll30Jll[pOB8l!HllX ypOBHCll C IlllipllHOii ypOBHeii [ MeHI>llle pac

CTOH!llffi Me;rr,zzy- ypOBHffi,'lll .I{, TaK II B CJIYllae· T - .I{ Il T > .I{. CJie

JJYeT O'l'UeTIITI,, 'ITO B o6JiaCTII CllJII,HO rrepe1tpUBa.IOlltlIXCH ypoBHeii r 
lie .f.3JI.f:8TCH lIIIIpm!oii JI30JlllPOB8l!HOI'O YPOBH.fI, HO xapaKTepH3YeT, cor

JiaCHO CTaTIICTII'ICCitOi1 Teopim, cpe,n;Hee BPCMfI D3Hll H,IQ?a '[ =-t./ f 
rrpII ,l(aHHOti 3HeprHII B036y;;r,n;emm II orrpe.n;eJIJieTCJI He ~aJII,Hbl1'IlI 

CBOiiCTBru,'lll COCTOHHIIii, a 1IX IIJIOTHOCTI>IO. CJie,n;oBaTCJII,HO, II3MepeHUe 

BPCMCH liCII3Hll COCTaBHIDC H,D;ep HBJI.f!CTCH BalltHl:lM ItPIITepIIeM rrpm,teHil

MOCTl! TOii llJlil llHOii Mo,n;emr ,IJ;IDl qJYHitUllII IIJIOTHOCTH YPOBHeii B CTaTIIC

TII'ICCKOii TeopIIII. 

TaltIIM o6pa30M, IIO.f!BIIBIII8.!ICJI C paspa6oTitOit MeTo,n;a TeHell B03-

MOXHOC'l!, I13MepeHrur Ta.KOH DalKHe:llmeit xapaRTCPilCTIIItII: H,D;epHoii pea.R

qmr, Katt BpeMa ee. rrpoTeRaHRf!, OT1tpwra HOBIIe rrepcneKTIIBU B ,n;eTam,

HOM II3y-qemm H.n;epHUX: npoIJ;eCCOB, B HaCTOSllllee BpeMf! 3KCIIepIIM0HTaJII,

HUe II TeopeTII'ICCKile IlCCJIC,Il;OBa.Hll.fI a6cOJIIOTHHX lIIIlPHH pacna,na B036Yl!t

JJ;eHHUX: COCTaBHUX H,n;ep IIPOBO,ItllTCH Bu M!IOI'IIX Haytillux IJ;eHTpax mtpa. 

0.n;HaKO BpeMeHa ;,JI3Hll COCTaBHUX H,n;ep' o6pa30B8.II!ILIX B pea.roumx C 

T.!DlteJIHMl'l l'!OHa.Mll, e!lle He,Il;OCTaTOtJ:!10 H3y-qeHU, a B 06.n:acTII z > 90 

TaIGie ,n;aHHl:Ie BOOO!lle OTCYTCTBOBaml. 

ijeJII,IO pa6oTH HBJI.fIJIOCI, 3ItCIIepm,IeHTaJII>HOe Il3y-qeHile a6COJIIOT

Hl:IX !lllipIIH pacIIa,ICa Bl:ICOKOB036y,imeHHIDC COCTaBHHX H,n;ep, o6pasyio~

CJI B peaKIUUIX C TmKCJrul,'lll IlOHaJ,lH, C IIOMOlJlI,10 S(W)Cl~Ta TeHeii B lIIIlPO

KOM .I(llaIIa3oHe nopH,Il;KOBOI'O HO!,tepa lI 3Heprmr B036ya(,ll;eHruI. 

Ewra nocTaBJieHa 38,!Ca'Ia rrpoBeCTU B par.max CTaTl'!CTII'ICCKOit 

TeopHII amums nOJIY'IeHHmc Harm ,n;aHHux no BpeMeHa.r.; lKll3H:! c y'IeTOM 

rr:iouecca ,n;eJieHIIH IlOCJie 1rcnapeH1IH HeitTpOHOB COBMeCTHO C IIPIIBe,n;eH-
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Hl:11,lli B JllITepaTYPe 81tcnepID,teHTa.JII,HllMli ,Il;aHHlil.lII no Bpewmar,,1 rornHII, 

3aBHCm.1ocTm.1 y/fo( E l H ce'!eHrun.1 ( 1-\ 1 , X n )-peaKIJ;mi:. 

HaVtITIM HOBII3Ha II IIpaKTII'leCIWJl geHHOCTI, pa60TH 3aitJIIO'IaeTCH 

B CJIC,nyID!lleM: 

C llOMOmI,IO ajx!JeitTa TeHeil 6l:IJIU Bnepmrn IIOJIY'IeHu 3KCIIepm;IeH

TaJII,Hlle .w.1.mme a6cOJIIOTHllX sqxneKTIIBHw.: lllliPHH pacrra,na cocTaBirux 
H,D;ep I9?Tl 203B i, 2I3Ra, 22IAc, 24Ipu, 250Ct, 25SF 
260Jl II 265 Ns npII pa3Jlli'IHHX sHep!'lIHX Bo~dYY.t.JJ:eHitH /I,2 ,':r,t5/, 

IIPli 3TOU .n;aHHHe ,IJ;IDl llOCJie,n;HllX IIJITII H,n;ep IlOJIY'!eHH Bnepmrn ,Il;JI.fI 

.IJ;llarrasoHa 94 ~ Z ~ !05. 

IlpoBe,Il;eH 8.II8.7IlI3 SKcnepnMeHTaJII,HIDC ,n;aHl!IDC ft II f n , llOJIY-

'!eHHHX B ,ll;HCCepTa.ItHH, a Ta,roite 3KCIIe:pm.!eHTaJII>HllX .n;aHHllX r¼ , 
r n , [i I fn (E ) II ce-qeHIIii ( 1-11 , :x: n )-pea:KWitt, B3.f!THX ll3 JIU-

TepaTy-pll, B CTaTitCTK'IBCKOii TeopIIH C 1pyHKIU1eR IIJlOTI!OCTli YPOBHeii 

p= Const" exp(E/T). B pesym,TaTe sororq IIOJIY'IeH11 ,n;amme o saBII

CIIMOCTII Ter:mepaTYPu H,IJ;ep oT aHepl'liII B036ya(,ll;emra, o 6apI>epax .n;eJie

HIIH lI BeJili'IliHax ItPlITH'!eCKOI'O yrJIOBOI'O MOMeHTa. 

Ta.KIIM o6pasoM, cos,n;aua noJIHM Mo,n;eJII> ,IJ;IDI TeopeTII'Iecitoro 

ormcamIH rrpouecca pacna,I{a cocTaBHoro H.IQ?a no Ka.HaJiar,1 ,n;eJieHHH n 

KaClt8,IUIOI'O IICIJapemm: H8llTfOHOB; noJIY'!eHa CllCTeMaTIIKa napru,teTpoB, 

BXO,Il;lilllllX B (7lp!~Jll:I' Ha OCHOBe cprumemra 'IliCJieHHUX pactreTOB C 

8KCIIepm11eHTaJII>HllMl'I .n;a.IIIruMll ,IJ;IDl Ha6opa COCTa.BHUX H,D;ep C II3MBHHIO

lJllil,lliC.f! B IlllIPOKOM .I(llaIIa30He 3Heprneii B036y;.;.;n;emm, yrJIOBHM MOMeH

TOM II aTOMHHM HOMepoM • 

IIoJIY'leHH11e B pesym,TaTe am:um:sa ,n;amme m.reIOT CY!lleCTBeH

Hoe 3Ha'!eHIIe lJ.JfR HHTeprrpeTarnm pe3yJII,TaTOB 3ItCrrepitMeHTOB He TO.'il,

KO ITO Il3?,tepeHHIO BpeMeH Xll3Hll COCTa.BHUX H.n;ep, HO Il ueJIOI'O p.H,D;a 

,n;pyrnx 3KCIIepm,leHTOB, Bl:IIIOJIHHer.rux Ha Izy'!lte TIDKeJIHX IIOHOB. Cos

,n;aHHail uo,n;eJII, no3BOJIHeT Bl:IIIOJJH.fITI, pac'IeTH ,IJ;IDl I!eII3y-qeIIHllX peaK

Jzylli Ta.KIIX BeJIIPmH' Kalt a6coJihlTHUe lIIIlpIIHll ,n;eJieHHH II IICIIapeHIDI 

HeiiTpoHoB, ce-qemm peaKIJ;Itii ,n;eJieHIIH H ( HI,xn )-pea1tuui1, sanu

cuMoCTII y/fn ( E) , cpe.n;Hee 'IIICJio HeitTpouoD ,n;o ,n;eJieHruI, H 1:.0-

ryT 6HTI, ncnOJII,30BruIH JJ.7IR OIJ;eHKII omr~aeMHX pesyJII>TaTOB npu IIJia

HIIPOBaJIIllI 31tcnepm110HTOB no II8Y'ICHIIIO H,D;epHHX pealtUIIii C TmKemn.m 

HOH&rn, H IIPH o~eHKe ceqeHHR odpa30BIUIHff smep B 3KCnepHM8HTax no 

CIIHT83Y HOBIDC 3Jiel/lBHTOB li II30TOIIOB • 

Co88pl[8llHe padOTll 

.il;accepTaIUIH co,n;ep;..:nT DBe,n;emre II '!eT:upe I'JiaBu. 
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r;rana I IIOCBffil!BHa omrnamno qlll3IPIBCKHX OcHOB MeTo;n;a at.fxpeKTa Te

Heii. 3@)eKT TBHeii IJp:lffia,IVIBJKliT K Pfl)zy' opIIeHTaUIIOHH!lX RBJieHIDi,KO

TOPHB BOSHllliaIOT IIPII BSaIIMO;n;eiicTBIIlI 6HCTPHX sapmtemrux tra.CTHU C 

MOIIOKPHCTaJIJiaMn. 3ap.,tiKemrue 'IaCTIIUH (oCKOJIKII ;n;eJiemm)' HCIJYlllBH

HHe HS Y3JIOB KpUCTaJIJIH'IeCROH pemeTKH B HallpaBJIBHl!.HX RPHCTaJIJIO

rpruriu'IeCKIIX oceii HJIII IIJIOCROCTeii, HCIIHTllBaIOT CHJll,HOe paccemrue 

yr,s.e Ha 6.Jllraaii:nnix JI.IJJ)nx. B pesym,m'.:.'e :3Toro HarrpaBJiemm, cooTBeT

cTIJY!OlllHe KPlICTaJIJIOrpa.q/Il'IBCIGIM OCJJM lI IIJIOCKOCTRM, ,n:JIR TaRHX 'Iac

TIIU Oita3HBaIOTCR saRpHTHMlI. Taru!M o6pasou, B yrJIOBHX pacrrpe;n;eJie

mr.a:x BWIBTOB1IIHX HS RpIICTaJIJia 'IaCTUU BOSHIIRa!OT o6JiaCTH c IIO.!IlmBH

HOii HHTBHCUBHOCT!,IO - Tait Ha3uBaeMue Temr. 

MeTO,ll; lISMepemm BPBMBHII IIPOTCitaHIDI R;a;epHoii pearu.unr saKJIIO

lJl?..BTCSI B I!3MepeHIDI xaprutTeplICTIIB WOPMII TBHII' HaII60Jiee '-.:yBCTBlITBJil,

HHX It HOpMMl>HO!\lY IIO OTHOIIleHmo It uanpaBJiemno OCI! IIJIII I!JIOCitoCTU 

_ c!llelllemno pacrra,n:a.RlllerocR SI,n:pa us ys;ra pemeTror, KOTopoe BosmmaeT 

rro;n; ;n;eiicTBIIeM m.m:ym,ca 6oM6ap.rcrrpyroll(ei! 'IaCTMULI u orrpe,n:eJISieTCR 

Kalt S = V1. 'L , r.n:e V 1. - HO pMaJibHafl cocTa.nJIJI!Olll8,JI CKopocTU coc-

T£tBHOro JI.lij)a, "C - cpe;n;Hee Bpeu.11 ero litusmr. 

0)UIUM u::; :JJIBMOHTOB qiopr,ru Temr, lJYBCTBlITOJII,HHM It Ct.!BlllOHIIIO 

;1l;BJI!IlllerocR JI.IJJ)a lI3 ys;ra pecreTKH, JIBJI!IBTCSI B8JIII'IlIHa f - r;ry6II

·. Ha, TBHII' orrre;n;eJI.fleMa.lI OTHOl!IBHUBM lIHTBHCHBHOCTU 'IaCTl!U B u;eHTpe 

TBHBBOro MlilllIMyMa K HHTBHCIIBEOCTl! Ha rrep1aj')ep:im. 

B Teopmr Jhm;n;xap;n;a' OIDIClIDaIOllle:ii :3Jllt/IIme RplICTa.JIJilI'IBCKOii 

perneTKII HO. ;1l;Bl!lKBHI~e ::iapW.teHHIIX 'IUCTIIU, BeJIHtmHa J rrpe,n:cTaBJie

Ha B mr;n;e n.rr.nm1rnm,rx cocTaBJUIIOl$IX: 

_f ~ J 1 + .f 2 ;- .}3 , 
r.n:e j J - BBJIII'Il!Ha, 38.BIIClI!lla!I OT CMBlllBl!lffi pacrra;n;ruoQeroCJI M

pa U3 ys;ra RPIICTaJIJIIf'IBCitoii pemeTIW, f 2 -OT a?,!II.lIHTY;n;II TBILJIODHX 

ROJie6rumii II }J -oT paccemm.n perncrpnpyeMmc 'IaCTIIU B RpncTa.rr

;re IIJffi Ha ero IIOBBl)XHOCTll. 

B 8TOil: Teop1m aTO!,IHHil: IIOTBIIUIIM a:rmpoRCl!MliPYBTCR IIOTBH

D;IIMOU Tomca-4epM11 c mipaMeTfOJ, ::mprumpoBamm "a" u ,n:JIR omrca

HIISI pea.rr1>Horo IIOTBHUIIaJia u;enO'IRII BBe;n;eHO IJpIIOJIIDlteHne HerrpeplIDHO

ro rroTeHD;IraJia. B 3TIL"< rrpe;n;rroJIOJ:teHnRx: wm MaJIHX CMBlllBHIIii B CJIY-

qae 3KCIIOHBHUHaJlbHOro 3aKOHa pacna,n,a ~aHO COOTHOillBHHB Mellt){y }1 
n S 

Ji= ( 5 2
) / '1.~ ., r;n;e 1.! = 1 / r. Nd , 
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N - 'Il!CJIO aToMoB B e,n.IIHnu;e o6'beMa, . d - r,reJttaTm.moe paccTo

mme wm .t;rumoil ocH. B rrpe;n;rro;roxcHIDI 3(lli>eKTnDHoro o6pesamm aToM-

uoro rroTeHD;IIaJia Ha paccTomnm "'tc. ( 1.._ ~ 3 a ) sTO cooTHomeHIIe 

HM8BT Bir;n; 't 2 'tc.

1 
'1.~ 

J1=2CV}'C2fi_{1+ ~)eWf-_J_{_k.) f V1.<r + e-vl.'t "t! l \ V{r 2\v{C , 

s;n;ec1, C ~ 2,5 - IIOJIY3Mim1Jll'IBCKrul KOHCTa.HTa. 

Ha.Mn a.HaJillsnpoBaJil!Cl> pa3JIII'IHIIe rro;n;xo.I(ll B pememm 1v1eTo.n;H

"<Iecrorx BOrr:pOCOB IIOCTaHOBRlI 3KCIIepm,ieHTa !IO l'I3Mepemrro BpeMeH mrn

HH C IIOMO~IO s@?eRTa TBHeil. Ha.n:6o;ree II8IJCIIBRTHBIWM ,ItJllI H3Y'!eHltJI 

peaRUIIii ;1l;eJieHIDI RBJISIBTCR MBTO,ll;, OCHOBa.HHUii Ha CpaBHBHIDI B O.IT,HOM 

3KCIIepnMBHTe TeHeBmc RaPTHH ;IJ;JIR n;n;eHTl!'IHHX oceil, opHeHTHPOBaHHHX 

IIO,ll; pa3JIII'lHHMlt yrJia.MII ( 81 H 82 ) TIO OTHOmeHIIIO K IIY'IKY rra,n;ruo
lltHX lJacTnu;. B Ta.KOM BaPHaHTe IIOCTaHOBim OIIIITa pa3HOCTI, 

/J.J=J 81
- J82 

He 3a.mICHT OTB~ J2. H Jg 'KOTop11e coc-

TaBJJIDJT MeTO;n;II'IBCicyIO Rm.moueHTY rrapa.MeT_pa J H ROTOplle He MO

ryT 6!1TL orrpe;n;eJieHII TeopeTTI'IBCKB C ;n;ocTaTOlJHOtt TO'lHOCTLIO. TaKII!\1 

o6pa30M' BeJIH'IIIHa 6 J CllJI3a.Ha TOJII,RO C - 3@l8KTOM 1toHe'tIHoro 

BpeMeHll JIOI3HII COCTaBHOH CHCTBMl.l. ' . 

rmBa JI IIOCBRlllCHa OIIHCa.Ill'llO 3RCIIBPIIM8HT8JII,HOH MBTO,n:nruI JI3MepeIDtJI 

BpeMeII l!tll3IDI BllCOROB036yr,s.;n;eHHIIX COCTaBHilX R;a;ep. C D;BJII,FJ IIOHHllte

HIIB HlilKHero rrpe;n;e.1::a ,IJ;HarrasoHa H3MepRer.!11X BpcMeH imsIDI aa C'IBT 

y1v1em,memm MBTO,Il;H'IBCROH COCTaBJIJIIOlltefi BBJIIIlJlIHll J peamm:oHHasI 

Ra?.tepa ROIICTPYIIPOBaJia.CI, C Y'IBTOM B03M~OCTH OXJiaJK;n;emm: Mlmremr 

;n;o Ter,rnepaTYPII IWlleHIDI im,D;Koro asoTa 
2 • reoMeTp:wI oIIIITa H cxe

MB.Tll'IecRoe lI306paxeIDie peamm:oHHoii Ra.MBPII IIOKa.38.Hll Ha PHO. I. 
8RCIIBPlitMBHTll llPOBO,ItWIHCI, Ha mme;n;eHHOM ny,me Tmite.nmc lIOHOB 

12c, 16,18
0, 

22 Ne, 27Al u 
31 P :qmwoTpoua Y-300 JiffP OMllli H 

Ha n:y,me 3tte UIIKJIOTpoua Y-120 (ByxapecT, PylfilHIIJl). B Ra'IBCTBe !lm

meHeii HCIIOJII,30BaJilICI, MOHOitplICTMJill TaHTaJia, BHC!,\V'Ta H ,ICBJOKHCH 

ypaua ecTeCTBGHHOro JI30TOill!Oro COCTaBa • .1LJISI Ha6JIIO;n;emrR ~RTa 

TeHeil 6HJJl1 Bll6pa.Hll uau6oJice I!JIOTHOYIIaROBaIIH!le RPlICTaJIJIOrpa.cpHtJec-

IGie OCH < III) MOHOKplICTaJIJia Ta.HTaJia, < IIO > - Bl!Cl,\YTa JI 

< IIO ) - .n;BYOimCH yprum. Mmnemr opHeHTliI)OBaJmCL TaICIIM o6pa

SOM, 'ITO o.IT,Ha H3 OCBBHX TBHCii Ha6mo;n;aJiaCI, IIO,ll; yrJIOM 90° K HanpaB

JIBHlIIO rry'IRa ncHoB, .n;pyrrui: rro;n; yrJioM 160° (Ta, Bi ) H I5D0 ( U02). 
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B a::cnepm,1eHTe 238u + 3HP., /4/ ;zvD1 yneJIII"IBIIIDI CTaTIICTll"IBCKOli TO"I

HOCTII pesyJil>TaTOB TBH8Bh18 MlIHlll,\YMll Ha6.mo.naJII1CI, He OT )Ulyx, a o,n;

I!OBpeMeHHO OT Tpex oceil O,WIHaKOBhlX lIH,I\BKCOD < II0 ) • 
YrJIOBble pacnpe,I\eJieHruI OCKOJIKOB ,n;eJieHUR perucTpnpo:sa.mICI, C 

noMOIIll>IO TBep,n;OTeJII,HUX T~BKOBHX ,n;eTeKTOPOB. IlpII lI3Y"!BIIIDI peam.um 

c IIOHID.111 3r!e, 12c, IS,I O II 22 Ne ,W1CRPID,IIIIIaI]JIIO OCKOJIKOB .n:emnOOI 

OT YfIITJro paccemmmc uoHoB 06ecnetJ1rnaJio IIJ?IIMeHemrn ,n:eTe1t•wpon 

ns o6wmoro Cl1JillRa.THoro cTeKJia, c uoHru,IH ,-.,
7 Al I! 

31
p - CJI!O,ll;li 

II ICBapu;enoro CTCit.Jia, COOTBBTCTBeHHO. ,UeTc::TopHpacnoJiaraIDICI, Ha 

paCCTOHHHH 140 MM OT MnmeHn, qro npn ,nna.Merpe nyqKa HOHOB I MM 

ml'IOK 
UOHOB 

PRc. I. CxeMa peaKI.U'IoHHoit 1tru.1eph1 .u;mr aiwnepmi1eHTOB no nsMepelUIIO 

npeMeH xtll3Hll C noMOIIll>IO ajxlleI,Ta TeHeil: l - BXO.n;HO:il KOJIJmMa.TOP, 

oXJia.llt,I(8.er.ruii no.n;oi1; 2 - TPBKOBlle ,n;eTeKTOpu; 3 - onpaBita. c MOHO

KPHCTaJIJIH"IeCKOi1 l,UlllleHl>IO, YCTaHOBJISHHM Ha MS.n;HOH Kmtepe, OXJirult

,n;aeMOll Jitl'I,nKHM a30TOM; 4 - U80JIHTOB!lll Hacqc; 5 - MaCJIRHM JIOBynIKa 

c OXJialit,I(BHUeM ,ira,man,1 asoToM; 6 - o~er.ruii xtll,ll;KHM asoTOM KOJIJIH

M8.TOP rrytma TmiteJihlX HOHOB. 

o6ecne"!lmaJio yrJionoe pa.spel!leHHe onHTa. ~ 0, 5°. 
IlocJie XIIMll1ICCKOit o6pa.6oTKl! .n;eTSKTOPOB npOH3BO.InIJICR me 

TIPOCMOTP C noMOIIll>!O OIITH"!SCICOro MRKPOCKOna.. Ilpocua.TpHBaeMoe noJie 

6 

l 
l 
i 
~ 

t 
~' 

spemm IIJ.IBJIO pa.suephl O, IxO, Ir.rri. C ll;OJII,IO nonh!lllemm CTaTIICTll':IOC

KOll TO"IHOCTil onp>J,JWJIOHIL'l BOJilI"-IlIHbl f TIJIOTHOCTI, TPSKOB B UeHTpe 

TeHII on:ge,eJmJiaCI, cpe,n;Heil II JI OTHO CTI,I) B KDa,llJ)aTe II3 7x7 noJieii 

spemm 72 • IloJiolltemre a Toro KBa.,n;paTa. .nm;upa.rroc:o no KpnTe1mro nau

MOHl>llleii cyr.1MU TPOKOD no oTHomemIIO KO BCBM .zqiyrII!il KBa,zij)aTUI,l, cue-

1!18HH!ill Q';;HOCIITBJI!,HO Bll6pa.mrnro. ,lJjur onpe,n;eJieHM noJIYllllIPIIIIhl TBHII 

H3 llJIOTHOCTH TPSKOB BHe TBHH OCYl!l8CTBJIHJICH npoCMOTp ,nereKTOpa no 

npm,!Oii:, npoxo.wrn1e:i "!epes Ha.i"I,ll;eIIHLiil ll;CHTP J,!elK,Ily ITJIOCKOCTHUX TCHCi1. 

Ha P~IC. 2 !TI)'.l~CTa.BJIBHll pesyJII:,Ta.Tu Ta.Icoro npOCMOTpa .n;JIR peaimim 
238 u + 12c. 

238 12 
U + C 

E =53 Ma6 

to ~•:::,••••,a.a•. a 
••• ool I 

• . 

(tr)) • -90° 
o-15a" 

:•'.' .. . ,:e'' .. , .. , ..... . 

·e;----1 1/'\•2.3" 

• - . . . . . .. 
0 

0 

at -5• -,• -2° 0° 2° t. • 6° 

PHc. 2. YrJIOBOC pacnpe.n;eJicmre OCitoJIICOB .n;eJISHllR B6JIII3JI KpIICTaJIJIO

:!:'pa.g_ilr"<Iecmrx oceii ( IIO) uoHoKpHCTairna .JUlYOimcn ypa.Ha, oprreHTI'l

ponrurnmc no,n; yrJials!l'l 90° II 150° K Ila.IIPa.BJI8Hll!O JIY'IK8. HOHOB 12c 
c 3Heprne:i r, Jia6opa.'l'OpHoi1 CI;CTeue KOOp,ll;lrna.T BI !.laB. 

3Kcnepm.:eHTUJII,Hl!e ,ll;a.IIHI-18 rrp1me,n;eHJ:I D TU6J~m1e I. STU 
,ll;a.HHHe MOlKHO pa.s.nemITI, Ha Tpll rP'Jilllll no z COCTaBHOro JI,l.U)a.: 
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.1 

Ta6.mma I. . a) 81 < 2 < 89, BeJIII'Il!Hll A_/ , IIOJIY'IBHHHe JJ,JI.ff 3Toro :nane-
30Ha z B pea.ro.u,urx ua MOH01cp1ICTa.JLJIJt'leCimx I,1llllleIIll{ Ta nBi 1 ,3.,: 

Pe~m E l.faB D..f 't'1<pq>. m-180 'i: I0-I8c 

~ 
::~opomo cor.na.cyroTca c .IlaHHIIMII Bl:lIIOJIHeHHHX paHee B J&6Hc a1wuepu-

0 . MOJITOB Ha MOHOKJ)lICTa.JIJie 186 w . .I1JrR 3TOro ,JJ,1IaIIa3oHa fl,I(ep xapm:-

ISITa+ I6o 63 0,104±0,047 6,0 4,I 

J 
TepHo yMem,memre Bemr<nm 6 J C YBOJilt'l8HII8M 3Hepnm D036y;;memm 

181Ta+ I60 IOI 0,004;t0,035 < 3,3 
JI IIOCTeIIeHHOe YMOHI,1Il8HJ1e Ha.KIIOHa 3HepreTII'leCROii 3alllICIIMOCTII npu 

<. I ,8 nepexo.n:e It 6oJII,IIlllM Z; 
IBITa+ 22Ne 69 0,044±0,030 3,3 2,5 6) Z = 94. D a1wnepru!leHTe rra ll31'repeHinO BpeMeHII mrnHII 
181Ta+ 22Ne 120 0,08½;0,C20 3,7 2,6 COCTaBHoro H,IlPa IlJIYT0HHll-241 IIPlI 3Heprl!l! B036ylK,ll;emm 42 Li3B B 

I8ITa+ 3Ip 60 0,023±0,034 < 2,7 
peruuuni: C JierRIIMII lffiCTIIIl;ru.m 3ne Ha MOHORpUCTaJIJil!'l8Citoil MIIli!BlllI 

< 2,7 U02 <l1ma noJiytrnHa BUXOM[ia.a 3a rrpe,l\eJIII CTaTIICTII'lecROii oum6ror 
ISITa+ 8Ip 94 0,047±0,080 2,2 2,8 B8JI1I'll!Ha AJ 141. 9TOT 3KCIIepm,IeHT .fIBJ!fIOTCJI rrepBHU, DllllOJJieH-

209Bi+ I2C 44 0,034±0,019 6,8 HIIM ,J.T,JIJI TroiteJIHX fl,I(ep c Z > 90 B !IpOMOJiCYTO'IHOii o6JiaCTlI aueprmr 

238U+ 3 He 42 0,029±0,015 28,0 I B036YJKJJ:emm E = (20-60)MaD; 
D) 98 < 2 ~ 105. )I.Im 3TO:::'O ,JJ,1IaIIa3oHa rep 3KCIIepm!leH-

23su+ I2c 53 0,089±0,016 6,6 4,0 TaJII,HHe .I(aHHHe A.f 6wm IIOJIYt!em1 Bnep:31rn 12 •5 • :lfa Ta6JI111UI I 
238U+ IBO 61 0,017+0,034 8,7 8,5 

mr.r;Ho, 'ITO Ha6Jn0.n:ae1.me B8JIII1IIIHU A_/ 6m!3Illi It 3Ha'leIDim,1, IIOJJY'IOH-
-0,014 HUM ,J.T,JIJI cocTa.BHllX Jmep c BI < Z < 89 iI JJ:a.llte B HermTopHX c:,ry-

238U+ IBO 74 o,028±8:8rs 4,I 2,I 
'la.me 381.!:eTHO 60JII,1Il8, KpoMe Toro, BOJII!1Il!Hl:l ti_/- ,J.T,JIJI BllCOitlI:{ 3Hep-
mil B036yx,n;emm B HeKOTOPHX pearo.wmc rrpeBll!IlaIOT 3Hatiemm t:l.} ,J.T,JIJI 

23su+ 22Ne 64 0,007+0,041 
6oJiee HlI3KlIX 3HatieHJiit E , T, e, IIMeeT M8CTO !IpOTIIBOIIOJIO:itlirut 

-0,021 < 4,4 < 3,5 TeHJJ:eHitWI, 'IeM B CJJY'!Ue BI < Z ~ 89. 

238U+ 22Ne 
}vm: o&z.n:cHeHIUI :mcrrepIIMeHTa.nI,HIDC )J,ru!Hl:!X, IIOJJY'IOHHUX B 

I05 0,040+0,088 8,5 0,04 peaIUUimc: c TmiteJlllMll llOHB.Mll: Ha MllllleinI rrn UC>i , 6HJI npoBe.n:eu rura--o,orn 

238U+ 27Al 77 O,I08+0,07I 
JIII3 Ta.Koit B03MOJltlIOit qnrnlltJ:8CKOit IIPII'll!HH 1!3?.mHemm BeJilI'll!H 3/ , . 

5,I Rait .n:eJieHlle !IpOJIYKTOB pe~ rrepe.n:a'll! HYKJIOHOB. 0Ka3aJIQCI,, 'ITO 
-0,046 cpe.JJ:Hee nopMaJimoe cue~eane IIPO.IIYKTOB pearo:J;llli rrepe.n:a'III 60JII,1Ile 

238U+ 27Al 96 0,092±0,054 4,4 
,J.T,JIJI OCll, pacIIOJI02lt8HHOit rro.n: yrJIOM 150° K IJY'IKY' 'WM JJ,JI.ff OCll IIOJJ: 

0,029 'yrJIOM 90°. IIoaTOMY .n:eJieHl!e !IpO,lJYRTOB pearontii rrepe.n:a'III uyKJIOHOB 

238U+ 27Al ISO 0,056+0,044 8,I 
JJ:OJimIO ~aTI, w~TSJII,Huit BKJia.JJ: B 3KCII8pllM8HTa.1ll,HOe 3Ha'leHlle • 

-0,019 t:::,.j = ; 900 -.J , T.e. IIO!IpaBRa HU 37°T aifxIJeKT .n;oJilKHa YBSJII!-
'll!BaTI, 3KC.II8PlIMOHTa.JII,HOe 3Ha'!emre t::..j 21 • 13HJrn: npoBe.n:eHU 
OUSHKll Bepxuett rpain11Ul BKJia.JJ:a B B8JIRqllHY t:.J OT pemuurit rrepe-
.n:a'III. 9TII 3Hatiemm 6UJ11I BitJIIO'leHu B rrorpelllHocTI, onpe.n:eJieHIDI AJ 

J 
CO CTOpOHll 60JII,llllIX 3Ha'!eHIIII ( Cl,!. Ta6.mruy I) • 

rJiaBa Ill rrocBlil!leHa pa3pa60TKe crroco6a pac~eTa IIIRpIDI ~acrra.n:a 
COCTaBHIDC JI,ll;ep ITO OTHOIIleHIDO K ,n;eJieHllID ll ucrrycKa.mno HeilTJ)OHOB. 
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13 CTaTIICTl'fll8CKOfi Teopmr .I(JlfI omrnamm O'l'I!Olll811J1ii: r; / fn Ham)OJiee 
11acTo n .-,mTcpa-rype ncnvJII,3YCTCJI MO,IJ;CJII, 0epr:':-r..isa )T)JJI !)ymcrum 
IlJIOTHOCTIIYPOBHCii, llM810ll18il: mm p=Con!ot.ext,(2 ✓aE) 'r;~e 
E - T0TIJIOB8.iI 3lleprmr BO3Oy;It,Jl;eIIWI, Q. -TiapaMeTp IIJIOTHOCTU ypon
Heii, o6wmo a= A/10 -i-A/8 , n A - uacconoe 'll!CJIO cocTrumoro .ro.
:1a. O,n;mmo B 3Toi1 Mo,n;em1 c Tiaprui1eTpar,m, ~',n;o:JJieTnopmon1m.m om1ca-
mm sa.B11cmi1ocrn I}/ fn OT 3Hepr1m nosdy,it,n;cHnJI, B HeKoTopux 
CJIY'ID.fIX Il0BO3MOllillO ,nrute B Tiepnm.1 npucim11 . .tcmrn O!II1CaTI, a6COJI!OTHUe 
lllHPIIHI,I pacna.n;a, nsr.mpemme c no;.1oll1J:,10 a<fr:Deitm TeHeii. B To. Ate npe
un: ,lt.'C:l t;!JHKWm IllIOTHOCTII YPOBHeii B 1i1O,n;em1 C nocTommoii T8!illlepaTy
poii, lllA8IOI11eii Bll,IJ; _p=Cori!>-t •exp(E/1)' r,1.1e T - .rr.n;cpHaJI TeM
TiepaTypa 11 o6a'!Ho T '"'-- I MaB, pac11eT .naeT BpeMeHa IDI3Hll, COOT
BCTCTDYlOllllie no TIOpJI,D;Icy- BCJIII'll1!1bl 8Itcnepm.1eI1T8Jil,HW,I ,l(aIIHUI.I. 13 Taito!:1 
npe,l(TIOJIOlIWHlm O cjlyHro.um WIOTHOCTll yponneii BupaJKemm )J)I.fi pae'leTa 
C1!pllH fn ll ~ IIl,lCJOT C.'I0,Il;,Vl0Ill1Iii mr,n: 

fr - A
213 

T.
2 

{explE-e.n-ER) E-Bn-ER 1l ' 
"-rikoexp«E-E~)/Tc) \ .Tn - Tn - ~ 

[. _ T [ p(J- B!- tt) i\ 
i- 2rrexp(lE-E1t)/Tt) ex , 11 - ' 

r,n;e ko = I2,25 MaB, ER - cpe.n;H.fI.fI SHE.prim npruqemm .ItJUI pam1onec
noii .IJ:e<~opMru.1;1m, El - cpe;mmn: :mcpI'lI.fI npamemrn: Ha nepunrne dap1,
epa ,l(eJiemm, Bn - 3Hepnm CM3ll HeiiTpoHa, B-5 - BIICoTa 6ap1,epa 
.n;eJieHnH, Tn , T1 n Tc - TeMrrepaTYPu JI.IU)a: nocJie lICTiapemm Hefi
TpoHa, Ha B0PlllRI!e 6ap1,epa ,1.1eneHna H COCTa.BHOro HJUlll, COOTBCTCT
B0HHO. 8HepI'!Ul .BPUill0HM E9. BWI11CJLIIJiaci, )J)I.fi MOM0HTa 1mcpn:1m lK8CT
KOii crpepu, rrp1111eM I<Ba,IUJaT cpe,D;Hero yrJionoro MoMeHTa DU'll1CJIJIJICJI 

TIO Mo.n;e.mr 11epuoro JUU)a c Y1IeToM orprurn'!emm cnepxy no KPJ1T1111ecKo-
MY yrJIOBOMY MOM0HTy. ' 

Orrncrume 3a1lllCJ1MOCTH ff/ fn OT I a:rnprllU BO3C>YJi(.Il;eHIUi B J.lO
,Il;0m1 p= Const• exp(E/T) 6wro .n;ocTnrnyTo c paamrTneu rrpe,l(IloJro
i:·oHJLq o HepaBeHCTBe TeI,mepar.rp Tn 11 T:f 161. Jf,)m 0OOTan1Iux 
H,D;ep D ,n;uanasoHe 60 < Z < 90, TIOJIY'l0HHhIX B pcaruumx c T.IIJKCJillt!ll 
lIOHar.m, xaprutTepeH pe3KIIH pocT fl / f n C pOCTO!il 3Uepnru BO36y;:t-
,ll;CIDUI, Ha:IDIHaJI c 8Heprmr OKOJIO 40-50 Mo13, COOTD0TCTBYJO!lleii I{'JJIO
HOBCICOMY 6ap1,0py D3llllMO.n;eiicTBmI. TaKJIM o6pa30M, )J)I.fi pac'!eTa Ta-

10 

mrx ncmrnm, Im?. ::;pm.mna JKirnHu, OTHomcmm r-f-/ fn 11 ceticl!:1}~ 
( HI , X. n )-peaKI~UM ,ll,)lfI a~oro ;u;uarraso11a smcp CYIJl0C':'::'.'iCHlill!,1!1 JlDJI.ffiOT
CH 3aBIIClll.lOCTH TiapaMeTpOB Tet.!!Iepa-rypu OT 3Ilepnm B036Y)iv:lemm Dl:1-
1:!e 40 JfaB. AllfI STHX so.nncnMocTeii 6!,lJilt c~Emr.Hu CJIC;zyJ:Jl!Uie Tipe,l(IloJio-

~emm: .Tn=-Tc.= Const , Tt-==-Tt+ k('E-Eo\ - cJia6M mmei1-
HalI 0YHKUmI aHepr,m :i.;os6y;meun.a. • 

B 8TUX npe,l(TIOJIOIWIIWIX 6H.J!Il pacctmTa.HU 3:1DllCIU.1OCTll f1 /f,,(E} 
n o6JiaCTU 2 COC;TaBHoro fl,llJ)a 63 ~ Z < 82. Pac'!eT COCTOHJI n na
xo,mcmm OTITlIM.8.JThHoro Ha6opa napar,mTpon Tn , Tf , \< u Bt , 
y,n;oBJieTBOpmo!Iil!X omrcam::,J 3KCTiepm.1eI1TaJIJ,HUX ,IT,8.HHbDC' ,ll,)lfI I9 D3flTL!X 
II3 Jll!TepaTYpU peaK!Uiii. Bu6op TiapaMeTpOB npOI13BOJJ:ltJIC.fl aBTOI.'laTU'lCC
Rl! Ha 8BM COC-6500 TIO RPUTepmo HaIIl,\0Hl,lllllX RDa,ll,I)a?OB / 7 /, Thmo 
Haii,n;eHo, 'ITO oTHomeIDUI napa.MeTpon T; /Tn u k /Tn o6pasyroT 

0. 0 . 
puryJIJipIJYhl 3a.BlICm.1ocT1, OT pasHOCTll Bt - on , a B5 - Elt.r(Ko-
KaIIeJILHa.H cocTailJIJI!OlllaJI nucoTu 6aph8pa .IJ:eJieHwr - oT Z2 i' A . 1Iepes 
Haii,n;el!HI1e Tolffil! y.n;aJioc1, nponecTu rJia.n;rore Rpmme Ta.K, 'l'L'O pac11eT 
rf / rn (E) no 8TID1! CrJiaJK0HHLIM 3aBIWID,IOCTffi,i Impar.mTpOB ;II.a.JI TaitiltC 

xopomee cor.nacue c aKcnep:m.teHTOM. 

f.rrana IY TIOCBlill\eHa o6paOOTite 3RCTI0pllM0HTaJIJ,Hh1X 3Ha'!eHHii A_j'atpcp. 
C y'leTO?il rrponec:ca ,l(0JI8HM TIOCJie 11cnapeHrut HeiiTpOHOB. Hai.lit 6wra 
paspa6oTaHa Ma.Te!,IUTl'fl!CCKaJ! MO,IJ;eJII, lla.KOIIJieHltff pamtoC':'ll r.ny61111 TeHeii 
B pesym,TaTe :3Toro nponecca 11 no.ny11eHu aHaJilITI-I'lecrure mrpai:temm, 

CBJI3WJaIOOtH: BeJill1IHHY AJ 3qx:p. C npeMeH&,llJ ,nim JI.IU)a Ha lcaJlt,Il;Oii: 
cTyTieHH nenTpoHHoro ucTiapnTeJI1,Horo Kao~ 8 • 

C y'!eToM rrpo~ecca .n;eJieHrut nocJie RCTiapamm ue~lTpoHoB 6wm 
o6pa6oTaHU s1tcnep11MeHTaJIJ,HHe ,l(a.HHHe ll.Jscpq:,.]I)If! H,D;ep n ,ll;liarraso
He '79 < 2 < 89. Pac'leT ,Y ll f n IIPOBO,ll}{JIC.ll TIO rJia,ll;KlIM 38.BlICU
MOCTJIM napa.MeTpoB Tf /Tn , k /Tn n B7 , · onRCa.HHWl D mane ill, 
R BaitlllO'laJICJI B 11axoiK,IJ;emm onTltMMl>HUX TiapaMeTpon Tn u C Tf .ItJUI 

Teop30::H'IeCKOro BOCrrpol-I3B8'/1.0HRJI 8RCTieplIM0HTaJIJ,HHX 3Ha11eHJifi t:i.J:Yf'f·• 
IIapar.teTp Crt 6WI nne.n;eH )J)I.fi He6OJI1,moii 1topperonm napaMeTpa 4, , 
OKasaJioc1,, 'ITO .IJ:JIJI 3TUX .wi;ep Bitrra.n; B Aj'iXf!'f'- OT nepnoii: cTyIIeHll 
Ra.Cl<a,n;a npn Ha'laJIJ,HOil 3Hepl'III1 BO36yiK,IJ;emm COCTUBJI.ff0T lie MeHee 30%. 
OnTmAaJil>HHe 3Ha11emrn: TiapaMeTpon Tn u Cr1 nplIBe~eHu B Taomme II. 
Bper.ieHa l!tll3HR sr.n;ep Ha Tiepnoii cTyIIeHll KacKa.n;a npl!Be,n;eu1:1 B ora6.iuru:e 
I. 
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3rumcm,mcT:r:, BemPll!H f1 / In OT a:1eprmr Bo86Y1.t,IJ;emm .IlJilI 
Tm:ceJIUX: smep ( Z rv IOO) JIBJl/IeTCH CIIa,Il;alOOleil q,yHitIUieil C poCTOM 
aHeprim BO86~eHruI. IIoaTorzy TeopeTH'rncrwe BOCIIl)OII8Be.n;eime ce'!e
mrli: ( H1, :x: n )-peamntlf II BpeMen rorsHn rroTpe6oBano ~Hefnnero pas
BIITIDI crroco6a pactJ:eTa mHPHH pacn~ cocTaBHoro R,IlJ)a BIJJioT:r:, ,no Ma
JWX (oKo~o IO MaB) 8Ha'!eHII11 SHeprmr Bos6y'Jlein. C BToJ ~e~:r:,ro 
6L!JilI c,u;e~aHu ,u;onommTe~:r:,mm npe,u;no~o:i:temm 9 o 8aBIIClIMOCTI1 rrapa-
MeTpoB 1n t T ¼ lI TC OT SHeprmI B086Y°MeHIL'I mme aHeprIDI 

E 1< p =40 MaB, TaK '!To : 

li -TKP/E' -1 1Y.f'JE-ET' • vr.rr n-,n V"EKf'' f" f E.-E...:p , Tc=1! YEK°p 

Tn=1:~=Cons-t ;T.r=T+-1- k(E-Eo); Tc~1t 

Ta6.mma II. 

PEAKlf(R Tn 
1a6w 12c 
71. +5 0.93 
1~a+ 1go 1,00 

1B6w+ 150 71. 8 0,98 
1
~a+ fefNe 0,97 

186w+ 22Ne 
74 10 1,00 

18Jra + 31p 0,92 
I Z 15 

1a1w + 11p 0.73 71, 15 

11pn E < ElCp 

rrpn E ~ Eic:p 

er, 
0.975 

1,000 

0,996 

1,012 

1,014 

0,997 

1,003 

Ha OCHOBaHlrn 3THX npeATIOJIOXeHiil,l 6Wia npoBe,neHa o6-
pa6OTita sR.cnep1IMeHTan1:,11ux: .namrux .IlJilI sr.n;ep Cf , Fm H J L / 9 / 
Pac'!eT 3alOIIO'IaJICH B Haxo,x,n;eimn OIITIIMaJrr,Horo Ha6opa napaMeTpoB 
T n , T; , k n E.1 ( Ta6~ Ill) .IlJilI o.n;HoBpeMemroro OIIlICaHim 
Be~ A J ~q:,- C y'!eTOM .n;e~e;ma TIOCJ!e HCnapeHHH HeiiTPOHOB II 
ceqem,11,l (HI,xn) -peaKIUiii .IlJilI Tex lite pea.iau,m, B8HTUX ns m1TepaTY
pn. 0Itasanoc:r:,, 'ITO .IlJilI T.fDlteJtWC smep BR.JI~ .n;e~emm 11OOJre nc11apemm 
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HeftTpOHOB B BeJIII'!l!Hf l::.J'ilCf"P· :-)Ha'TIITOJIJ,HO 6O.11:,me, 'let.I ,IT.JUI smep 
C 79 < z < 89. B pac'!eTax UCTIOJil,3OBaJIIIC1:, mrTcpaTJPH!le TeopeTII
'!ecrme 8HatJ:cmm Bt (01co~o 7 MsB) u rrpe,u;no.rraran:OO1>, '!TO 01-m ne 
samrCHT OT :mei;rmr Bos6yJli,ll;emm. 

Tao.•131\a Ill. 

PEAKUvlfl TnM3B ITt<100)/Tnl k/ Tn I ET MaB 

238u +12c 0,979 1,063 2~3103 5,61 

230u. 100 1,036_ 1,043 3,11 1cr3 6,51 

23Bu...2~e 1,125 1,005 2.991cr3 6,89 

B KO~e .nuccepTa.rum ,IJ;aJ!lI lipMOlKelllIJI I II II. B HIIX nplillo;rr,fITC~ orm
camm nporparv1M )J;JlfI 8BM CDC-65OO, C IIOMO!q1:,IQ KOTOpUX npmrnBO,Il;limIC1:, 

pactieTH, BIIllo~e1mue B rJiaBe rJ. 
OCHOBHble pe::iy.iI:r:,TaTlI ,Il;lICCepTa.u;Im 3aRJII0'!8lOTC.fI B c~e,nyIOillCM: 
I. Cos;r.J.Ha 3ItCilOplIM3HT8JII,HafI ycTaHOBI\13. )J;JlfI II8Uepemm: Bpe

l,,OH mrnmr BO86YJK.neHHHX smep c noMoll\1:,IO lllixpeKTa TeHeii:, nosnoJilII0-
1.IJruI npOII8BO,Il;lIT1:, 3KCil0pID.IeHTbl Ha IIY'IK8.X Tmcem.lX IIOHOB C o~a;It,TI;emr
eM !;!OHOKPIICT~I'!OCKOH umrremr ;IJ;J ':.'OMIIOl)UTYPll romemm lKU,Il;R.O1'O 
asoTa. 

2. Paspa6oTaHa l,10TO,U;mm onpeAeJiemrn r~6IIH TOHOBUX l11Illill
?l~YMOB, TIO8BOJiffi(ll!alI B pesy~:r:,TaTe BU6opa OTITIIM8JI1:,l!HX yc~omtii Ha
KOIJJieHI!Jl n o6pa6oTroI nmJ.>opr,iau;IDI ;D;OCTII'!1:, CTa.'!.rr,apTHOii: a6cOJIIOTIIOii: , 
TO'!IIOCTII OKO~O ±0,0I ;rr,JJ.fI orrpe.n;e~emm BemitJ:IIH f , II, TURirM o6-
pa3ul.1, ,Il;OCTOB0PHO onpe.n;eJtfIT1:, Be~'!llllll A j BIJJIOT1:, ;n;o Ma.JIUX 8Ha
tJ:eHIIii Ha ypoBHe OKO~O O, 02-0, 03. 

3. IIpn £asmr'!Hux: sHeprnmc ycrwpeHHux: noHoB Sue, 12c, 
16 ,I8o 22Ne, 3op n 27AL n pea.roumx Ha MOHOKl)IICTa..7IJII{t!OCKIIX MlI
IllOHHX fs1ra, 20.,Bi II ,ll;B'JOKlIClI ypaua-238 II8Mepem1 s@)eKTIIBHIIe 
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Bpet.1eHa npOT8Iill.FlllJ! peaKI.Ui..'1 ,D;CJiemm:, Haxo,IJ;fllUlI8C.H Ha YIJOBHe (ro-lB_ 
10-17)c, 'ITO GBII,!J;8T8Jil,CTBY8T O rrpm.mmn.iocTn MO,I:;GJIH COC.TaBHoro 

JJ,I(Ila ,If,J1lI ym1sammx pea1mmt. 
4. Ha ocnoBe orrpe,neJiemwro nu6ops.' ncmr'!Imu :r :cmcpreTn'!eCitoH 

3aBIICID,!OCTII rrapru.mTpOB Ter.mepaTYIJH Tt, ~n JI le. B g)opMyJie ,IT,)lfl 

IIJIOTIIOCTlI ypoBHeil: COCTamIO:.'O JJ,I(Ila .f = Con~t exp(E/T) paspa6oT8.H 
crroco6 pac'!em aclcomoTHLIX ump1rn pacrra.iw. fn rr q , y,now10s,no1->II

TOJII,Ilo omrclffi~Iii 3KcrrepnMeHTaJII,Huc pesyJI~TaTu n .n;mmasone sHep

rnn nos6y,K,nemm 40 MaB < E < 120 MaB ,IJ;JIJI .rmep 63 < Z < 82 
H n .n,rarrasone IO l.!aB < E . < 120 MaB ,IWI .rmep c Z rv IOO. 

5. IloJIY'!eIIa c11creuar11Ka rrapa.ueTpon Tf / T n , k / T n n B'! 
B BII~O rJia,nKIDC 'l)YH~OH8JILHHX 3a.IllICJIMOCTeil:, II03BO~a.fl C TO'!HOC
TLIO JIY'!Ille 20% IIPOlI3BO,D;II1'1, pac'!eTH :mepreTH'l8CKHX 3aBlICI'IMOCTe:i:i 
y/rn (E) ,IT,)lfl ,rmep C 6J < Z < SO. IlOita38.HO, '!TO ,IT,7lfl IIOJJY'!8Hlffi 
peryJI.Hp:Ieii cncTeMaTIImr neo6xo.n:imo Y'!J:IITUBaTL B pac'!eTax orpamr'!emre 

yrJionoro I.IO!il8HTa co CTOPOHU 6om,r:rrrx 3Ha'!omii1 ( f.. lc'.p. ) • 
6 • Pas_pa60T8.Ha MO,D;8Jll,, OO'bJICIDI!Oil\8.fI xo.n 3HepreTII'!8CiaIX 3aBJI

CIIMOCTa:ii m16JII0,naer,rux :a s1tcrrepnMeIITe sua'IeJIJiil: A J3<f'P· c TJ8'l'OI.1 npo
[iecca ,neJieHII.H IIOCJIC IIC:J[:pemm H8i1TpOIIOB. 

7. IlpOI'13BO,D;eHa TeopeTII'!8Cltafl o6pa::5oTita 3KCII8PlIMOHTa.JII,Hb!X 

.nammx l!::.}'3Cf"P· • Iloita38.HO' 'ITO cyJ1{8C'l'BOIIHHii BRJia,IJ; B Ha6JUO,rr,aeMUO 
BeJIII'llIHll t::,,.j-acptp. BHOCJIT rrpou;ecc ,neJiemm rrocJie ncrrapemm Heil:Tpo-

HoB. 
8. Paspa6oTaHa cep1m rrporpar,1M r,iaTer.iaT1Nec1wro o6ccne'!cmm 

rrpoBo,n:in,rux pac'!eTOB ua 9BM CDC-6500. 
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